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1 About This Study Guide

Several years back, actually decades, when | was a student myself, | studied parameters (or factors) which may affect the behavior
of pre-existing faults (fractures) in the Earth’s upper crust. We wanted to understand the “circumstances” which may reactivate a
fault (i.e. so that slip along the fault would occur). Some parameters of our investigation were coefficient of friction, orientation and
relative magnitude of the mechanical stress field, the dip angle of the fault and so on. These studies have been carried out using
the Finite Element Method.

At that time, we created a list of simulation runs considering various combinations of the above parameters. We called it “list of to-
do runs”. Today we rather would call it simulation run matrix.

Among many other lessons we learned we realized that the manual approach is very prone to errors as every single model variant
has to be created, edited and saved manually. Moreover, keeping track of model names, model files, modified parameters/factors,
documentation of its effects on fault behavior etc. turned out to be a nightmare — also because every single run lasted several
hours.

From the past to present.

Fortunately, some of the technology available today — and in HyperStudy — such as the Hammersley Method helps to overcome
(and avoid) the pain points described above.

So why is this old story relevant here?

The objective of this eBook (in fact, interactive PDF) is to demonstrate how to use Altair HyperStudy to perform Design of
Experiments (DOE) to solve challenges as described above in a much more efficient way, i.e. to identify critical design variables
and their contribution to the design performance more efficiently.

In this eBook, we will describe in some detail, how to perform a DOE study including

e  parameterization of models
e defining design variables and responses

e visualization of results, e.g. main effects, interactions, etc.

The content of this book follows quite closely an internal training about Design of Experiments (DOE) given by our colleagues
Fatma Koger and Joseph Pajot (Altair USA). The goal of the training was to bring beginners up to speed with the concepts of DOE
and, of course, with our software Altair HyperStudy.

Please note that a commercially released software is a living thing and so at every release (major or point release) new methods,
functionalities are added along with improvement to existing methods and functionalities. This document is written using
HyperStudy 14.130 except the videos; videos come from a variety of versions some of which are older. As such, there may be
some differences between what you see in your screen and what is described here but we certainly think and hope that these
differences will not be enough to distract you from using this guide as an effective learning material. If that is not the case, please
drop us a note with specifics of distracting discrepancies (or any feedback towards improving the quality of this book). Thank you in
advance for your efforts in making this e-book more effective.

We do hope that the selected video recordings from this training as well as some illustrative examples (tutorials) included in the
book will help you explore and appreciate the benefits of DOE in the simulation driven product design process.

Let’s get started!

Now, before you get started, please recall that regardless of the project complexity you are working on, the reliability of your results
is only as good as the person who uses the software: The solver is only capable of working with the problem that you define; it
cannot design the part for us and does not have engineering judgment, so the ultimate design decisions lie with YOU!
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A very popular statement which summarizes the above (and which is mentioned in many documents) simply says:
Garbage in, Garbage out.

To help you building up simulation experiences (and to overcome some typical roadblocks) we offer additional training & learning
resources such as:

e The free HyperWorks Student Edition

e An extended set of E-Learning material (webinars and videos), tutorials about HyperMesh, HyperView, RADIOSS,
HyperStudy etc. freely available in the Learning Library http://www.altairuniversity.com/learning-library/

e Additional free study guides about “Practical Aspects of Finite Element Simulation”, “Practical Aspects of Structural
Optimization”, “Practical Aspects of Multibody Simulation”, and “Crash Analysis with RADIOSS”
(www.altairuniversity.com/ academic program/)

e Learning & Certification Program (http://certification.altairuniversity.com/)

e Highly discounted seminars & workshops at colleges and/or at Altair facilities

e  An Altair moderated Support Forum (http://forum.altairhyperworks.com/) and much more

And now - enjoy this study guide and let us know whether DOE (and this book) helped you to successfully solve your design
challenges.

Best regards
Dr. Matthias Goelke

On behalf of “The Altair University Team”

Ode to DOE

]
-

Stepinde

P
i
% o

l/,,,,g

Three components in a system:

What will happen when | mix ‘em?

I wish | might, | wish | may

Have the answer yesterday.
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Outputs changing, lots of action.

Could there be an interaction?

| did my best to weigh it right,
but still an error came to light.
There are those times—I really hate ‘em,

When there’s a problem with a datum.

Some responses I've observed,

were modeled best by lines that curved.

Everything’s about to size.

Now’s the time to optimize.

The next assignment that you start,
Work half as long, but twice as smart.

R. C. Neuman

Teaching

Leading universities across the globe are using HyperWorks and SolidThinking computer aided engineering (CAE) simulation
software for teaching and research in the fields of:

e  Structural Analysis

e  Computational Fluid Dynamics (CFD)

e  Optimization

e  Multi-Body Dynamics/Simulation (MBD/MBS)
e Electro-Magnetic Field Simulation

e Numerical Methods & Programming

Altair has commercial expertise to share with the academic community. By including real life scenarios in your teaching material,
Altair can help you add value to your engineering design courses.

Our unique licensing system allows universities to use the entire (full version) HyperWorks & SolidThinking suite in a very flexible
and cost-efficient way as sketched out below:
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Teaching License

Entire Suite; no
limitations on
model size

On-site
—_— seminars/

demos

Teaching &

Certification Support

Non-
Program Complimentary commercial
Student Edition Freely accessible by research

other teachers (same
campus)

Professor 2
Professor 3
Professor 4

*Results may be used for marketing, training and/demo purposes

Since teaching differs from campus to campus, and from region to region we are very interested to discuss your needs with you
personally.

Please let us know your requirements by sending an email notification to altairuniversity@altair.com

We are more than happy helping and assisting you with your teaching activities.
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3 Disclaimer

Every effort has been made to keep the book free from technical as well as other mistakes. However, publishers and authors will
not be responsible for loss, damage in any form and consequences arising directly or indirectly from the use of this book. © 2021
Altair Engineering, Inc. All rights reserved. No part of this publication may be reproduced, transmitted, transcribed, or translated to
another language without the written permission of Altair Engineering, Inc. To obtain this permission, write to the attention Altair
Engineering legal department at:

1820 E. Big Beaver, Troy, Michigan, USA, or call +1-248-614-2400.
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4 Simulation Driven Product Design — Fundamentals

4.1 Product Design

Product design and manufacturing process has been developed over centuries. Many complex systems such as bridges, buildings,
aircrafts, cars, etc. are excellent outcomes of this process. This process involves trial-and-error design method in which an initial
design is created, tested and modified until a safe design is found.

In most cases, many designs can be safe designs but only one of them is the optimum design which is not only safe but also is the
best with respect to a given criterion. Being centuries-old, trial-and-error design method has been developed in the abundance of
natural resources and therefore does not directly aim to find the optimum design while it is searching for a safe design. As a result,
within the current design process determining the optimum design is an expensive task if not an impossible one as the process
does not have a systematic approach to analyzing and comparing different designs.

Let’s take a bridge design as an example. Function of a bridge is to facilitate the traffic between two areas that are separated by an
obstacle. There are requirements on its safety, cost, durability, maintenance, manufacturability etc. that need to be satisfied. Using
the trial-and-error method, engineers cannot evaluate all different possibilities with respect to these requirements and find the
optimum bridge design.

As a result, engineers usually adopt a previous design and modify this design until it meets the design requirements. Improvements
to increase its value are only made when a new similar design task is started. As a result, evolution of design systems in the past
required a lot of time and resources.

With diminishing natural resources, increasing market competition and increasing computational power, trial-and-error method is
being replaced by simulation driven design. In our (Altair's) simulation driven design approach, CAD (Computer Aided Design) and
CAE (computer aided engineering) are deployed in parallel. Simulation driven design searches not only for a safe design, but it also
searches for an optimum design allowing us to reach the best performing design, faster. In other words, the Simulation Driven
Design Process eliminates the randomness of the (classical) trial-and-error process.

Altair HyperStudy

Lesign Exploration

https://altair-2.wistia.com/medias/uqutjw1t17

Please note that Ul may have slight variations from what you are seeing due to different versions of HyperStudy.
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4.2 Design Objectives

Design performance can be defined as how well a product satisfies the design requirements. Design performance is a function of
design parameters. In the simulation driven design process, required design performance is divided into design objectives and
design constraints.

This is a critical step for the engineers as the outcome will heavily depend on the selection of the objective and constraints.

Let’s take a beam design as an example.

This beam is clamped on one end and has a concentrated static load, P, applied on the free end as shown above. We can change
the cross-sectional dimensions (H and W), length of the beam (L) and material (r). We can then formulate this problem in several
ways.

If we have a defined target on the maximum displacement, then we can identify the objective and constraints as:

e Objective min weight (L, H, W, r)

e Design Constraint Umax (L, H, W, r) < target displacement

If we need to improve its performance but stay also within a target weight, then we can to re-formulate the design problem as:
e Objective min weight (L, H, W, r)
e Design Constraint Umax (L, H, W, r) < target displacement

e Design Constraint weight (L, H, W, r) < target weight.

4.3 Design Process

In the simulation driven design process, ideally as many independent design parameters as possible need to be included since
large number of design parameters will create more flexibility in design search. However, in practice, we do not want to spend our
computation time on parameters that do not have a large impact on the design. As a result, a Design of Experiment (DOE) for
parameter screening is suggested as the first step. Once the problem size is reduced through parameter screening, depending on
the problem we can continue with metamodeling. In metamodeling, and fit is created to replace the expensive simulations or to
reduce the noise in the data. Then we can perform optimization either on the fit or on the exact model.

For the optimization stage, we can choose to do deterministic studies or probabilistic studies. If we choose the latter, we need to
proceed with reliability and robustness-based design optimization (RRBDO).
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So, in summary, the simulation driven design process steps are:
e Design of Experiment (DOE) for Screening to reduce problem size.
e DOE for space filling if metamodels are necessary
e Fit (Metamodeling)
e  Optimization (Deterministic or probabilistic)
e  Stochastic Analysis for Reliability

Before we dive more deeply into Design of Experiments, we will have a brief look at the other phases, namely Fit, Optimization, and
Stochastics.

4.3.1 Fit

Fit approach is used to create metamodels that represent the actual responses (“a metamodel or surrogate model is a model of a
model, and metamodeling is the process of generating such metamodels” Wikipedia)

They are used to:

e reduce computation time
e smoothen noisy functions so that the optimization algorithms work more effectively.
While working with fits instead of exact simulations, a tradeoff between accuracy and efficiency is ever present. Therefore, it is

critical to choose the right DOE method to create the design points as well as the fit method to be used.

Note: Metamodel, Response Surface Model, Surrogate Model, Approximation or Transfer Function are often used as synonyms for
Fit.

4.3.2 Optimization

Design optimization is the use of a collection of mathematical procedures that helps the engineers to achieve a design as fully
perfect, functional, or effective as possible.

There are three steps in converting a design problem to an optimization problem. These are:
1. Identify design variables:

e System parameters that can be changed to improve the system performance such as geometrical dimensions, hard-

point locations, damping properties etc.

2. |dentify objective function(s):
e System responses that are required to be minimized (maximized) such as mass, displacement, cost etc. These

responses should be functions of the design variables.

3. Identify constraint functions:
e  System requirements that need to be satisfied for the design to be feasible such as requirements on stresses,

displacements etc. These functions should also be functions of the design variables
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Depending on the nature of the design variables, objective functions and constraints; optimization problems can be classified into
different categories such as: constrained problems, discrete problems, multi-objective problems, reliability and robustness based
design problems, etc.

In general, there are two types of optimization techniques, iterative and exploratory. Iterative techniques can be either local
approximation techniques, or global approximation techniques. Local approximation methods require design sensitivity analysis
and are most suitable for linear static, dynamic and multi-body simulations. Global approximation methods are most suitable for
nonlinear problems as they are very efficient. Finally, exploratory methods are most suitable for discrete problems and nonlinear
simulations, but they are expensive as they require large number of analysis runs.

4.3.3  Stochastics for Reliability and Robustness Based Design

In real world, a design problem description is not deterministic; meaning that there is no one value for the loads imposed, for the
material properties used, for the dimensions manufactured but rather there is a range of values with associated variations that are
idealized using statistical distributions. Given the probabilistic nature of designs and the fact that optimization drives designs to their
limits; it is critical to include reliability and robustness during the design process for problems that are highly sensitive to these
variations.

Reliability is the ability of a system to perform and maintain its functions in routine circumstances, as well as unexpected
circumstances. Reliability-Based Design Optimization searches for a design that meets the required probability of feasibility given
the variations in manufacturing, operations, environment, modeling, etc.

Shifting the “mean of performance” to reduce the failure probability to the required level, i.e. reliability improvement

Robustness is the insensitivity of a design to the same variations as in reliability. In cases where variations in design and operating
environment result in the design performance deviation greater than the allowable deviation, it is critical for engineers to search for
a robust design. A robust design is one in which the variation in performance due to variation in design is within allowable limits.
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Shrinking the “variation of performance” to improve consistency of the product, i.e. robustness improvement

Reliability and robustness-based design optimization covers the requirements of the above two problem formulations as increasing
the probability of a feasible design while reducing the sensitivity of the design performances to variations.

Shifting the mean of performance and shrinking the variation of performance, i.e. reliability and robustness improvement

In cases where the design requirements are barely met, reliability may be compromised and could require one to optimize again
considering the reliability requirements. Similarly, if variations in design parameters cause high variations in the design
performance, search for a robust design becomes necessary. Note, however, that this is often a computationally expensive search.
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5 Design of Experiments (DOE)

5.1 What is DOE?

Design of Experiments (DOE) can be defined as a series of tests in which purposeful changes are made to the input variables to
investigate their effect upon the output responses and to get an understanding of the global behavior of a design problem.

Specifically, it is performed:

e To screen variables by looking for correlation between factors and responses, usually by running a factorial / reduced
experiment for a large number of factors with a few levels (as low as 2) for each.
e To construct a fit for an optimization or a stochastic study (to be computationally more effective a fit is used instead of

the exact solver).

In general, DOE study runs are independent of each other, so large-scale DOE studies can be run in parallel using parallel
processing techniques or using distributed processing techniques with load sharing clusters.

Transition from a single simulation to a multi-run design axploration.

|

Study Setup

Define Model
Define Dasign Variables
Evaluation
Define Responses

'

Study Approaches

Doe

‘ Fit

| Optimization

‘ Stochastic

Why
e Screaning

= Filling

How

* Use Fractional for a
screening study.

 Use Hammersley for a filling
study.

What
= Effects
= Interactions

= Correlations

= Box Plot

Why

+ Create metamodels to
replace expensive, noisy
simulations results.

How

+ Use an Input matrix from a
previous approach (DOE).

*The use of a Validation matrix is
strongly suggested.

* Use LSR or MLSM for
low nonlinearity & noisy
functions.

+ Use HK or RBF for highly
nonlinear, nonresidual
information.

What
« Diagnostics for trends

» Residuals for each design

« Trade-Off studias
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Use the map above to guide during the study setup process. Please be aware that this map does not outline every HyperStudy use
case.

Altair HyperStudy

DOE - Objectives

https://altair-2.wistia.com/medias/2b32bypi7I

5.2 DOE Terminology

Altair HyperStudy

DOE - Terminology

https://altair-2.wistia.com/medias/h37fIn2idz

Design of Experiments (DOE)

Is a structured, organized design/run matrix creation method that once run will be used to determine the relationships between the
different factors/variables (Xs) affecting a process and the output of that process (Y).
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Factors
Are system parameters (or design variables) that change the system performance. Factors can be controlled or uncontrolled.

A factor can be either Discrete i.e., slow (-) or fast (+) or Continuous i.e. temperature.

Variables

Are system parameters that can be changed to improve the system performance. Since this chapter is part of a design study
process, we will be using factors and variables interchangeably.

Levels

Are discrete (or continuous) values of the factor/variable. The values taken by in the range [-1; +1]. Number of levels per variable to
be considered depends on the level of non-linearity in the problem; for a linear model two levels are sufficient; for a quadratic model
three levels are needed.

Controlled factors

Are design variables that can be realistically controlled in the production (real world) environment. In HyperStudy, these are
assigned to a distribution role of Design or Design with Random; depending on whether they are deterministic or probabilistic
variables. Examples include gauge thickness of sheet steel, shape of a support bracket, and mold temperature.

Uncontrolled factors (Noise)

Are variables that cannot be realistically controlled in the production (real world) environment, but can be controlled in the lab. In
HyperStudy, these are assigned to a distribution role of Random parameter. Examples include ambient temperature and occupant
seating positioning.

Confounding

Is the inability to distinguish between main effects and interaction effects. Confounding occurs when a fractional design is chosen
instead of a full-factorial design. The consequence of confounding is that the values calculated for main effects will have error
coming from inclusion of higher order interactions in the calculation and interaction effects will be unknown. The amount of
confounding in a DOE is quantified by its resolution.

5.3 History

An interesting “story” about a systematic clinical trial to compare remedies for scurvy which constitutes a type of DOE is depicted
on Wikipedia (https://en.wikipedia.org/wiki/Design_of_experiments)

In 1747, while serving as surgeon on HMS Salisbury, James Lind carried out a systematic clinical trial to compare remedies for
scurvy. This systematic clinical trial
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Lind selected 12 men from the ship, all suffering from scurvy. Lind limited his subjects to men who “were as similar as | could have
them,” that is, he provided strict entry requirements to reduce extraneous variation. He divided them into six pairs, giving each pair
different supplements to their basic diet for two weeks. The treatments were all remedies that had been proposed:

e A quart of cider every day.

e  Twenty-five guts (drops) of vitriol (sulphuric acid) three times a day upon an empty stomach.
e  One half-pint of seawater every day.

e A mixture of garlic, mustard, and horseradish in a lump the size of a nutmeg.

e  Two spoonsful of vinegar three times a day.

e Two oranges and one lemon every day.

The citrus treatment stopped after six days when they ran out of fruit, but by that time one sailor was fit for duty while the other had
almost recovered. Apart from that, only group one (cider) showed some effect of its treatment. The remainder of the crew
presumably served as a control, but Lind did not report results from any control (untreated) group.

As we are looking at the history, one of course, needs to mention the work by Ronald Fisher (1927):

A methodology for designing experiments was proposed by Ronald Fisher, in his innovative books: The Arrangement of Field
Experiments (1926) and The Design of Experiments (1935). Much of his pioneering work dealt with agricultural applications of
statistical methods. As a mundane example, he described how to test the lady tasting tea hypothesis, that a certain lady could
distinguish by flavor alone whether the milk or the tea was first placed in the cup.

Thus, DOE started in testing and therefore classical DOE methods deal with testing behaviors and issues. Since then many
industries, like pharmaceutical, chemical, and manufacturing, have successfully applied DOE studies to their product development
process.

Lately, as DOE started to be adapted by CAE as an effective way of design exploration, more CAE-oriented methods such as Latin
Hypercube and Hammersley (see discussion below for details) have been developed. In a CAE model, for instance a sheet metal
forming model, factors such as thickness, shape design variables, and material properties can be changed to study their effects on
the model responses, and their respective interactions (if present at all).

For a casual reading on design of experiments versus design optimization, you can read Joe Pajot’s blog on

http://innovationintelligence.com/design-exploration-vs-design-optimization/

5.4 Inspirational and lllustrative Example of a DOE

]

The following example about a Bond Strength Study provides some good insight into DOE and its “power
explain some basic principles of DOE.

. In this chapter we also

In this project the following assumptions were made:

e Temperature, pressure, and adhesive viscosity affect bond strength
e We have some control over temperature, pressure (controlled factors)
e We do not have control over adhesive viscosity (uncontrolled factor)

e Temperature changes between 70-210 degrees
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e Pressure changes between 30-45 psi

e Bond strength is assumed to be a linear function of both temperature and strength within these ranges of temperature
and pressure

e As aresult, a two-level DOE is enough to study the effects of temperature and pressure on strength

We know that temperature, pressure, and adhesive viscosity affects the bond strength and we need to figure out which temperature
and pressure settings produce the highest and most robust bond strength.

In our lab we are able to control pressure and temperature but not viscosity. Viscosity is the property of the adhesive material which
is already purchased and so we do not have control over its settings. Since we can’t control viscosity setting (which has an effect
on the strength or performance), this variable is called an uncontrolled factor. Pressure and temperature are consequently called
controlled factors. Hence, we are going to focus in this study on the factors we can control, temperature and pressure. Of course,
this makes our lives easier ...

The temperature is assumed to vary between 70 and 210 degrees, the pressure is assumed to vary between 30 and 45 psi.
Further, we assume that the bond strength is a linear function of both, temperature and pressure.

This may also be expressed as a study consisting of two variables, or factors (i.e. Temperature & Pressure). Their values may be
set to a lower and upper bound (lower and upper level), respectively. Hence, we are looking at a 2 factor 2 level experiment/ study.
This is also called a two-level Design of Experiment.

5.41 Effects

To understand the effects of the factors and the respective level we assume the following set of experiments (or runs):

Table of experiments

1 70 (level — 1) 30 (level — 1)
2 70 (level — 1) 45 (level — 1)
3 210 (level — 1) 30 (level — 1)
4 210 (level — 1) 45 (level — 1)

In the first experiment temperature and pressure are at their lower bounds: 70 degrees and 30 psi. The lower bounds are named
Level -1. Note, Level 1 and Level -1 may also be named level 0 and 1.

In the second experiment the pressure is set to its upper bound, 45 psi which corresponds to level 1. The temperature is kept at its
lower value 70 degrees (level -1). This experiment will give us an understanding on how the pressure change (increase) affects the
bond strength while keeping the temperature at its lower value.

In the third experiment the temperature is raised to its upper bound 210 degrees (level 1) and the pressure is set to level -1 (lower
value of 30 psi)

And finally in experiment 4, both factors are set to their higher bounds, level 1, respectively.
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Thus, experiment 1 and 3 will give an understanding on how the temperature change (while keeping the pressure at its lower level)

is impacting the bond strength.

With experiments 2 and 4 we look at the effects of temperature increase (set to level 1) while the pressure is at its upper bound

(level 1).

The results of these experiments will tell us how the temperature (factor), how the pressure (factor) as well as a combination of
temperature and pressure change affect the strength of the bond. In other words, we study the effects of the factors as well as their
interaction, meaning how they influence each other.

In the image below the strength values as determined through the experiments are listed.

Experiment Temperature (degree) | Pressure (psi) Strength (Ibs)
1 70.000000 30.000000 8.0000000
2 70.000000 45.000000 26.000000
3 210.00000 30.000000 41.000000
4 210.00000 45.000000 42.000000

Measured bond strength values

In Experiment 1 where both variables (factors) where at their lower bounds (level -1) the strength is 8 Ibs. In Experiment 4, with
both factors at their upper bound (level 1) the strength is 42 Ibs. and so on.

The same results may be shown in a Scatter Plot (taken from HyperStudy)

Pressure

}Térhp

s

erature
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Stergth

Measured bond strength (with respect to changes in temperature and pressure)

In the lower left corner of the plot, the temperature and pressure is at its lower bound (level -1), in the upper right corner

temperature and pressure are at their upper bounds (level 1), etc.

In the next step the effects of each variable/factor and their interaction (with each other) on the strength is plotted.

= Stength
e oct.

= Swengh

Strength
g gt
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Main effects plot

The above chart is called “Effects Plot”. But how do we get these charts?
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First, we try to understand the effect of temperature on its own.

The effect of temperature on strength (framed in dark color in the image above) is determined by averaging the strength values
when temperature is high and subtracting the averaged (mean) strength when the temperature is low.

Effect of Temperature on strength:

(42+41)/2 — (26+8)/2 = 24.5 Ibs.

The same math is done to understand the effect of pressure on strength (marked in light green):
That is mean value of strength when pressure is high — minus mean value of strength when pressure is low:
Effect of Pressure on strength:

(42+26)/2 — (41+8)/2 = 9.5 Ibs.

So, what does these numbers tell us at all?

Look at the temperature plotted in the upper chart. Start point is level -1 (lower temperature bound) with a mean value of 17.0 Ibs.
At level 1 (upper temperature bound) the mean value is 41.5 Ibs. The difference (gradient) between upper and lower level is 24.5
Ibs.

We redo the same considerations regarding the pressure effect. Lower bound is 24.5 Ibs., upper bound 34 Ibs. The difference
between upper and lower level is 9.5 Ibs.

As reflected by the gradient of the graphs, the temperature (higher gradient) has a greater impact on strength than pressure.

5.4.2 Interactions

In the chart below the x-axis refers to pressure, ranging from 30 to 45 psi. The y-axis is strength ranging from 8 to 42 Ibs.

At 70 degrees:

Level 1 - lower left corner pressure 8 Ibs.
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Level 2 — upper right corner pressure 26 Ibs.
At 210 degrees:
Level 1 - lower left corner pressure 41 Ibs.

Level 2 — upper right corner pressure 42 Ibs

T
|—® — nteraction

Interaction plot

So, we plot the effect of pressure on the strength at a constant temperature of 70 degrees and 210 degrees, respectively.

As the plotted lines in the chart are not parallel, it tells us that there is an interaction between the factors pressure and temperature.
In other words, if both curves were parallel then the effect of temperature on strength would always be the same, regardless of the
pressure.

To see (from a more numerical point of view) whether the curves are parallel or not, just determine the difference of the gradients of
both curves (gradient of red curve — gradient blue curve):

Effect of Pressure when Temperature=210 is (42-41)/2=0.5
Effect of Pressure when Temperature=70 is (26-8)/2 =9
Interaction of Temperature on Pressure is = (0.5-9)/2=-8.5

Quite obvious the effect of pressure on strength at a constant temperature of 70 degrees is bigger (or more important) than at
higher temperatures.

Moreover, we can also derive from the chart that at low pressure and low temperature the interaction between both variables/
factors is most pronounced, i.e. for lower pressure and lower temperature we get the most negative interaction between both
variables/factors.

In contrast, looking at the upper red curve, the gradient is quite small indicating a rather robust situation/relationship between
temperature and pressure, and hence resulting in a better bond!

Question: But what does this finding tell me at all? What do we need to do to get the most robust bond strength?

Answer: If we have the budget to control one factor, then we should concentrate on Pressure!?
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Sure? Wrong answer!
We should concentrate on temperature!

Thus, if the goal is to have a robust and high strength bond, then we should aim for a temperature of 210 degrees in combination
with high pressure (upper right corner of the chart).

Quite obviously, this was a rather small size experiment with two variables (factors) with two levels (lower and higher settings). As
seen in the table above, 4 experiments where needed to investigate all different combinations:

Level factor =22 =4

In most design projects, however, we are confronted with many more variables. The number of designs (experiments) that cover all
possible combinations of design variables and levels

# of designs = (2# of DVs with 2 levels) (3 # of DVs with 3 levels) (4 # of DVs with 4 levels)

Scary enough, the number of designs grows very fast with the number of design variables.
For instance,
7 designs variables; 2 at 2 levels, 4 at 3 levels, 1 at 4 level
# of designs = 223441 = 1296 runs
This result immediately provokes the question: Do we have the time, capacity, budget etc. to run all these 1296 experiments?
What if we pick a smart affordable subset of the full set (=1296), can we still capture enough information?
But how should we select the subset then?

This challenge has led to the development of a broad range of Design of Experiment methods as we always aim to maximize the
information about the system while investing minimum effort! (sounds familiar as this “wishful thinking” applies not only to product
design).

When applying DOE in our CAE projects the latter situation, i.e. many design variables, in combination with limited budget is quite
common

To summarize the above introduction
DOE is applied (and strongly recommended):

e To determine which factors are most influential on the responses.
e To construct an approximate model that can be used as a surrogate model for the actual computationally intensive

solver.

5.4.3 Confounding

Confounding occurs when two factors are associated with each other or “travel together” and the effect of one is confused with the
effect of the other. For example, in order to improve team performance, a soccer coach asks his team to run two miles a day while
the players decide to take vitamins. In this case the effects of running two miles a day and taking vitamins will be confounded since
it will not be possible to identify the effect of them on team performance independently.

In other words, confounding is the inability to distinguish between main effects and interaction effects.
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Confounding occurs when a fractional design is chosen instead of a full-factorial design.

The consequence of confounding is that the values calculated for main effects will have error coming from inclusion of higher order
interactions in the calculation and interaction effects will be unknown.

To better illustrate this situation, we are looking at the example from the introduction again:

Experiment Temperature (degree) | Pressure (psi) Strength (lbs)
1 70.000000 30.000000 8.0000000

2 70.000000 45.000000

3 210.00000 30.00000

4 210.00000 45.000000 42.000000

Some experiments are purposely excluded from the study

42

Pressure

" Temperature

Assuming that we can’t afford to run 4 experiments (as we did before) but only 2. We then may would (rather arbitrarily) delete/
remove/neglect experiment 2 and 3.

Then the effect of pressure and/temperature on the bond strength would be:
Effect of Temperature on strength:

(42) — (8) = 34 Ibs.

Effect of Pressure on strength:

(42) — (8) = 34 Ibs.

By neglecting the other 2 experiments we confounded the effects of temperature and pressure because we can'’t distinguish their
relative importance anymore, i.e. we can't tell/see the effects of pressure and temperature on the strength independently.

Let’s look at the consequences if we would select two other experiments: Experiment 1 and 2 are neglected. Obviously, this
selection of experiments allows us to investigate the effects of pressure on the bond strength only; because the experiments are
conducted at a constant temperature of 100 degrees.
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Experiment Temperature (degree) | Pressure (psi) Strength (lbs)
1 70.000000 30.000000 8.0000000

2 70.000000 45.000000 26.000000

3 210.00000 30.000000

4 210.00000 45.000000

Effect of Temperature on strength:
0 Ibs.
Effect of Pressure on strength:
(26) — (8) = 18 Ibs.

The effect of temperature on strength is zero because we didn’t investigate the effect of temperature.

What did we learn from the above?

We started with a very detailed design (4 runs, full factorial), then to 2 runs (pressure and temperature) which gave some indication
on their effects on the results (strength) to the last study in which temperature was constant. The latter study, however, yields the
least accurate results, i.e. a misleading result.

Hence, picking the correct set of experiments out of a larger number is very important. The good thing about it: You are not left
alone with this — HyperStudy helps you defining/selecting the right experiments!

5.5 DOE Study Types

Altair HyperStudy

DOE - Applications

https://altair-2.wistia.com/medias/mbcr7voc3r
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DOE studies can be classified according to their functional applications:

e DOE for Screening
e DOE for Space Filling (more used for CAE specific applications)

e User Defined

DOE for Screening: — DOE for Space Filling:

Objective S Objective R }-,
+ Global understanding h * Fewer factors -~

+ Lower precision

Types
+ Full Factorial
+ Fractional Factorial - Resolution IV Types
+ Plackett-Burman

Model of relationships
Accurate prediction
Optimization

Box-Behnken

Central Composite Design

* Latin HyperCube Sampling

Hammersley Sampling

Method of Extensible Lattice Sequences

User Defined:
Objective

Use own data
*  Use own method
Types

None
= User-defined or run matrix

DOE study types and their typical applications/use cases

5.5.1 DOE for Screening

A DOE study for screening (a two-level design with no interactions, for example) will provide a global understanding of the complete
system (giving the magnitude and direction of effects). This initial screening exercise will allow parameters not influencing the
system to be discarded, thereby reducing the number of factors and runs. The drawback of a screening DOE is that it is of lower
precision.

Types: Full Factorial
Fractional Factorial (takes subsets of full factorial)

Plackett-Burman

5.5.2 Full Factorial - Screening DOE

A full factorial DOE evaluates responses for all combinations of design variable levels. This will tell us all the effects and
interactions but for cases with large number of design variables and levels, the total number of runs becomes large.

In other words, this method may be practical for cases where there is a small number of factors (e.g. 3 factors) and each factor has
two levels such as yes or no; -1 or 1 (X1 varies between -1/1; X2: -1/1; X3: -1/1)

Full factorial is not practical for most CAE applications where there are many factors possibly at several levels and the simulations
are costly.
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Full factorial study with 3 variables with 3 levels

Full Factorial Study (i.e. create all the combinations) with 3 variables with 3 levels ends up in 33 = 27 design runs (depicted by the
bold nodes in the image)

Usability Characteristics

e For a case with k design variables, each at L levels, a full factorial design has Lk runs. For studies with a large
number of design variables and levels, the total number of runs is larger. For example, for a study with eight factors
and each with three levels, 6561 runs are needed (38 = 6561).

e If the number of levels is not equal across variables, then the total number of runs is calculated by the product of the

Lk terms.

For example, consider eight variables: five variables with two levels, two variables with three levels and one variable with four
levels. The number of full factorial runs is 1152 = 25 * 32 * 41,

Number of design variable with 2 level S

Number of design variable with 3 level 2

Number of design variable with 4 level 1
Total number of runs 25*32* 41

The following picture illustrates the full factorial run matrix for a three-variable problem (variables A and B have two levels and
variable C has three levels).
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Run Design Variable Name| A B C
i Design Variable Level | 2 2
Number of Runs 22x3'=12

1 1 1 1
2 1 1 2
3 1 1 3
4 1 2 1
5 1 2 2
6 1 2 3
7 2 1 1
8 2 1 2
9 2 1 3
10 2 2 1
11 2 2 2
12 2 2 3

5.5.3 Fractional Factorial - Screening DOE

Altair HyperStudy

DOE — Factorial Methods

https://altair-2.wistia.com/medias/jv4nw4q0wb
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Fractional factorial DOE is a factorial experiment in which only a chosen fraction of the combinations required for the full factorial
DOE is run. Fractional factorial designs are used to reduce the number of runs required to extract pertinent information about the
main effects and two-factor interactions. The green dots in the image below illustrate the combinations a Fractional factorial design
considers.

Three one-third fractions of the 3-factorial design (9 points)

This reduction in computational effort comes at the cost of an inability to completely resolve all of the main effects and interactions.
Higher order interactions are often confounded with each other and, in some cases, can be confounded with the two-factor
interactions. For example, for factors A, B, and C, each at two levels, only four runs would be required to resolve the main effects.
However, all of the two-factor interactions would be confounded with the main effects (A:BC, B:AC, C:AB). Explanation: A:BC may
be read as: Main Effect of factor A is confounded/blended with the interaction of B and C.

When applicable, the orthogonal arrays from other schemes, such as Plackett-Burman or Taguchi, are used internally to reduce run
count.

The amount of confounding in a Fractional Factorial design is classified by its resolution. Resolution describes the degree of main
effect confounding with interactions such as resolution 11l confounds main effects with 2-level interactions (hence there is no
resolution | or Il). For our purposes, resolution IV is a good balance between accuracy and effort.

The types of resolutions available in HyperStudy are:
I1l: The effects are resolved with respect to each other, but all of the effects are confounded with the two-factor interactions.

IV: The effects are resolved with respect to each other and the two-factor interactions, but the two-factor interactions are
confounded with respect to each other

V: The effects are resolved with respect to each other and the two-factor interactions, and the two-factor interactions are resolved
with respect to each other

Usability Characteristics

e  The desired resolution will determine the number of runs in the DOE

e Resolution type Ill should only be used on applications in which the interactions are known to be small with respect to
the effects. This makes the confounding unimportant

e When all variables have only two levels and the resolution is type lll, avoiding the confounding between the effects

and specified two-factor interactions can be achieved by using the Interactions tab
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e The techniques used to generate the run matrix work most effectively when variables have the same number of levels
e In HyperStudy, any data in the inclusion matrix is combined with the run data for post-processing. Any run matrix point

which is already part of the inclusion data will not be rerun

Settings

In the Specifications step, you can change the following settings of Fractional Factorial from the Settings tab.

“

Select the resolution of the

Resoluti ] ", Iv, v
esolution 1V, DOE

Depends upon the selected

Number of runs (npt) resolution

Any positive integer

Concatenation with
duplication between the
inclusion and the generated
run matrix

Use inclusion matrix False True or False

5.5.4  Plackett-Burman - Screening DOE

When a large number of factors needs to be screened to identify the ones that may be important (i.e., those that are related to the
system performance), we need to employ a design that allows us to test the largest number of factor main effects with the least
number of observations.

Plackett and Burman developed highly fractionalized designs to screen the maximum number of (main) effects in the least number
of experimental runs in case of two-level factors. Plackett-Burman designs are very economical designs (with the run number a
multiple of four rather than a power of two) and are efficient in screening when only main effects are of interest. This is because the
main effects in a Plackett-Burman design are, in general, heavily confounded with two-factor interactions. The Plackett-Burman
design in 12 runs, for example, may be used for an experiment containing up to 11 factors. PB can only be run for two-level designs
and in HyperStudy it cannot be used with more than 13 design variables.

Some important characteristics:

e  Only main effects, no interactions

e  Only two-level variables can be used

e Two level saturated fractional factorial designs
e Number of runs (N) is always a multiple of 4

e  Are used for studies involving up to (N-1) design variables. The maximum number of variables you can use is 35
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e Best suited for problems where the interactions are expected to be minimal and the main effects dominate

[ Run A B C D E F G H I J K
1 + - + - - - + + + - +
2 + + - + - - - + + + -
3 - + - - + - - + + +
4 + - + + - + - - - + +
5 + + - + + - + - - - +
6 + + + - + + - + - - -
T - + + + - + + - + - -
8 - - + + + - + + - + -
9 - - - + + + - + + - +
10 + - - - + - + - - + -
1 - + - - - + + + - - --
12 - - - - - - - - - - -

Example DOE with 12 variables

5.5.5 DOE for Space Filling - DOE for Response Surface Evaluation

Altair HyperStudy

DOE - Applications — Space Filling

https://altair-2.wistia.com/medias/prfocgu86p

The objective of DOE studies for response surface evaluation is to uniformly distribute the design points in the design space in
order to feed into a fit method for accurate prediction of the the model behavior. The studies are performed with only a few factors
to obtain higher order response surfaces. This fit can then be used in optimization, stochastic studies and to do quick what-if
analysis.

In CAE, the models are already (and becoming even more) demanding, especially if one looks at computer run times. Crash
models and especially CFD model runs may last several hours, maybe even days.

Types: Box-Behnken
Central composites
Latin Hypercube

Hammersley
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Method of Extensible Lattice Sequences

5.5.6 Box-Behnken - Space Filling DOE

Box-Behnken designs are used to generate higher order response surfaces using fewer required runs than a normal factorial. Box-
Behnken designs place points on the midpoints of the edges of the cubical design region, as well as points at the center.

A Box Behnken Design for three factors (13 points)

Some characteristics:

e Box-Behnken designs place points on the midpoints of the edges of the cubical design region, as well as points at the
center

e The Box-Behnken design is nearly the opposite of a central composite plan in that it uses the twelve middle edge
nodes and three center nodes to fit a 2nd order equation

e Box Behnken allows a second order surface to be generated through the points but requires less points than Central
Composite Design (see below)

e Should not be used when accurate predictions at the extremes are important

e  Only available when all design variables have 3 levels

e It doesn’t explore the corners of the design space which may be considered an disadvantage of Box Behnken

5.5.7 Central Composite Designs - Space Filling DOE

The Box-Behnken design and the Central Composite Design can be visualized as near compliments of each other. They both
essentially suppress selected runs from a full factorial matrix in an attempt to maintain the higher order surface definition. For
example, for 3 three-level variables, the full factorial run size is 27 (=33). The central composite plan drops all of the middle edge
nodes, resulting in only fifteen runs. The Box-Behnken design is nearly the opposite in that it uses the twelve middle edge nodes
and the center node to fit a 2nd order equation. Central Composite plus Box-Behnken becomes a full factorial with extra samples
taken at the center.
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@ Central point

Central Composite Design for 3 design variables at 5 levels (15 points)

Preset name

Axial distance No of center

runs
Rotatable 2 User defined
Orthogonal 1.41421 User defined
Rotatable & Orthogonal |2 12

On Face 1 User defined

User Defined

User defined

User defined

Some characteristics:

J\ ALTAIR

e For building a second order (quadratic) model without needing to use a complete three level factorial experiment.

e Parameters:
e Number of center runs

e Axial distance of star pts from center

e Total runs = 2k + 2k + N center points (k = design variables)

e HyperStudy has a limit of 20 design variables when using CCD

From a user experience (personal view of course) it is not used often, also because it is rather tricky to find out (or define) the axial

points outside the design space

5.5.8 Latin Hypercube - Space Filling DOE

A square grid containing sample positions is a Latin square if, and only if, there is only one sample in each row and each column.

A ALTAIR Altair Engineering, Inc. All Rights Reserved. / altair.com / Nasdaq: ALTR / Contact Us

36


http://altair.com/
https://www.altair.com/contact-us/

eBook / Introduction into Design of Experiments DOE with HyperStudy™ A A LTA I R

Latin hypercube sampling
(10 points located at random)

Latin Hypercube sampling 10 points

Some characteristics:

e Use case: If you can afford for instance to run 10 designs, then each design variable is split into 10 levels. Then the
method picks a combination of design variables in such a way that no one value is used twice. This situation (or call it
selection is depicted in the image). Of course, the more points we have, the better populated the design space will be.

e  Default=Minimum runs for an approximation = 1.1x ((N+1)*(N+2))/2, where N = number of factors (don’t go below this
default number of runs)

e Recommended number of runs for most approximations = 1,1(N+1)*(N+2)

e Each design variable is divided into same number of levels (which is also equal to the number of runs)

e Each design variable value is used once

e Latin Hypercube may not sample the limits of the design space

Latin Hypercube design is especially useful in exploring the entire design space and creating fitting functions to the exact re-
sponses. To get a good quality fitting function using an LH DOE, a minimum number of runs should be evaluated. (N+1)*(N+2) runs
are needed to fit a second order polynomial. Most responses are close to a second order polynomial within the commonly used

design variable ranges of -+10%. As a result, we recommend this equation to calculate the number of runs needed or a minimum of
1.1 ((N+1)*(N+2))/2 runs where the coefficient 1.1 is to increase the minimum number by 10% for cross-validation.

5.5.9 Hammersley - Space Filling DOE

Hammersley works in similar way to Latin HyperCube. Hammersley uses a quasi-random number generator, based on the Ham-
mersley points, to uniformly sample a unit hypercube.
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°% (1] 100 122 136 15 17 178 1% 206 22

Latin HyperCube Hammersley

Some characteristics

e This technique generates a design similar to the Latin Hypercube but also attempts to distribute the points evenly
within the design space
e This provides the best general-purpose DOE type for the generation of an approximation
e Minimum runs for an approximation =1.1 (N+1)*(N+2))/2, where N = number of factors
e Recommended number of runs for most approximations = 1.1(N+1)*(N+2)
Hammersley has a better coverage of the design space than Latin HyperCube. Look at the image above, in the Latin HyperCube
you see more a kind of clustering of design points than in Hammersley; also, there are quite some “white”, i.e. uncovered areas.

From a use case perspective, Hammersley is typically used for space filling DOE’s as it has a better design matrix. If the number of
allowed runs is increased both Hammersley and Latin HyperCube “converge”

Latin Hypercube (left) and Hammersley (right) for 100 runs
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A summary on the last two methods is provided in the following recording

Altair HyperStudy

DOE — Latin Hypercube / Hammersley

https://altair-2.wistia.com/medias/r9ioggblnn

5.5.10 Modified Extensible Lattice Sequence (MELS) — Space Filling DOE

Note: This method is available with HyperStudy starting version 14.130

A lattice sequence is a quasi-random sequence, or low discrepancy sequence, designed to equally spread out points in a space by
minimizing clumps and empty spaces. This DOE type also has the property of extensibility, which means the method can take an
existing set of data in a space and add more data points to provide equal coverage. This property makes lattice sequences an
excellent space filling DOE scheme. The number of runs is specified by the user.

Usability Characteristics

e Use for exploring the entire design space and creating fitting functions to the exact responses. It is the recommended
default space filling scheme

e To get a good quality fitting function, a minimum number of runs should be evaluated. (N+1)(N+2)/2 runs are needed
to fit a second order polynomial, assuming that most responses are close to a second order polynomial within
the commonly used design variable ranges of -+10%. An additional number of runs equal to 10% is recommended to
provide redundancy, which results in more reliable post-processing. As a result, this equation is recommend to
calculate the number of runs needed or a minimum of 1.1*(N+1)(N+2)/2 runs (in other words, minimum number of
suggested runs in space filling DOEs is 1.1 times Hammersley or Latin HyperCube)

e Add existing data to the inclusion matrix to use the extensibility feature. While any data can be used as an inclusion,

the best performance can be expected when the inclusion is an existing data set from a MELS DOE
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Settings

In the Specifications step, you can change the following settings from the Settings tab (see summary next page).

Parameter Default Range Description

> 0 integer |Number of new designs to be evaluated.
LIV + 1)(N +2)

Number of runs 5

1 Integer Controls the repeatability of runs,

depending on the way the sequence of

Random Seed 0to 10000 |[random numbers is generated.

0 random (non-repeatable)

>0 triggers a new sequence of
pseudo-random numbers,
repeatable if the same number is
specified.

false true or false |The use of an inclusion matrix will
trigger the DOE to be extensible as it
tries to fill in the space already covered
by the existing data set.

Use Inclusion

5.5.11 User-Defined Design

Altair HyperStudy

DOE — User Defined

https://altair-2.wistia.com/medias/e9joole6gf

The user-defined design allows you to load your own design to perform parametric studies. The user-defined design is read in by
HyperStudy and is used like any other design. The advantage of using a user-defined design is that you can create your own
design based on individual requirements. You must specify the number of runs (rows) and the number of columns (=variables) in
the specified matrix in the first row. Variable values are defined as the level. Spaces, tabs, or commas can delimit the individual
elements of the matrix.

The user defined matrix uses integers to represent the corresponding level of the variable. This is in contrast to the run matrix DOE
(see further below), which contains exact values of the variables.
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An example of a user-defined design is shown below.

5.5.12 Run Matrix

) LD LD B B B = = = [NO

) B = LD B == LD | B = LD

(oall LENN SN0 Lo | SN) (WR) LR | SN Do

J\ ALTAIR

First row — number of runs / designs; number of variables; 1=level 1, 2= level 2, 3= level 3

When you are using Run Matrix, you can use your own design matrix to perform parametric studies. The run matrix is read in by
HyperStudy and used as is. The advantage of using a run matrix directly is that you can create your own design based on indi-
vidual requirements. The matrix does not have to fit any DOE type requirements. It can be used to automate a parameter study.
The run matrix uses exact values of the variable. This is in contrast to the user defined DOE, which contains integers to repre-sent
the corresponding level of the variable. It is not necessary to utilize all designs in a study. Designs that are not desired can be
turned off from the Write/Execute runs panel. Spaces, tabs, or commas can delimit the individual elements of the matrix. The rows
define the different designs; the columns define the design variables.

An example of a run matrix is shown below:

5.5.13 None

1.0 2.0 1. 3.0 2. 40
4.1 43 4.5 4.6
6.7 8.1 10.0 11.0
172 1.0 1.0 3.0
.02 0.4 0.5 1.7
3.4 2.1 i3 9.1

The Run Matrix uses exact values of the variable. Rows=runs; columns=design variables

Again, allows to define your own matrix, this time however, you are using Test Data consisting of variables (DV) and responses R1

(=results, measured values)
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DV1

DV2

R1

150

52

47

132

98

54

198

42

67

5.5.14 Summary DOE Study Types / Methods

A summary of the above summarized methods is shown in the graphs below (taken from the Online Help).

J\ ALTAIR

Factorial

2or3

Select the
appropriate
resolution.

Resolution indicates the
level of accuracy of the

interactions. Interactions
should not be used with
Resolution III.

Full Factorial i

Requires a high number of
simulations and is therefore
unsuitable for most studies.
Total number of runs should
be less than 1,000,000.

'You can either
click Apply for
AutoSelect or
select a table
using the
Design pull-
down menu.

Computationally least
expensive. Number of points
can be 12, 20, 24, 28 or 36.
Selecting Autoselect will
pick pbdgn12 if N<12, where
N is the number of design
variables; pbdgn20 if 12<=N
<20, etc. Limited to 35
design variables.
Categorical variables must
have exactly two levels.

Use this method when the
responses are known to be
quadratic. Limited to 20
design variables.

You can either
click Apply for
AutoSelect or
select a table
using the
Design pull-
down menu.

Use this method for building
quadratic response surfaces
if the responses are known
to be quadratic and
predictions are not required
at the edge of the design
space. Number of points
can be 13, 25, 41, 49. 57.
Selecting Autoselect will
pick bbdgn13 if N <4, where
N is the number of design
variables; bbdgn2s if N=4,
bbdgn41 if N=35, etc.
Limited to 7 design
variables. Discrete variable
must have at least 3 levels.
Categorical variables must
have exactly 3 levels.

You can either
accept the
default number
of runs or enter

a different value.

Use this method when the
response surface is highly
nonlinear. The default
number of runs is
1.1%((N+1)*(N+2))2, where N
is the number of design
variables. You must
maintain the value of the
random seed in order to get
repeatable designs.
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continuation

2\ ALTAIR

Use this method when the
response surface is highly
Modified You can either |nonlinear. This method is a
Extensible accept the better space filler than Latin
Lattice Any default number |Hypercube. The default
Sequence of runs or enter |number of runs is
(MELS) a different value. |L1*(N+1)*(N+2))2, where N is
the number of design
variables.
Use this method when the
response surface is highly
You can either |nonlinear. This method is a
accept the better space filler than Latin
Ham Any default number |Hypercube. The default
of runs or enter |number of runs is
a different value.|1.1%((N+1)*(N<2))2, where N
is the number of design
variables.
e The levels of each variable
choose 2
Taguchi Varies AutoSelect or a |Must be set accordingly to
specific design ensure compabity v_ﬂth a
bt specific design matrix.
Use this method to create a
w Any Sdr:i;mﬂz design matrix using abstract
Design pe . variable levels.
Any Select the ::e. the m::lod'to ;:tr:atle -
Run Matrix sign matrix using litera
pertrd fle. variable values.
None
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6 Introduction to HyperStudy

HyperStudy enables you to explore, understand and improve your system’s designs using methods such as design-of-experiments
and optimization. HyperStudy generates intelligent variations of the parameters of any system model and reveals relationships
between these parameters and the system responses. By using HyperStudy, you can make better decisions and optimize the

performance, reliability and robustness of your systems.

In other words, with direct connections to Altair's Solvers, interfaces to several other solvers, and the ability to interface with any
solver, HyperStudy is the tool when it comes to DOE, Optimization, and Robust Design.

Altair HyperStudy

What you can do with HyperStudy

https://altair-2.wistia.com/medias/hadvekycdk

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 and multi-physics environments. It can also be used for multi-disciplinary
optimization of a design combining different analysis types.

Altair HyperStudy

Why?

https://altair-2.wistia.com/medias/a7oa6ekru7
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If you have set up a model in HyperMesh, for example, you can invoke HyperStudy which then has direct access to model
variables. If you're using a solver that has a text input file that cannot be read to HyperMesh, you can parametrize it using the
HyperStudy editor.

HyperStudy uses its interfacing abilities both to generate additional input files for the solver (with varied design) for each
experimental measurement, and to read in evaluated responses.

Finally, if you’re working with a solver that has no existing interface to HyperMesh or HyperGraph, you could use the Templex
programming language to build a custom interface.

The models can be parameterized very easily. Besides the typical definition of solver input data as design variables, the shape of a
finite element model can also be parameterized with ease through HyperMorph; morphing technology in HyperMesh.

HyperStudy Post-Processing module contains display, analysis and data mining capabilities that helps engineers to overcome the
challenging task of extracting relevant information from multi-run studies. With its unique and powerful suite of tools, simulation
results can be analyzed, sorted and studied effectively in HyperStudy.

Specifically developed for design of experiments (DOE), stochastic simulations, and optimization techniques, HyperStudy users
can:

e Gain insight into the physics of a design
e Assess the robustness of a design for controlled or uncontrolled variations in the design parameters

e  Optimize a design for multi-disciplinary attributes

Our colleague Ken Mix summarized some key aspects of and about HyperStudy in the following video recording.

Altair HyperStudy

OverView

https://altair-2.wistia.com/medias/dOm4p4xhie

6.1 HyperStudy Benefits

1. Provides engineers with an easy way to study effects of design changes for complex analysis events.

2. Allows engineers to assess the robustness of designs and provides the guidance necessary to achieve robust designs.

A ALTAIR Altair Engineering, Inc. All Rights Reserved. / altair.com / Nasdaq: ALTR / Contact Us 45


http://altair.com/
https://www.altair.com/contact-us/

eBook / Introduction into Design of Experiments DOE with HyperStudy™ A A LTA I R

Allows engineers to perform multi-disciplinary optimization studies for different attributes of a design.
Allows engineers to perform system identification and correlation studies of designs;

Complements existing CAE software with added functionality and direct interfaces to major solvers.

o o > w

Minimizes time-to-market by identifying design direction for difficult problems

The HyperStudy benefits are summarized by Fatma Koger (Altair) in the next video

Altair HyperStudy

Benefits

https://altair-2.wistia.com/medias/041rhhu2a7

6.2 Before the Study

Remember that one of the main reasons we are using HyperStudy is that CAE is quite computationally intensive. It is prudent,
therefore, to spend some time planning your attack strategy. Without adequate planning, it is easy to find you have invested more
time and effort than you had intended to.

As with all experiments: Too much data is a reduced return on investment (more effort but no new information). In contrast, the
negative side from having too little data is poor results (which makes the efforts wasted). The effort involved in collating and
interpreting results is all too often underestimated. To make things easier for you, HyperStudy follows a “wizard” approach. That is,
the interface provides the various functions as a step-by-step sequence, ensuring that you complete the steps in the correct order.

Even before you start building your model, you should be clear on the answers to the following:

o What are the mathematical properties of the design variables? Are they continuous, discrete, discretized, integers,
etc.? These will take a role in determining which methods are applicable or more effective. Are the objectives and
constraints suitable? Are they physically meaningful? What are their mathematical properties?

e Can the responses be measured quantitatively? What accuracy is required for a meaningful experiment?

e Are there any effects that should be deliberately blocked or omitted? Should a screening-run be performed to verify

assumptions on importance? What levels should be used for the screening run?
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e  Which effects will be aliased or confounded by the screening run? Are they important?
e  What should the sequence of experiments be? Can the results of the first experiment be used to create the second,
and so on?
e How will findings be confirmed?
e Last but not least did you line up your resources for these experiments such as hardware, software and time?
Also spend some time planning how you will collate and present results. FE models are often interpreted by displaying results on

the 3D model of the component, but this may not be appropriate. Remember that you will have to review a much larger magnitude
of results: you may have results of several dozen FE analyses!

How you use HyperStudy depends on your model type, your simulation software and your design objectives among other factors.
You can use HyperStudy as a standalone software or you can start it from another HyperWorks product, like HyperMesh Desktop.

Below are some common use cases for setting up a study:

Study Question or Scenario Best HyperStudy Options

| have a RADIOSS model that | want to do a size/
shape optimization study with. | will run the
simulations in my PC

Once you are finished creating your shape variables
in HyperMorph, start HyperStudy from HyperMesh’
Applications menu. Your model type is “HyperMesh” .

| have a MotionSolve model. | will run the simulations
in my PC.

| am using a commercial solver that is not in
HyperWorks, but it integrates with HyperWorks
(Abaqus, LS-DYNA, Design Life, etc.). | would like to
set up a size optimization study and will run the
simulations in a cluster.

| did my analysis in a spreadsheet. Some of the cells
are design variables and some are responses.

| calculated my responses using analytical equations.

Start HyperStudy from MotionView ‘s Applications
menu. Your model type is  “MotionView” .

Start HyperStudy in standalone mode. Your model
type is “Parameterized File” . You can create the
parameterized file by using the Editor option under
the Tools menu. Register the solver by using the
Register Solver Script option in the Edit menu.

Start HyperStudy in standalone mode. Your model
type is “Spreadsheet” .

Start HyperStudy in standalone mode. Your model
type is “Internal Math”

Once you have finished setting up your study, you will need to select one or more study approaches to find the answers to your
study questions. The best combination of approaches and the best method to use for each approach depends on your application
and objectives.

Below are examples of approach choices for specific scenarios:
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Study Approach Question or Scenario Best HyperStudy Options

Use a parameter screening DOE, such as Fractional
Factorial. Once the parameter screening DOE is
complete, look at the Effects and Interactions plots.

Which design variables have a significant effect on
my responses?

Use a space-filling DOE, such as MELS to create

How can | do quick trade-off studies? . .
fitting functions to your responses.

What are the best design variable values to minimize? my
objective, while meeting my design requirements?
What is the reliability of my design?

Use a Stochastic approach and add your reliability
assessment.

6.3 Performing the Study

In HyperStudy, a study is a self-contained project (saved into a study file, with a .xml extension) in which models, variables,
responses, and approaches are defined. It's a good idea to create a separate folder for each study.

&
<8 Explorer

?g Directory | o Define Models ‘

= 4 Study_ 1 Add Model ] Remove Model
4 [EIS_PTun
([ Define models)
X Define design variables
(%] Specifications
(% Evaluate
(%] Define responses

Active Label Varname Model Typ

(%] Post processing
(%] Report

The HyperStudy GUI was designed to guide you through a series of steps to set up a study and/or to add an approach. Each step
must be completed before progressing on to the next step.

When you create a study or open an existing study, the study opens in the “Explorer”, and any files associated with the study will be
displayed in the “Directory”. Specify the directory location when you create a study. When opening an existing file, the directory
location defaults to the location of the file selected.

As you navigate through the Explorer (by clicking on the steps), related information becomes available in the work area for
development or analysis (as with “Define models” in the image below). Often, several tabs will be displayed in the work area.

The Study Setup, contains the following working steps:

1. Definition of the Model Type
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4 Add - HyperStudy (130.21.1019016) 25

Label: prodel 2]

Varname: m_2

Select Type

{1 £fO x &

Parameterized File  InternalMath  Spreadsheet HyperMesh

HH = A ¥

MotionView Workbench FEKO Fiux (Beta)

WL

Operator SimLab

[ ok J[ cancel ][ apply

o Parameterized File: Select a Parameterized File model if you want to use a template file. A HyperStudy template file
is an ASCI! text file that contains the parameterized version of the solver input file (e.g. OptiStruct, RADIOSS,
AcuSolve, etc.). The template file extension is .tpl. The most basic HyperStudy template file is a data file in which
certain data fields are replaced with parameters using a Templex statements (very important; see example further
below)

e Internal Math: Select an Internal Math model if you want to use the HyperStudy response Expression Builder to
calculate responses as functions of design variables or responses. As shown n the example further below, Internal
Match is also used to process test data (e.g. Excel sheet with variables/factors and results/responses)

e Spreadsheet: Select a Spreadsheet model if your calculations are done in an Excel spreadsheet (in other words,
some math is done inside the Excel sheet). With this model type, you must load the spreadsheet you want to work on
in the Resource column. Once you load a .xls file, HyperStudy automatically defines the Solver input file and Solver
execution scripts columns (see example below).

e HyperMesh: HyperStudy is started from within HyperMesh; HyperStudy then has direct access to the HyperMesh
database of the model to perform easy design parameterization

e The following user profiles and solvers are supported:

e Abaqus, ANSYS, LS-DYNA, Nastran, OptiStruct, PAM-CRASH 2G, RADIOSS

e MotionView: HyperStudy is started from within MotionView; HyperStudy then has direct access to the MotionView
database. The following MotionView solvers are supported:

e MotionView, Adams, DADS, Abaqus, Nastran

e  Workbench: Select a Workbench project file to import design variables and responses from ANSYS Workbench.
HyperStudy recognizes ANSYS Workbench Input parameters as design variables and Direct Output parameters as
responses

e SimLab: Select a SimLab project (.sls) file to import design variables from SimLab

e FEKO: Once a FEKO (.cfx) file has been added to HyperStudy, models parameters are automatically identified

e  Flux: Once the Flux link file (that has been generated previously from Flux) has been added to HyperStudy, models

parameters and output functions are automatically identified and imported
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nition of Design Variables, or Factors

System parameters that you can change to improve the system performance. Examples of design variables are beam dimensions,
material properties, diameter, and number of bolts. Design Variables can be continuous or discrete. A design variable can be a
numerical value, as is common with numerical analyses. Since HyperStudy is a general-purpose tool, the design variable can be

quite general
want to carry

- it can even be a text-string. Remember that the levels of a design variable are meaningful only if it is discrete. If you
out a screening run with continuous design variables, you can define them as discrete for the purpose of the

screening. If the variable is continuous, you specify the bounds for each, instead of the levels. The subsequent DOE will decide
which levels to use within these bounds, depending on the type of design specified for the experiment.

In the Define

design variables step, there are four tabs: Define Design Variables, Details, Distributions and Link Variables. In all

four tabs, you can add and/or remove design variables to your model. In the first three tabs you can review and edit the following
design variable properties:

Active/lnactive status (Once a variable is unselected; that is. made inactive; it is no longer a variable but is fixed to its

initial value)
Bounds and initial value
Data type between real and integer

Mode between continuous, discrete, or categorical

N n kWM e

I* Define Design Variables Details | [/ Distributions 09 Link Variables

Add Design Variable  [£J Remove Design Variable
Active Label Varname Lower Bound Initial Upper Bound Data Type Mode Distribution Role Category
Diameter vl 30 60 90 Integer ~ Discrete ™ Design I Controlled ~
Height dv_2 60.000000 ... 120.00000 .- 180.00000 ... Real ~ Continuous /™ Design I Controlled
Thick_Top dv_3 0.2000000 ... 02500000 ... 0.3000000 ... Real ~ Continuous »~ Random Parameter | Controlled =
Thick_Side dv 4 0.1000000 .. 01200000 .. 0.1400000 .. Real + Continuous /~ Design \F Controlled «
Cost_Top_Bot Material dv 5 2 5 - 8 Integer « Discrete I Design \F Controlled «
Cost_Side_Material 1.0000000 .. 2.0000000 .. 3.0000000 .. Real + Continuous /~ Design I Controlled
Cost_Rim_Manufacturing d 15000000 ... 3.0000000 ... 4.5000000 ... Real ~ Continuous »~ Random Parameter | Controlled -

In the “Link Variables” tab, you can link design variables to each other to reduce the number of independent variables and/or of
different models in multi-model studies to have synchronized design updates between models. You can also link the design
variable of a model to the responses of other models. If the input of a model is a function of outputs of other models, you can add a
design variable for the input of the dependent model and responses for the outputs of the independent models and link the design
variable to the responses by entering the dependency in the expression field.

3. Specifications

In the Specification step, the following task(s) may be conducted:

Nominal Run

Runs one simulation where the design variable’s values are set to the initial values.
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System Bound Check

Checks the study setup and the design space using three runs. The first run sets all of the design variables to their nominal values,
the second run sets all of the values to their lower bounds, and the third run sets all of the values to their upper bounds.

Sweep

Evaluates design alternatives for a study where the design variable values increase in equal increments. For example, the first run
sets the design variables’ values to their lower bounds, the last run sets the design variables’ values to their upper bounds, and the
runs in between will be set at equispaced incremental values that are determined by the number of runs you specified. By default,
five simulations are running.

In sweep study, the values for a discrete variable are iterated by index. If the number of runs exceeds the maximum index of the
discrete list, the indexing scheme returns to the first index in a periodic sense.

Specifications

Edit _
Made Label Varname Details Value
1 @ Nominal Run Q, Nom Run systemn ... Number of runs 1
2 System Bounds Check O Chk Run system ...
3 Sweep Q, Fillsweep Sweep syste... Q Settings

Appl',.r h Back  Mext ‘

Definition of responses. These are chosen from the results of the evaluation carried out by the high-fidelity model. For instance,
weight, volume, displacement, strain, reaction forces, frequency or stress (i.e. solver dependent you either reference a text-output
file or a binary results file).

Finally, the

4. Approach (Study Approach) is determined:

In rather general words: A study approach is a specific set of steps taken to study the mathematical model of a design. In
HyperStudy, there are four different approaches:

e DOE

e Fit (In cases where simulation resources are scarce, the objective is to have a quick trade-off tool and/or noisy
responses need to be smoothened to increase the effectiveness of further studies; you need to consider using fitting
functions instead of the exact responses from simulations)

e  Optimization

e  Stochastic

Each approach serves a different purpose in the design study. The required steps for each approach is similar but there are small
differences when needed. For example, you can use the DOE approach (focus of this eBook) if you need to learn the main factors
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affecting your design, but you need to use the optimization approach if you want to find the design that achieves the design
objectives while satisfying design requirements.

DOE
@ DOE Fit Optimization
Stochastic
Simulations Optimization
DOE
Stochastic Fit Optimization
Stochastic

However, we focus on DOE Studies in this book:
Once the study has been defined (Study setup completed), you specify what type of experiment you want to use.
Remember that:
e  Full Factorial is not recommended if # factors > 5, since the combination of the number of factors and their levels can
make it prohibitively expensive
e Fractional Factorial is often used with just 2 levels for each factor
¢ Modified Extensible Lattice Sequence (MELS) is our recommended (default) space filling scheme
For the study, you will need to distinguish between controlled and uncontrolled variables. The former consist of design variables

that you want to manipulate as a part of your design, while the latter are due to uncontrollable noise. You can use different DOE’s
for the controlled and uncontrolled variables, depending on the amount of effort you can afford to spend.

Once you have done this, you fine-tune your experiment. Recall the table drawn up earlier when the Fractional Factorial design was
discussed. Most DOE'’s are specified as a matrix, showing the levels that will be used for each factor, and which effects will be
confounded. Fine-tuning means you can edit the matrix to change the allocations for each factor / level and the interactions
between them.

Once the DOE has been specified, HyperStudy runs the analyses and extracts responses for each of the designs.
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6.4 Invoking HyperStudy

Altair HyperStudy

Graphical User Interface

https://altair-2.wistia.com/medias/ufdvcil19t

You can invoke HyperStudy as a standalone product, run it in batch mode, or from within HyperMesh and MotionView using the
“Applications” menu. The interactive standalone mode can also be accessed through HyperGraph and HyperView using the
Applications menu.

HyperStudy Start Options

There a number of useful options that you can use to start HyperStudy in Ul or in batch. Please have a look at the Online Help
documentation for more details.

Also, to be mentioned is the information available in the Online Help Study Contents — Setup-Define Models — Specify Solver
Input Arguments

A Solver input argument is any argument to be passed to the solver. The default argument is $file, which means that the qualified
solver input file name is passed to the solver script.

+  For LS-DYNA, this field might contain: i=$file MEMORY=5000000
+  For NASTRAN, this field might contain: Batch=no

+  For MADYMO, this field might contain: -fg <filename>.xml

«  For solver scripts running on Linux, this field might contain: -nakg

+  For Adams, this field might contain:

job=<filename>.inp memory=200Mc interactiwve

For Abaqus, this field might contain:
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Once HyperStudy is started you will see the following Graphical User Interface

" -
o Untitled - HyperStudy v14.0 (120.28.945924)
File Edit View Tools Applications Help
= — i =
be dl|%
& Welcome A Reaty
Start a Study:
New Study
| 4
Open Study
Recent Studies:
C:/.../Example_Beam_Template/
Example_Beam_Template.xml |
Quick Start:
Beam Template
Beverage Can
Generic Solver
& pack  Nex: W)
Ready ]

The “HyperStudy Welcome” page as shown above gives you easy and direct access to “Start a Study”, or to access a “Recent
Study” (here only one recent study is listed).

Note: To open a recent study (up to 6 studies are listed) just click on the study of interest will open it.

Also note the “Quick Start” in the lower left area of the browser which allows to start the example by clicking on it (Beam Template
=OptiStruct Example; Beverage Can = Internal Math Example; and an example regarding a Generic Solver). The studies are set-up
already, hence allowing to learn more about the set-up or even to demo it.

6.5 Graphical User Interface

The Graphical User Interface (GUI) was strategically designed to guide you fluently through the study setup and investigation
process. Use the GUI to take full advantage of the HyperStudy capabilities needed to quickly learn about the system you are
studying (the GUI is depicted on the following page).
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Directory Work Area
o Example Beverage Canf HyperStudy = Bl =
Menu bar File Edit View Tools] Applications Help
Toolbar W E B ?.::‘,“ ‘| (7]
Explorer :% Explorer ﬁ? Directory ‘ . Define responses
4 4 Beverage Can E3 AddResponse ) Remove Response | | File Assistant
4 tﬁ Setup o -
Acti L Ve = i C t
B Define models A ve 3l arname Xpression ommen
B Define disign voriables 1@ Area Top_Bot r1 2*(pitdv_172/4) mm2 ..
¥ Specifications 2 @ Area_Side r2 dv_2"pi*dv_1 I mm2 ..
[ Evaluate i@ Velume r3 r1*dv 2 01 mm3 ...
|P Define responses Ll @ Material_Cost rd dv_5*r 1+dv 6*r2 . usp} ..
\; Post processing 5 @] Manufacturing_Cost 7 2*pitdv_1*dv_7 usb ..
¥| Report =
i 6 [V Total_Cost r8 rd+r7 usb ...
57 & Styling r9 dv_1/dv_2 - -

@Evaluabe Expressions . Back  Mext ‘-

Message Log

Messagelog @

1 Message: Settings location ( C:\Users\dgalleo‘\AppData\Roamir *
2 Message: Saved study ( Study_1 (s_1) )

3 Message: Closing study ( Study_1 (s_1) )
4 Warning: The reading of Resources failed for ( Model 1 (m 1 _

E WMemmmen- Cosrmd messdes | Dessmwmmes Moe (Descaesmafam) 1

I | 3

[um

Status Bar / Beverage Can / Setup / Define responses ( Nominal Run , 1 Steps)

Once you started your study-set up and you make changes e.g. inside the Specifications as shown in the image below, the Apply
button (highlighted in yellow) needs to be activated to confirm the changes/settings. If your settings are consistent, the system
“allows” you proceed to the next step.

B PR T S = s L [1202&9_

File Edit View Tools Applications Help

e d | Fi | 3|
le Explorer ‘_EE Directory Spedfications
- g{ Beam Template [&fii Edi
4 Of, set
LE 2 Mode Label ‘amame Detlls Value
¥ Define models ’ p o)
. ' 1 ), Nominal Run MNom Run system at initial values Mumber of runs 5
¥ Define desi iabl - - £
= ehne design vanables 2 (] 4, System Bounds Check Chk Run system at initial values, then lower and
— T =
LaSnecifica 1100 s— 3 @ Q, sweep FillSweep Sweep system values from lower to Upper v

%] Evaluate

®| Define responses
® Post processing
| Report

” " . Q Settings

@Applv ﬁ Back Mext
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6.6 How to use HyperStudy

Altair HyperStudy

DOE - Process

https://altair-2.wistia.com/medias/kelhte75ms

Altair HyperStudy

Study Setup

https://altair-2.wistia.com/medias/cbhvf2tu2j

The general outline of HyperStudy for any study is as shown below:
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MODEL and VARIABLES
DEFINITION

Study
Setup

RESPONSES
DEFINITION

ks Sttt

OCHASTIC
STUDY STUDY STUDY

POST-PROCESSING

The user sets up the study by identifying the variables, solvers for simulations and the responses to be monitored. Then the user
can choose to perform either DOE / Optimization / Stochastic studies or perform any combination of them. The results can be
processed using HyperStudy’s variety of post processing utilities. The HyperStudy GUI equivalent of the flowchart is shown below.
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MODELS in HYPERMESH, PARAMETRIZED MODEL
MOTIONVIEW or HYPERFORM using CREATE TEMPLATE GUI

HYPERSTUDY INPUT FILE

APPROXIMATION NI TION STOCHASTIC

DIRECT RESPONCES SELECTION for
AUTOMATED POST-PROCESSING

Joe Pajot / Altair provides a very comprehensive overview won the workflow (process). In his video he even goes beyond the scope
of this book: Fitting and Optimization.

Altair HyperStudy

General Introduction

https://altair-2.wistia.com/medias/hutOc4wz6b

In some details the working steps are:
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6.6.1 Parametrization/Model Definition

Parametrization is a function of the model. Depending on the model you pick, whether it is HyperMesh, MotionView, Template,
HyperStudy Internal Math, the parameters are imported through different mechanisms

The ease of connection depends on the model type:

e  Workbench or Excel: Design Variables and Responses can be directly imported (see respective icon in the image
below)

e HyperMesh/MotionView: provides a list of possible DVs, (HyperMesh model is the preferred model when there are
shape variables).

e SimLab: SimLab has the advantage of CAD connectivity

o FEKO/Flux: Altair's electromagnetic solvers.

e Resource file: File with parameter definitions, e.g. Template file, HyperMesh file, Workbench project, ...

e Solver input file: HyperStudy writes this file taking the information from the Resource file. Note: For some solvers such
as RADIOSS the name specified as Solver input file must be the same as specified as Resource file. Moreover, for
some solvers (like RADIOSS) two (or more files) need to be specified. These files need to be separated by “;”. The file
which is changing (includes model info) needs to be listed first.

e HyperStudy comes with the solver execution scripts for HyperWorks solvers, i.e. HyperStudy knows how to execute
RADIOSS, OptiStruct, AcuSolve etc. For non-Altair solvers you may need to point to an existing script or you may

need to create one first (see the Appendix “The Role of the Solver Script” for more details).

6.6.2 Define Design Variables

The information about the Design Variables is typically derived from the Resource file. Variable Data Type may be Real, Integer or
even of type String and may be discrete / continuous.

Design Variables are either continuous or discrete.
Typical syntax of Design Variables

e Continuous: {parameter(varname_1, “Label 17, 1.0, 0.9, 1.1)}

e  String:{parameter(varname_1, “comp 17, “0.0”, “1.0”,"2.0”, “3.0”)}
A more advanced topic mentioned for completeness is Design Variable Linking (please check the Online Help for more information)

as used for:

e  Multi-disciplinary studies (you link the common variables so that they change consistently)
e Chained solvers — output of one solvers becomes input of next solver; — link the input of the second solver to the

response of the first solver (tutorial 1060)
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6.6.3  Specifications

After the design variables have been defined, we move forward to what is called “Specifications”

£ Example_Beam_Template - HyperStudy v14.0 (120.28.945924) = =X
File Edit View Tools Applications Help
E G %R|E (7]
i Bxplorer | = Directory Specifications.
4 Beam Template Eea
4
4L setp Mode Label Varname Details Value
BipennEmodet| Q Nominal Run Nom Run system at initial values Number of runs 5
¥l Define di bl = a
enne design vanables ., s Q system Bounds Check Chk Run system at initial values, then lower and upper values
1 Specifications ~
3 @ Q Sweep FillSweep Sweep system values from lower to upper values

x| Evaluate

] Define responses
x| Post processing
5 Report

O Settings
@ Apply W Back  Next

Message Log £

( C:\Users\goelke\appData\Local\Altair\HyperStudySectings.xml )
DatalL 21 E . v14.0.120.26.945924 .31 )

There are three options listed:

e Nominal Run — runs the initial design

e System Bounds Check- creates a table of 3 runs, one at the initial values, one at all lower bounds, one at all upper

bounds

£ Tasks Evaluation Data ||~ Evaluation Plot

= Goto Directory | Browse files

I+ Thickness 1 I+ Thickness 2 I+ Thickness 3 .I* Thickness4 9.  Mass ﬂ:DiSpI...lQDEl it st frequency <. File Size

1 0.0020000 0.0010000 0.0050000 0.0020000
2 0.0018000 9.00e-04 0.0045000 0.0018000
3 0.0022000 0.0011000 0.0055000 0.0022000

System Bounds Check. The combination of runs is automatically configured. To view this table, click on “Apply” and then on “Next”.

e Sweep

Creates a set of runs where the values of all the design variables vary from their lower to upper bound.
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o Example Beam_Template - HyperStudy v14.0 (120.28.845924)
File Edit View Tools Applications Help

U E B
<0 explorer g; Directary . Tasks Evaluation Data ||/ Evaluation Plot
4 f Beam Template ‘= Goto Directory | Browse files

4 & Setup

I+ Thickness 1 I+ Thickness 2 Tr Thickness 3 I+ Thickness4 4§ Mass FDispl...10021
Define models

Define design variables

e

0.0018000 9.00e-04 0.0045000 0.0018000
0.0019000 9.50e-04 0.0047500 0.0015000
0.0020000 0.0010000 0.0050000 0.0020000
0.0021000 0.0010500 0.0052500 0.0021000
0.0022000 0.0011000 0.0055000 0.0022000

a

Specifications
[ Evaluate |

[T Define responses

AW

[%] Post processing
% Report

Of course, you can change the settings for lower and upper bounds according to your “needs” — just open the “Edit” panel and edit
the Run Matrix.

5 it

Run Matrix

Inclusion Matrix

Note: It is recommended to run, for instance the System Bound Checks to make sure that the model set-up is healthy/correct and
behaves as expected. If three runs are too prohibitive, select two runs instead.

6.6.4 Evaluate / Solver Execution Script

The evaluation of a model consists of three phases: Writing, executing (Job Management), and Extracting.

Model
Variant
Creation l
OE Job Simulation
Fit | Submission
= —_—
Optimization l
Stochastics
Results
| Extraction
{7
Study Results

imaol porameters
Sensitivities

Maodel Robustness
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In this section the focus is on Job Management (executing).
The role of the solver script maybe best described by “mapping mechanism”:

e A HyperStudy model maps independent variables to dependent variables

Simple question: Given an input file (e.g. HyperMesh, internal Math file) how do | generate output files?

Input File } Output Files

(Design Variables) ' | (Responses)

This may seem simple, but answering this question is the blueprint. Imagine having an input file (like OptiStruct *.fem file):

e How do you run it?

The solver script must do all which you would do manually to create the outputs given the input, but non-interactively, and should
wait until completion before finishing.

Best Practice

e Understand the process to be executed

e Assuming you have input file, understand all the steps to get output files
e  Make lists of steps

e  Start writing a script outside of HyperStudy

e At this stage, stay simple and focus on basics

e Use hard coded paths

e Limit the arguments passed to the scrip

e  Get the process running outside HyperStudy

e Once running, make limited adjustments to accept arguments (files, parameters)
e Test the script in HyperStudy’s nominal run

e If everything works, start adding environment variables

e Usually do this last, as it is the least crucial step but makes testing limited to HyperStudy only
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6.6.5 Response Definition

Altair HyperStudy

Responses

https://altair-2.wistia.com/medias/djg879tj6q
Question: What is a response?

Answer: Performance criteria that we are interested in

Something to note:
e Responses can be of varying complexity - sometimes it is just a number read from an output file, sometimes it is the
outcome of a number of operations on the output of the solver
e We use the “Expression Builder” to construct these responses using simple pieces as building blocks.

e Expression builder has all the pieces to facilitate the construction of any expression, from simple to sophisticated.

The Expression Builder shown below can be accessed in the “Define response” step by clicking on the three dots ... in the
Expression column.

¥ Example_Beam Template - HyperStudy v14.0 (120.28.945924)

e @)% E
23 Explorer |'F= pirectory s Define Responses
o 4 Beam Template ) AddResponse () Remove Response | | File Assistant
P
L S Active Label Varname Expression Value Cormment
¥l Define models . ia ) Va0 . Not Bxtracted
.
7| Define design variables ||, Displacement at node 19021 1 2 v_2[0] [ Not Extracted Magnitude of displacement
Specifications
: 5 B
# Evaluate B f Expression Builder - ( Displacement at node 19021 (r_2) ) - HyperStudy v14.0-120 (120.28.945924) P——
| =
B, Defipe espoises e e - o | g
%] Post processing ~
_ [0]
%] Report
|/~ Functions |« Design variables | Responses | [57| File Sources ASCI Extracts k-
J B Add Function Remove Function Insert Varname
5 me Varname Category =
= [

1]abs Math & Trig -

2 absarea General

3 abstorelative General

4 acos Math & Trig -

Expression builder
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Moreover, a Response is usually a function of a solver output but sometimes it can be of only design variable values:
Response = volume = v_1[0]
Response = ratio of two dimensions = dv_1/dv_2
Next is a simple function of a solver output:
Response = abs (x-disp at node 1) = abs(v_1[0])
Next is a user-defined function of a solver output:
Response=area_2curves(v1x, v1x, v2x, v2y) where v1 and v2 are test and simulation data.
But it can even be just a number

Response = 10

(If you have an application where you are looking for a feasible design but don’t have any responses to minimize or maximize, you
can create such a response and make it the objective function)

Note: Data from a file (e.g. *.out file from OptiStruct) is read as a vector but Responses have to be scalars Hence, you have to
perform an operation to create a scalar expression from a vector

Example:
Response = volume = v_1[0]
Why v_1[0]?
Volume is written to .out file
In this case, it is an OptiStruct *.out file and we have a reader for it.
So, we use “File Source” to read it.
“File Source” reads it as a vector, v_1 of size 1.
As we can only work with scalars in HyperStudy, and this particular response is a scalar, we put the index, v_1[0].

So, a response is an expression that is made of Functions, Design Variable, Responses, File Sources (for files that HyperWorks
has readers for e.g. h3d, outfile), ASCII Extracts (for ASCII files HyperWorks has no reader for, e.g. an in-house-code).

Scalars, operators, design variables, responses, file outputs are the building blocks of a response (don’t, miss to hit the INSERT
Varname icon)
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o Expression Builder - ( Response 8 (m_1.r 1))

J\ ALTAIR

;‘Ec} Evaluate Expression

max (resvector (gecenv ("HST_APPROACH RUN_PATH") + "/m_1/beam.h3d",1,0,4105,0,0,0,1))

J= Functions I+ Design variables I i Responses ‘ 57 File Sources | = AscH Extracts
E Add Function Remave Function © Insert Varname
Varname Category
173 pythongetvarimaginary python-brid...
174 pythongetvarreal python-brid...
175 pythonsetvar python-brid...

177 rand Math & Trig
178 rangepair Internal
179 read General

Functions

Altair HyperStudy

Functions

0K I Cancel

https://altair-2.wistia.com/medias/b2k1exi3n7

There are 250+ functions in the library, such as: Min, max, resvector, akima, butterworth, etc.

You can double click on the number next to the function varname to insert the function. This is particularly useful in resvector,

readsim (details further below and Online Help).

In addition, you can add external functions which you may implement in Templex or HyperMath which can then be added as an
external function. For more information about this option please see tutorials HS-1505: Register a Templex Function in HyperStudy

and HS-1506: Register a HyperMath Function in HyperStudy.
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f Expression Builder - ( File Size (r_4) ) (=X

(5 Evaluate Expression 3 4 s
fileinfo("./m 1/beam.h3d", "size")
I
F=zunction: | T+ yesign Vari.. | & esponse ‘ EI iile S.. ‘ %I SCIE., ‘
Add Function ) Remove Function Insert Varname »L
Varname Category i |
72 eigvecimag General
73 eigvecreal General
74 eval General
75 exp General
76 expfit General |I
77 extern General
78 fcomr General t
79 fftimag General =
80 fftmag General R |
81 fftphase General :
82 fftreal General
83 fftwimag External
84 fftwmag External
85 fftwphase External
86 fftwreal External
87 fileclose General
88 fileexists General
89 filefindstring General
Efinio Joeresl
91 fileopen General
92 filereadstring General
93 fill General
94 firl00 External
95 fold General
96 freeze General -
OK ; Cancel

Some “Special” Functions

Readsim (available along with HyperStudy 14.0). Use case is to read the entire time history of the stress, which may then be used
to identify its maximum value.
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o readsim - Builder - HyperStudy v14.0-120 (120.28.945924) = (5. S

File: [ ]

|:| First request - |:| Last request

Components:

0 - [ Last timestep

Double click on the number next to “Function—Readsim” opens up the above pop-up window.

File Sources (Vectors)

Altair HyperStudy

File Sources

https://altair-2.wistia.com/medias/y66028enan

File Sources allows for selection of result values from result files of solver runs for which HyperWorks has reader for.
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In the pop-up window choose Type, Request and Component. Again note, that the results are stored as vectors. As the study
requires a response to be a scalar value, use functions such as min(), max(), integral(),

define column with [..] e.g. v_1[0], v_1[numpts(v_1)-1] and recall that the index starts from 0.

13 Expression Builder - { Mass (r_1) ) l (=] &

<} Evaluate expression CelE e

v_1[0]

JF= Functions | J* Design Variables |ﬁ. Responses | L) FileSources | [3 ASCH Extracts

@ Add File Source (3 Remove File Source €3 Insert Varname F e R N ==
Label Varname Source File Subcase Type Request Component

1 i\fector 1vl Solver output file iﬁi C:/hypestudy/4B/approaches/nom_1/run_ 00001/m_1/test.out ... « Mass ... Mass ... Value

2 Vector2 v_2 Solver output file (30 C:/hypestudy/4B/approaches/nom_1/run_00001/m_1/testh3d .. Sub.. - Dis.. - Ni.. .. MAG

3 Vector3 v 3 Solver output file ﬁlﬁ C:/hypestudy/4B/approaches/nom_1/run_ 00001/m_1/test.out ... -~ Fre.. .- Mo.. - Value

File Assistant

Along with HyperStudy 14.0 a new tool was introduced: File Assistant.

The Expression Builder is quite demanding. In many cases the Expression Builder can be replaced by the File Assistant. In the File
Assistant Ul, you select a single file and the type of data/result of interest (see image below).

The File Assistant can be accessed in the Define Response step —File Assistant.

File Edit View Tools Applications Help

b e B % E

.jE Explorer t= Directory ﬁ Define Responses
N 4 Beam Template Add Response  [£) Remove Response |_, File Assistant
4 [} Ssetu
‘E" P Active Label \.-"a|| Import j
Define models
. 1 Mass rl
Define design variables | ;
- 9 2 Displacement at node 19021 r_2
Specifications [ =
@ P 3 1st frequency r 3
T Evaluate [ ST
4 File Size r 4

Define responses
(%] Post processing
(%] Report
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’ -

o File Assistant

Multiple items and components at one time step

File: |Mentoring/Mentoring_Material/ToolsDemo/archive/Example_Beam_Template/approaches/nom_1/run__00001/m_1/beam.h3d . E
Subcase: ISubcase 2 (Static) > I
Type: IDispIaoement (Grids) v ]
Request (start - end):  [N14915 ~| - [n1g021 -]
Component (start - end): |X - % -]
Timestep 0 2]
Preview
0.0004 -

resvector("C:/Users/fatma/Fatma1/Altair/HyperStudy/Mentoring/Mentoring_Material/ToolsDemo/archive/Example_Beam_Template/ap)

S - - . T - —
e —
oo001{ W l - | l

il

500 1000 1500 2000 2500 3000 3500 4000 4500

0

-0.00011

-0.0002

-0.0003

o

-0.0004
0

I\ scatter2p |G Textview B Table

< Back l [ Next > I [ Cancel

Within the File Assistant (which guides you through the various steps) you may also do some math on the results
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4 File Assistant ﬁ

Link File to a Response

Creating a new Vector Source

Label: Frequency - Frequency - Frequency - Subcase 1 (Modal)

Varname: m_1_v_2

Linked to a new Response
Label: Response 6
Varname: milr2

Comment:  Frequency - Frequency - Frequency - Subcase 1 (Modal)

Expression: | max(m_1_v_2) m

First Element
Last Element
Maximum

Mean

Minimum —

< Back ] [ Finish| summation j

ASCII Extract

For ASCII files that we do not have readers for (ex: in-house code result files) make use of ASCII Extract

;‘I Extract file - ( FileParser 1 (f_1) ) l (=] i_ﬂ]

C:/Users/fatma/Documents/Altair/HyperStudy_v14.0.0.62.813705/Example_Beam_Template/approaches/nom_1/run__00001/m_1/beam.out D

179 {Running -in—core -solution) -
180

P Vil e = e R e e R =-3.01755E-004- - -Mass- - - - - =-2.359T72E+000

182

183 -Subcase - - -Compliance - - - - - Epsilon - (Residual -strain-energy -ratio)

112 R 2--1.485954E+01 - -1.988481E-12

185

186 P S [ Toree (RN RN, | S |

187 -Subcase - -Mode - - - - Fraequ
ESEUEC - - - - - - 2 AR 1---2.843867E+02---3.421339E+06--- - - 3.421339E+06- - -1.000000E+00
HECEE - - - - - - - 2 Eeih 2---3.835944E+02- - -5.809037E+06- - - - - 5.809037E+06- - -1.000000E+00
SR - - R 3---6.412023E+02 - - -1.623117E+07-- - - - 1.623117E+07- - -1.000000E+00 |_W
L2 R S 4---6.443212E+02 - - -1.638946E+07 - - - - - 1.638946E+07- - -1.000000E+00 [
ILET R e s 5---7.152143E+02 - - -2.019446E+07T - - - - - 2.019446E+07 - - -1.000000E+00
IEE R SRR &---7.276415E+02 - - -2.090233E+07 - - - - - 2.090233E+07 - - -1.000000E+00
T A T---1.023247E+03 - - -4.133528E+07- - - - - 4.133528E+07 - - -1.000000E+00 S
« b
Keyword: Subcase Mode Frequency — Eigenvalue ¥ Next ] l 4 Previous
Offset: 51
Length: 12

oK ] l Cancel
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ASCII Extract provides the option to use a key word (here Subcase Mode Frequency Eigenvalue) to identify (or mark) the data of
interest.

Response Examples

Altair HyperStudy

Response Examples

https://altair-2.wistia.com/medias/mpnjw4h5tf

We may face the situation that the output HyperStudy reads in is not in the same exact format we need. For instance, in crash

analysis, you often want to look at the Force versus Displacement curve. However, most of the time you have Force vs. Time and
Displacement versus Time.

If you run into a situation like this there are functions available that can help you, or contact the moderated Support Forum.

6.7 Postprocessing - All Approaches

Altair HyperStudy

Postprocessing — All Approaches

https://altair-2.wistia.com/medias/v5k4js9k1j

J\ ALTAIR  Altair Engineering, Inc. All Rights Reserved. / altair.com / Nasdag: ALTR / Contact Us 71


http://altair.com/
https://www.altair.com/contact-us/
https://altair-2.wistia.com/medias/mpnjw4h5tf
https://altair-2.wistia.com/medias/v5k4js9k1j

eBook / Introduction into Design of Experiments DOE with HyperStudy™

J\ ALTAIR

Now after the DOE runs are completed probably the most demanding part of a DOE starts: Postprocessing.

There are several questions we need to answer:

What do | look at? How do | interpret the results? And what do | do with that newly gained piece of information?

The following table (or overview) may be of help:

Optimization

Stochastic

Anova

Identify the importance of LSR
factors.

Diagnostics

Assess response surface quality
in summary.

Distribution X X Visualize data trends and
identify outliers.

Linear Effects Identify important variables.

Integrity X X Review statistics of data sets.

Interactions Identify interconnection
between variables.

Iterations X Visualize scatter history of
optimizations.

Optima X Visualize Pareto Frontiers.

Parallel Coordinate X X Identify trends in large data
sets.

Pareto Plot Plot the effects of variables on
responses in hierarchical order
(highest to lowest).

Reliability X Lookup specific reliability
values.

Reliability Plot X Visualize the representation of
system reliability.

Residuals Asses response surface quality
in detail.

Scatter 2D X X Visualize data sets in 2
dimensions.

Scatter 3D X X Visualize data sets in 3
dimensions.

Summary X X Present raw data in tabular
form.

Trade-Off Interactive response suface tool
to perform "what if" scenarios.

In HyperStudy there are 6 fundamental ways of looking/postprocessing data — regardless whether it is from DOE or Optimization.

These options are depicted on the left side of the image above:
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Integrity, Summary, Parallel Coordinate, Distribution, Scatter 2D, Scatter3D

EEE Integrity Summary |FH Parallel Coordinate li Distribution | % Scatter 20 'L Scatter 3D Jllli Pareto Plot / Linear Effects x Interactions

The DOE specific postprocessing options (highlighted by the green box) Pareto Plot, Linear Effects, and Interactions are discussed
further below.

The Integrity Tab contains a series of statistical measures on variables and responses:

e Health High level summary of statistics used to easily spot inconsistent, non-changing, or missing data
e Summary Basic descriptive statistics that presents information on the data in groups such as quartiles or ranges
o Distribution Detailed descriptive statistics used to quantitatively describe the distribution of data points

e Quality Values typically used in Quality Engineering

6.7.1 Integrity — Category Health Check

The Health Check provides a high-level summary of statistics used to easily spot inconsistent, non-changing, or missing data.

Effﬁ Integrity Ssummary |FH  Parallel Coordinate J,i Distribution |%= Scatter 20 |-k Scatter 3D |lllL Pareto Flot /' Linear Effects x Interactions

Label Varname Category Points Unique MNo Values Bad Values Range
1 F¢ Diameter dv_1 Variable 128 2 0 0 60.000000
2 Te Height  dv.2 Variable 128 2 0 0 120,00000 L. Category
3 e Thick Top dv_3 Variable 128 2 0 0 0.1000000 [ Heatth
4 UF¢ ThickSi.. dv.4 Variable 128 2 0 0 0.0400000 | Summary
5 I+ CostTo.. dv.S Variable 128 2 0 0 6.0000000 L EIDUNOR
6 "I CostSi.. dv6 Variable 128 2 0 0 2.0000000 | Quaity
7 J+ CostRi.. dv7 Variable 128 2 0 0 3.0000000
8 ﬁ AreaTo... r_1l Response 128 2 0 0 11309.734
9 ﬁ Area Si... |1_2 Response 128 3 0 0 45238934
10 ﬁ Volume r_3 Response 128 4 0 0 2205398.0
11 ﬁ; Materia... 14 Response 128 12 0 0 245986.70
12 ﬁ; Manufa... 17 Response 128 3 0 0 2261.9467
13 ﬁ Total C... r_8 Response 128 24 0 0 24824865
14 ﬁ Styling 19 Response 128 3 0 0 13333333

Channel

Integrity Health Check

In the image above we see a 100 run DOE which delivered in general 100 unique (result/response; in here some results must have
been the same, i.e. indicated by 99/98) points. There are no entries without any values (No Values), and there are also no “Bad
Values” (e.g. divided by zero)

EFE Integrity Summary |HH Parallel Coordinate J_i Distribution | Scatter 20 |-k Scatter 3D |lli Pareto Plot ./' Linear Effects X Interactions
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B mtegrity B summary |HH Parallel Coordinate [l Distribution |-L~ Scatter 20 | .L: Scatter 30 E Effects Table |/ Linear Effects | I

Label Varname Category Points Unique No Values Bad Values Range
1 drawbead_1.5 dv_1 Variable 3 3 0 0 0.0062442
2 drawbead_2$S dv_2 Variable 3 3 0 0 0.1608386 | Categosy
3 drawbead_ 3.5 dv_3 Variable 3 3 0 0 0.2000000 il]!-lealth
4 drawbead 45 dv_4 Variable 3 3 0 0 0.2000000 St
s drawbead 55 dv_S Variable 3 2 0 0 00899949 it
6 drawbead_65 dv_6 Variable 3 2 0 0 0.2000000 3 (aliy
7 drawbead_7.5 dv_7 Variable 3 2 0 ] 0.2000000
8 drawbead 3.. dv 8 Variable 3 3 0 o 0.3749271
9 Blank_shape.. dv_ 9 Variable 3 1 0 0
10 Blank_shape... dv_10 Variable 3 1 0 0
11 Blank_shape.. dv_11 Variable 3 2 0 0 0.0250729
12 Blank_shape... dv_12 Variable 3 2 Q o 0.2000000
13 shape_side_... dv_13 Variable 3 2 0 o 0.1000000
14 shape_side_... dv_14 Variable 3 1 0 0
15 shape_side_.. dv_15 Variable 3 k] 0 0 0
16 shaps_side_.. dv_16 Variable 3 1 0 0
17 Response 1 1 Response ] 0 o Undefined
18 Response2 .2 Response 3 0 _{] Undefined

In this example there are 3 responses which hadn’t any values, and there is a number of ranges that are “zero” indicating that
nothing has been changed. Hence, a warning (colored in red) is prompted requesting us to go back to the date to better understand
what happened. For instance, the data shown in the table may come from a test and there haven’t been 3 test data (No Values)
available. As a consequence, the input data must be cleaned up first; or it may have been simulation data and the simulation run
didn’t converge.

{@ﬁ Integrity { Summary |Fﬂﬁ Parallel Coordinate l._ Distribution | Secatter 20 |\l Scatter 30 ‘ |l|]_||_ Pareto Plot

o Linear Effects |>(: Interactions |
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Integrity Summary | HH Parallel Coordinate 1‘ Distribution |-}.—2 Scatter 20 | .l Scatter 3D = optima #° Rerations
Label Varname Category Points Unique No Values Bad Values Range

1 Variable 50 16 0 0 0.1867184
2 drawbead_25 dv_2 Variable 50 10 0 0 04120161 L | Entegory
3 drawbead_3.S dv_3 Variable 50 11 0 0 0.5000000 i Health
4 drawbead 45 dv.4 Variable 50 13 0 0 05024482 g Summary
5 drawbead 55 dv_5 Variable 50 14 0 0 0.2000768 el
6 drawbead 65 dv_6 Variable 50 0 0 0.3000000 il uality
7 drawbead_7.S dv_7 Variable 50 0 0 0.3000000
8 drawbead_3.. dv_8 Variable 50 17 0 0 0.6000000
9  Blank_shape.. dv 9 Variable 50 18 0 0 0.2000000
10 Blank_shape... dv_10 Variable 50 6 0 0 0.3000000
11 Blank_shape... dv_11 Variable 50 18 0 0 0.6000000
12 Blank_shape... dv_12 Variable 50 6 0 0 0.3000000
13 shape_side_... dv_13 Variable 50 12 0 0 0.1650000
14 shape_side_... dv_14 Variable 50 13 0 0 0.2000000
15 shape_side_... dv_15 Variable 50 0 0 0.3000000
16 shape side ... dv 16 Variable 50 0 0 0.3000000

Response 1 Response 50 26 0 0 30197.126

Response 2 r.2 Response 50 25 0 0 71191765

Objectivel obj_1 Objective 50 26 0 0 30197.126

Constraint1l c1 Constraint 50 25 0 0 71191765 Channel

Integrity Health Check

In this table we see that 50 runs have been conducted. However, we only see 25 (26) unique results. So why do we run that many
simulations if we get only 25 results at the end. Again, this indicates that something may be wrong.

6.7.2 Integrity — Category Summary Check

This check provides basic descriptive statistics that presents information on the data in groups such as quartiles or ranges
Mean = average, first statistical moment

Median = ” middle” of a sorted list of numbers)

1st quartile = 25th percentile (splits off the lowest 25% of data from the highest 75%)

3rd quartile = 75th percentile (splits off the highest 25% of data from the lowest 75%)

sort 1 2 3 4 5 & 7 8 9 10 11 12 13
aray 3 4 5 7 s ol v 18 18 20 2 2

mean 13.2

medi-
1stQ 7
2ndq 15
3rdQ 19
4th Q 25

The simple Excel sheet gives an overview on relevant / important definitions.
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Eﬁ Integrity |[E5 summary |HH

10
1
12
13
| 14

Label

Varname

'E« Diameter dv_1
VE+ Height
VF+ Thick Top
UF¢ Thiek si...
'Fe cost To..
'Fe Cost Si...
'Ee Cost Ri...
ﬁ Area To...
m Area Si...
ﬁ Volume
e Materia...
ﬁ Manufa...
e Total C..

e Styling

dv_2
dv_3
dv_ 4
dv_5
av_b
dv 7
|
E2
r3
r4
£
r_8
r9

Parallel Coordinate l._ Distribution -}.—— Scatter 2D L Scatter 3D

Category
Variable
Variable
Variable
Variable
Variable
Variable
Variable
Response
Response
Response
Respaonse
Response
Response
Response

J\ ALTAIR

l||_|j_ Pareto Plot f Linear Effects x Interactions

Minimum 1st Qu Median Mean 3rd Qu Maximum Range
30.000000 30.000000 60.000000 60.000000 90.000000 90.000000 60.000000
60.000000 60.000000 120.00000 120.00000 180.00000 180.00000 120.00000
0.2000000 0.2000000 0.2500000 0.2500000 0.3000000 0.3000000 0.1000000
0.1000000 0.1000000 0.1200000 0.1200000 0.1400000 0.1400000 0.0400000
2.0000000 2.0000000 5.0000000 5.0000000 8.0000000 8.0000000 6.0000000
1.0000000 1.0000000 2.0000000 2.0000000 3.0000000 3.0000000 2.0000000
15000000 15000000 3.0000000 3.0000000 4.5000000 4.5000000 3.0000000
1413.7167 1413.7167 70685835 70685835 12723.450 12723.450 11309.734
5654.8668 11309.734 16964.600 22619.467 33929.201 50893.801 45238.934
84823.002 169646.00 508938.01 848230.02 1526814.0 2290221.0 2205398.0
84823002 24033184 57962.384 80581.852 135716.80 254469.00 245986.70
28274334 56548668 848.23002 1130.9734 1696.4600 25446900 22619467
8765.0435 24598.670 58527.871 81712.825 13741326 257013.69 24824865
0.1666667 0.3333333 0.5000000 0.6666667 1.0000000 1.5000000 1.3333333

Category
1 Health

Bsunmary

3 Distribution
4 Quality

Channel

All the information from above such as mean, median etc. goes into BoxPlots (under Distribution) as shown further below.

6.7.3

Eﬁ Integrity Summary |4 Parallel Coordinate l‘ Distribution |2 Scatter 20 L Scatter 3D

Integrity — Category Distribution Check

N3
2 F
B
B
N3
o
i
s g
o g
10 9
1 %
12 He
13 %
14 9

w -

EURRE- ST I

Label

Varname

Diameter dv_1

Height dv_2
Thick Top dv_3
Thick Si... dv. 4
CostTo... dv 5
Cost Si.. dv_ 6
CostRi.. dv_7
AreaTo.. 1
Area Si... .2
Volume r_3
Materia... r_4
Manufa... .7
Total C... 8
Styling  r9

Category
Variable
Variable
Variable
Variable
Variable
Variable
Variable
Response
Response
Response
Response
Response
Response
Response

Variance
907.08661
3628.3465
0.0025197
4.03e-04
9.0708661
10078740
2.2677165
3.22e+07
2.90e+08
76le+ll
4.80e+09
72515947
4.86e+09
0.2519685

Std. Dev.
30.117879
60.235757
0.0501965
0.0200786
3.0117879
1.0039293
1.5058939
5677.0864
17031.259
872592.37
69312.203
851.56296
69734.636
0.5019646

Avg. Dev.
30.000000
60.000000
0.0500000
0.0200000
3.0000000
1.0000000
1.5000000
5654.8668
14137.167
720995.51
56725.382
706.85835
57078812
04166667

CoV.
0.5019646
0.5019646
0.2007859
0.1673215
0.6023576
0.5019646
0.5019646
0.8031434
0.7529470
1.0287214
0.8601466
0.7529470
0.8534111
0.7529470

Skewness
0.0000000
0.0000000
5.62e-13

-1.10e-13
0.0000000
0.0000000
0.0000000
205e-15
0.8994640
0.9028666
1.0650398
0.8994640
10555325
0.8994640

Kurtosis
-2.0320000
-2.0320000
-2.0320000
-2.0320000
-2.0320000
-2.0320000
-2.0320000
-2.0320000
-0.7991817
-0.8907624

0.2166536
-0.7991817
0.1913818
-0.7991817

RMS
67.082039
13416408
02549510
01216553
58309519
22360680
33541020
9052.2036
28274.334
12144806
106113.54
1413.7167
107246.97
08333333

l||_[[ Pareto Plot f Linear Effects x Interactions

Category
| 1 Health

2 Summary

B Do |

4 Quality

Channel

Some general explanations regarding the different columns is shown under “Distributions”. More information about the statistical
indicators for responses are listed in the Integrity table columns.
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Column Description
Bverage deviation Evaluated using the following expression:

M

> K - X

=1

N
L ]
*
»
L ]
. |

The horizontal line in the above plot represents the average
of the values in the vector. The vertical lines répresent
the differences between the values of the vector and the
average of the valugs. The average deviation is the averags
difference between the vector elements and the average
of the vector elements. The sign of each element is not
taken into consideration when calculating the deviation.
The sign of each element is taken into consideration when
calculating the average of the elements.

Coefficient of Variation (COV) A measure of relative dispersion given by:
& tan dard deviaiton
Meaan

Ol =

The use of variation lies partly in the fact that the mean
and standard deviation tend to change together in many
axperiments. The higher the CaV, the higher the variability.
The lower the CoV, the less the variability of the data. CoV
is seldom of interest where the mean is likely 10 be near
ZEr.

Kurtosis Measure of flatness of a distribution.
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Standard Deviation This is the sguare root of the variance. It is a commonly
used measure of dispersion, i.2. how spread the data is.
For instance, if it is a response and it is spread too much it
indicates that it is not a robust design

Skewness Indicates whether the probability distribution is skewed
10 the right or to the left. If the skewness is zemo, the
probability distribution is symmetric about the mean of
the distribution. If the skewness is less than zero, the
probability distribution is skewed to the left of the mean of
the distribution. If the skewness is greater than zero, the
probability distribution is skewed to the right of the mean
of the distribution.

For instance, if we lpok at stress and if it is left inclined it
is quite admirable as it means there a more points on the
lowier stress values

RMS Calculates the sguare root of the mean of the sum of the
squares of all response valuas using the following eguation:

Vanance Evaluated using the following expression:

i) -
ZiG=xY
i=1

M-1

6.7.4 Distribution (Main Tab)

EEE-' Integrity Summary |FH Parallel Coordinate J,i Distribution -}.—-— Scatter 2D l._ Scatter 3D

In the Distribution tab, view all variable and response data in a histogram or box plot. Switch between histogram and box plot view

by clicking the (histogram) or (box plot) buttons located above the Channel selector.

Histograms
In Histogram view, the following data is displayed for all variables and responses

Histograms display the frequency of runs in a sub-range of response values. The size of the sub-range is defined as the total range
of the response value, divided by the number of bins. Histograms are displayed by red bins

PDF (Probability Density Function) curves illustrate the probability of the response being equal to a particular value. PDF is
displayed as a green curve.
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e CDF (Cumulative Density Function) curves illustrate the probability of the response being less than or equal to a

particular value.

CDF is displayed as a blue curve.
Or in other words - It tells you how many peaks there are, what kind of distribution it follows etc.:
e displays the frequency of an entity value within a bin
e outof 150 runs, 8 had a styling value in the 0.22 bin, 14 had a styling value in the 0.36 bin, etc. (see image below)
e gives information about the shape/properties (peaks, skewness, modality (bimodal, etc.), kurtosis) of the distribution.

e gives the range of values.

Freguency
= =
- n
Probabiity

=
=

o
w

o

PDF refers to “Probability of Distribution Function” which runs — more or less - parallel to the Histogram

CDF is the sum of the PDF’s — it goes from zero to one, because you sum these values up. Its slope tells you where changes occur
faster or slower.

Mean

.. =

e Lk 5 1 - I

in

Frequency
P
=
Prshabiity

=

[os

Ty i T Tap Uy U

T

e
I
=

1 __J
2
£
¥ _

s
g

b T T v v T v v v T v
hy, g, S W Mg Wa By, W B, T,

J\ ALTAIR  Altair Engineering, Inc. All Rights Reserved. / altair.com / Nasdag: ALTR / Contact Us 79


http://altair.com/
https://www.altair.com/contact-us/

J\ ALTAIR

eBook / Introduction into Design of Experiments DOE with HyperStudy™

Box Plots

In Box Plot view, data is sorted, and a box is drawn from the lower quartile (1st quartile, Q1, 25%) to the upper quartile (3rd quartile,
Q3, 75%). Quartiles of a sorted data set consist of the three points (Q1, Q2 which is also the median, and Q3) that divide the data
set into four groups, each group comprising a quarter of the data. The median and mean of the data are also marked in the box. In
HyperStudy, this box is painted dark green (see images below).

Box plots may also have lines extending vertically from the box to indicate the data outside the lower and upper quartiles.

Furthermore, to identify outliers, these lines may extend only to the “whiskers” as opposed to the minimum and maximum of the
data.

(Outliers refer to designs which behave much differently than other designs. Outliers may behave much better or worse than other
designs. Hence, there is a need to investigate the causes of the outliers so that you either better understand which combination of
design variables caused the much better performance, and vice versa, what should be avoided to end up with a poorly performing
design).

Whisker location is calculated as a function of lower and upper quartile and the difference between them (this difference is known
as interquartile range, IQR) as:

Lower whisker = Q1 — 1.5*IQR
Upper whisker = Q3 + 1.5*IQR

Any data that is not within the whiskers are identified as “outliers”. In HyperStudy, whiskers are displayed as a light green box
instead of as a vertical line, and data points are indicated by blue dots. Horizontal scale is their run number and vertical

scale is their value.

106 54 Max = 17828 89 Max =——— Quthers 180 00 Max

0 37 Madkan

2.33 Upper Q

70 81 Upper Q

B8 04 Median >

TBTT 43 Upper O

o 150 30 Upper Q

120 61 Median

48.71 Lower Q

1.59 Madian >

290 58 Medan

== §9.70 Lower Q
B 3727 09 Lower Q

113 Lower Q e
.

35 08 Min =——

4.73 Man =———  Outher 60.00 Man

Box plots display the distribution of data. Use box plots to find the range, mean, median, quartiles, whiskers and outliers. This
information tells you the spread and skewness of the data and helps you identify outliers. It is important that you understand the
spread and skewness in order to understand and improve the variations in the data. Identifying the outliers gives you an opportunity
to investigate these data points and resolve possible issues that you may have missed.
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The image below illustrates a comparison of a box plot of data sampled from a normal distribution to the theoretical probability
distribution function of the normal distribution. The dark green color indicates the interquartile range, the Light green color indicates
the range of the whiskers, and the red color indicates outliers.

§ &8 Upper T

So, why should we care about outliers? Take a look at image below. The top plot shows a data value that looks like an Outlier
(Outlier 1). Using a linear least square estimate one can see effect of including and omitting Outlier 1. Observe that the two lines
are quite close to each other, indicating that the outlier has very less influence on the predictive nature of fit. In the lower plot
however, this is not the case. Outlier 2 when included exerts more influence and pulls the best fitted line towards it. The difference
between two cases is that outlier 2 has more leverage. Meaning that it's X axis value is quite extreme from the other data points.
This is marked as High leverage and high influence. So, knowing where the Outliers exist in given data and then how to deal with
them can save you from potential pitfall of fitting erroneous mathematical model and providing wrong report to customer.
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Low leverage

Some influence

Y

High leverage
High influence ™~

Y

High leverage _

Low leverage
Low influence

) s
-

Low influence

How to detect Outliers

HyperStudy helps you in identifying Outliers using Box plot (Postprocessing-Distribution- icon on the right).

For more information on calculation please refer to Box Plot help page in HyperStudy. (Hint: Use capping methods. Any value
which is out of range of 5th and 95th percentile can be considered as outlier)

How to deal with them

Once you have identified Outliers in your data, next question is how to deal with them. Following points could assist.

1.

removed from data set and documented in final report.

In most cases, however, removing data is not so straight forward. Couple of things you can do:

Does the data make sense: E.g. out of 50 samples which were used to record fatigue life 98 percent show a mean life
cycle of 1.5 million and 2 percent show a life cycle of 10,000 cycles. This could be experimental or measurement error. In

this case if the customer is positive that the life cycle of a given component cannot be so low then those sample should be

Create a model with and without the outlier(s). If the model remains unaffected (very marginally affected) by the absence of outliers,
then you can drop them. Again, this should be documented.

If the model (R"2, Adj. R"2 change drastically) then we could do following:
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e One option is to try a transformation. Square root and log transformations both pull in high numbers. This can make
assumptions work better if the outlier is a dependent variable and can reduce the impact of a single point if the outlier
is an independent variable.

e  Another option is changing the model itself. E.g. In the given image, exponential model would do a better job with the

outlier intact.

3. Treat separately: If there are significant number of outliers, we should treat them separately in the statistical model. One of
the approaches is to treat both groups as two different groups and build individual model for both groups and then
combine the output.

In other words:

If you look at Postprocessing—Integrity—Health some design may be marked as “Outliers” (see next image).

E‘L:E Integrity summary |FH Farallel Coordinate li Distribution |%* Scatter 20 |.L. Scatter 3D Jlllt Pareto Plot °/° Linear Effects X Interactions | |55

Label Varname Category QOutliers LCL ucL Min Bound 99% !
1 E} length_.1 m_1_length_1 Variable 1] -1.4641929 2.8373076 -0.4800000 -0.4
Category
2 EP length_2 m_1_length_2 Variable 1] -0.7111775 27271775 0.0320000 0.0¢ 3 Health
3 EP length_3 m_1_length_3 Variable 1] -1.7257522 1.7564408 -0.9360000 -0.9
2 Summary
4 E} length_4 m_1_length_ 4 Variable 1] -1.7310632 1.7322265 -0.9838917 -0.9 o o
3 Distribution
5 E} length_5 m_1_length_5 Variable 1] -1.7545827 1.7361098 -0.9926531 -0.9( 7 "
|4|Qua||ty
6 EP radius_1 m_1_radius_1 Variable 1] -3.5184052 34352989 -1.9521605 -19
7 EP radius_2 m_1_radius_2 Variable 1] -0.8515785 14642141 -0.4268479 -0.3
8 E} radius_3 m_1_radius_3 Variable 1] -1.0365364 15221498 -0.4511399 -0.4
9 E} height  m_1_heigh Variable 1] -1.6013487 1.7889657 -0.9802714 -0.9
10 ﬁ( Displac... m_1r1 Response 1] 0.7484965 19110507 0.9318950 0.9¢
11 % Stress m1r?2 Response 1] 104.84605 360.57682 156.01526 162
12 ﬁ Volume m_1r3 Response 1489893.3 22058405 1646680.0 166

To better understand which run (and hence which combination of design variables) is the cause of the outlier, go to
Postprocessing—Distribution—Box Plot (see below).
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ll Distribution I*—i Scatter 2D “._ Scatter 3D |lly Pareto Plot f Linear Effects ,x Interactions El

E:E Integrity Summary Iﬁlﬁ Farallel Coordinate

UJ éé Label Volume £ =
Points  61.000000

T — Unique  61.000000

Index: 53 1 f¢ lenatl o values 0.0000000

Y - Volume: 2188810.0 . ., Bad Values 0.0000000

iJ¢ tengt Minimum  1645680.0

3 .+ lengtt  1stQu 17528300

Volume

— I

Lab

K |

- v . Median 1839370.0
4 T+ lengt

- | Mean  1847866.9

. o

5 e lenott 3rdqu 19250200

e Maximum 2188810.0
6 | F« radius

Range 542130.00

i j} radius_c H_1_tauius_s

L | 8 E+ radius_3 m_1_radius_3

o v z
9 T+ height m_1_heigh
0 “# Displacement m_1.r 1

11 G Stress milr2

12| % Volume m.1.r3

Channel

4 pack Nt WP

By hovering across the outlier, the run number and the response (here Volume) is shown along with other information such a total
number of runs (here 61), minimum and maximum values of the volume.

In a linear static run like the one conducted, the outlier refers to a “real” (or reasonable) result, i.e. model run successfully
completed. However, in an explicit run (like crash simulation), the outlier may indicate that the run was — let’s phrase it very general
— subjected to some issues such as run terminated “accidently”: Maybe convergence was not reached at the time the analysis
terminated. In such cases HyperStudy extracts the last available response value which may be far off from all other designs ...

Hence, one step you would pursue is to check the model (and results) of the run indicated in the BoxPlot (here run 53). All relevant
files are contained in the respective working directory. You can access to it easily by Browsing the folder or Going to the Folder
from

Evaluation step or Summary tab of the Post-Processing Step.

=

£ Go to Directory | Browse files

x Show related file directory % u
i s L e 'F+ length_3 |

52 -0.5000000 0.0000000 -1.0000000

-1 -0.5000000 0.0000000 -1.0000000 I

54 -0.5000000 0.0000000 -1.0000000
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6.7.5 Parallel Coordinates (Snake Plot)

El mtegrity | Summary‘FFH Parallel Coordinate | |jflj Distribution |}= Scatter 20 |.L: Scatter 3D

Some characteristics of this plot:
e A vertical, equally spaced parallel line is drawn for each variable and response

e A horizontal line is drawn for each design

By default, the min and max range for each selected variable/response is displayed at the top and bottom of an axis. Each run in
the data is represented as a colored line passing through the axes.

Helps to identify patterns, clusters, relations

Data can be filtered to focus on a range

Order can be changed to reveal relations
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For instance, the “Diameter” (shown in the left) ranges from 25.05 to 94.95, Height (second vertical line) ranges from 47.47 to
184.62 etc. By picking a curve (design of interest) you get another graphical feedback regarding the importance/impact of a
particular design variable on this design.

Alternatively, you may look at a particular response, let's say Volume. If your project aim is to find a design within a given Volume
range, span (open) an appropriated window (left mouse) ver the acceptable Volume range. As a result, all model configurations
(here 5) which result in the desired volume range (shown in the lower right corner) are depicted. In addition, the graph helps to
understand the effects of individual design variables (e.g. height) on the Volume (for instance, height significantly the volume).
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2.18881e+00(

-0.438 U.03 -0.94 -0.98 -0.99 -1.95 <043 -0.45 -0.99 U.93

 Filter = "
| Label I Varname

| 1] T+ length_1 m_1_length_1
| 2|'Fe length2  m_llength2
7 :I* length_3 m_1_length_3
| 4|'F length 4 m_llength4
| 5|"Je length s m_llengths
—5 3* radius_1 m_1_radius_1
T :I* radius_2 m_1_radius_2
? EE* radius_3 m_1_radius_3
| 9|!F height m_1_heigh
E % Displacement m_1_r_1

I s Stress mbliE2

E x Volume mlr3

156.02 1.64668e+00(
&, £, &, L L _ 2 s, a
T T T T S
5 i Channel
A ook Nex W)
Snake plot
Integrity | Summary P Parallel Coordinate m Distribution |4+ Scatter 20 |.L  Scatter 30 | ‘u]_l[ Pareto Plot f Linear Effects x Interactions
deo2 1.95 0.95 0.97 0.98 2.00 0.99 1.00 0.93 1.64 32415 2.18881e+001
-0.48 0.03 -0.94 -0.98 -0.99 =1.95 043 045 -0.99 0.93 1586.02 1.64668e+001
£ & £ & & R y, o 4, o5 3§ b,
g g o &7

e P s 1 B s, < = 4 U %

Sake plot, local zoom
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Overall, the above described visualization methods are applied to better understand the data, e.g. to see trends etc. By using a
combination of these methods, you should see effects (or be able to extract information) in the data you wouldn’t see by
restraining/focusing on a single plot/graph.

6.7.6

Scatter 2D / 3D Plots (Anthill Plots)

Scatter plots (or anthill plots) are 2D representations of all responses and variables. Each dot stands for one computation (= one
line of the table). The X and Y axis can be any column of the data set. The purpose of the scatter plots is to graphically highlight the
relationships between a variable and a response or a response and a response.

Some characteristics:

e displays all variables and responses.

e indicates the dependency between the two axes.

Correlation coefficients

e can have a value from -1 to 1

e -1indicates a strong but negative correlation and 1 indicates a strong and positive correlation.
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49 gock  Next EEp

In the left upper insert / chart a 2D scatter plot depicting the effects of Volume and Diameter are shown. Quite obviously, there is a
correlation between both design variables. The picture looks very different if we plot Manufacturing costs vs. Height. Here the data

are scattered; there is no clear pattern.

Alternatively, you may create a correlation plot as shown on the right side. In here “1” refers to a positive correlation, -1 indicates a

negative correlation.

One of the most powerful aspects of a scatter plot, however, is its ability to show nonlinear relationships between variables.
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Furthermore, if the data is represented by a mixture model of simple relationships, these relationships will be visually evident as
superimposed patterns.

6.8 Postprocessing - DOE Specific

Altair HyperStudy

Postprocessing — DOE

https://altair-2.wistia.com/medias/z61qvrmn49

E:E Integrity Summary |FH Parallel Coordinate li Distribution | = Scatter 20 'l Scatter 3D |l Pareto Plot / Linear Effects x Interactions

The DOE specific options are shown on the right side of the image:

e Pareto Plot
e Linear Effects (Effects table and Linear Effects Plot)

e Interactions (Interactions Table and Interactions Plot)

6.8.1 Pareto Plot

This is a DOE post-processing technique that presents the effects of the variables on a response in a bar chart which ranks the
effects from largest to smallest. These simple to understand charts are an effective tool to present the results of a DOE.

Hashed lines with a positive slope indicate a positive effect (have a close look at the colored “columns” in the image below). If a
variable increase, the response will also increase. Hashed lines with a negative slope indicate a negative effect. Increasing the
variables lowers the response.
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For instance, in the example shown below increasing “length_5" has a negative effect on the Max_Disp and hence would result in
smaller displacements. Increasing “length_1” has a positve effect and would result in a larger maximum displacement.

1y 100 Response E!‘ = .
1.7526° Loo ||
o I S I I P e s 50 Label Varname
- [llﬁ Max _Disp r_1
1.36317 2
o 2 ﬁ Volume r.2
@ 116847 c
0 e || 3 ﬁ: Max_Stress r_3
xtﬂ_973ET' 50 ;
s NN SN NS WU IR U S———
= 077894 - 40 2
0.58421 30 &
0.38947 - 20
0.194731 5 - 10
B AN T Sy O NN BN e L B, | (PR I R
oL ‘ 1 | 3 : 22 il =
& & & & & 3 :
Ty Oy, G g fb@‘? o %’Ws %—Ws e
- el = = = ~ = f=F Channel
==

Pareto plot

In order to control the number of displayed variables or to activate the “Effect curve” click on the following icon

| Response | =] " = "
© Effects based on all variables
Linear effects
B variables e
v Effect curve
B Showin v
%, Report to v

Pareto settings

This panel allows you to control the information being displayed:
e ‘“Effects based on all variables”. When enabled, the effect is calculated using all variables simultaneously.
e ‘“Linear effects”. When enabled, the effect is calculated using each variable independently (same as linear effects)
e ‘“Displayed variable selector”. Controls the number of variables (bars) displayed in the plot. This setting does not
change the calculated effects
e ‘“Effect curve”. Displays a line to show the accumulation of total effect

Looking at the plots below, one can quickly see that the red bars are very important to both of the first two responses. Looking at
the labels, this means that “thickness” is important for “Mass” and “Disp”. The variable — color combinations are consistent for all
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Pareto Plots shown at a given time. This is useful for visualizing the effects of multiple variables on multiple responses at the same
time.

[ Study_2h_complete - Hyperstudy vI40 (11013911510) |
| Eile Edit Yiew Jools Applications  Help [
E B s 0
1% Bokcer 5 Drecory m[ﬁwimwmwilmh- mm|}£: Scamer30 | | [l Pereto Flot /Wﬂmixm l
4 f sy = 55409 0.0046329 " B=
al & 681 |:| 0 0042276 lm,l 'l
l&w 47537 0003754 : Varnamy
. Define models 41586 L :
¥ Define design... 35546 '
i Specifications | E 5 239705 7 i
= 23784 |
& Eriie 1 782 ’ I
.'-‘ Definé respon. 1 18821 ’ |
@ Postprocessis | | sl F A ) i |
a2 CANCER AT “
- ‘!«:'3 FullFact3l 2187 H
¥ Select dessgn ..
s 10
P | 4 I
¥ Spedifications 257161 & h
W Evaluate 0 4
B st . 92 871 - 2
.- f . 2160721 2o
] Report 128 68 > 2 A
+ g FulFact2t_128 9% 44 7 !
¥ Select design ... 64.26%1 ﬂ : S L
. 25 /
¥ Select respons.. P £ [ - — S |
¥ Specifications Gt A, FvTR A Thee F i R .
our ~e
¥ Evaluate 2 X Axts -
. Post protessing
- 1 ! s s m)
j;M_:;_!_uﬁmmgrtmyuw.wufwmm Errors: 2 Wemegs: 3|

Each bar represents the effect a variable has on the selected response. You can choose to calculate the effect independently
(linear effects) or collectively (multivariate). The line, called the Effect Curve, indicates the cumulative effect. Effect curve is what

you want to look at if you want to check whether the Pareto Principle holds true for your case. In the example Pareto plot below, 80-
20 rule is valid as only a small subset of the design variables has a significant effect on the response, Styling.

What else do you observe in this example plot (hint: check the hashed line slopes)?
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1.2603 100
1.13431 - 90
1.00837 - 80

0.882231 - 70

2 07562 (60 3

.0.63016 F50 O

© 0 504131 Fa0 2
0.37811 F30 ®

0.252071 - 20
0.126031
0

6.8.2 Linear Effects

Linear effects are plotted by drawing a line between the average value of the response when the design variable is at its lower
bound and the average value of the response when the design variable is at its upper bound.

/ Linear Effects [x Interactions

E:‘E Integrity | Summary |H§iﬂ Parallel Coordinate li Distribution -}.—L Scatter 2D |J.._ Scatter 3D ‘ ‘j_l]_[[ Pareto Plot

Run Summary | % Statistics

Ll Histogram ‘ 28 Box Plot ‘ +': Scatter 20 ‘ L Scatter 30 | | (& Effects Table| «” Linear Effects Interactions Table | &% Interactions

0.007 H H E H E : : H : 3 = 5 z z z z E .\.-'ariable
i i i i : : : : *  Thickness Label Varname (ol
i : |==——tBPEffact: Thick -> Disp = -0.0015997 ‘
0,005 | —@—Efiect: R1 > Disp = -1.93¢:05 FIRL _ miRlL___|Val
' ? i : : i f : 3 ' 3 R2 m_1_R2 Vai
4 Hl m_1_H1 Var -
_80 = O S O | BN 1 l ’
0.0031 | Response 0O € ~
: Label Varname o
0.0024 1 Mass ril R|5|
|2] pisp r2 R~
0.0011 [ F—TT— g
0 : ‘@ Channel ‘

As a reminder: A horizontal line implies that this design variable has no impact on the design performance (red curve), whereas the
blue curve depicts a negative relationship of the design variable (here Thickness) on the design (for a small value of the design
variable Level -1 the response (here “Displacement”) is at about 0.0025, whereas at its higher bound Level +1 the Displacement is
less than 0.001.

For completeness the definition of Interactions and Effects are repeated here:
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6.8.3 Interactions

An interaction is the failure of one variable to produce the same effect on the response at different levels of another variable.
In other words, the strength, or the sign (direction) of an effect is different depending on the value (level) of some other variable(s).
An interaction can be either positive or negative.

In the Interactions tab you can view the effect of a design variable on a response at varying levels of other design variables in an
interaction plot or interaction table.

To change the format interactions are displayed, click (Interactions Plot) or (Interactions Table) above the Channel selector.
For the design matrix below, interactions are calculated as:
Effect of X whenY = +1is (401-401)/2=0

Effect of X when Y =-1is (1601 - 1) / 2 = 800
Interaction of X on Y is then (0 - 800) = -800
Effect of Y when X = +1is (401 - 1601) / 2 = -600

Effect of Y when X =-1is (401-1)/2 =200

Interaction of X on Y is then (-600 - 200) = -800

I S A T

2 0 2 401
3 2 0 1601
4 2 2 401

Design matrix

Note that interactions are symmetric; that is:

Interaction XY = effect of (X) on effect of (Y) = effect of (Y) on effect of (X)
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! | el |nteraction: DV 1 [ 0.0000000],0% 2 -= Response 1 = -300.00000
=ik == |nteraction: DV 1 [ 2.0000000], 0V 2 -> Response 1 = -200.00000

Interactions plot

In the I-Beam example recorded by Joseph Pajot the before mentioned steps are discussed again.

Altair HyperStudy

|-Beam Example

by Joseph Pajot

https://altair-2.wistia.com/medias/Ir6pahlwsp

For a casual blog article summarizing post-processing, have a look at http://innovationintelligence.com/confessions-of-a-dataset/
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7 Introductory Examples

In the following hands-on exercise, we’'ll start with a HyperMesh model. In other words, we are going to start up HyperStudy from
within HyperMesh.

Note: Basic HyperMesh skills are required, as we are not going to give an introduction in HyperMesh here — even though we show

some very basic steps in this first tutorial. In case you need to learn HyperMesh, please attend the free eLearning course: “Learn
Pre-Processing with HyperMesh” available in the Learning and Certification Program (http://certification.altairuniversity.com/) or
/and the free eBook: Practical Aspects of Finite Element Simulation (http://www.altairuniversity.com/free-ebooks-2/free-ebook-
practical-aspects-of-finite-element-simulation-a-study-guide/)

In the successional exercises (further below) we will learn how to:

e Parameterize a solver deck in HyperStudy
e  Work with a HyperMesh and HyperMorph Model in HyperStudy
e  Work with an Internal Math model in HyperStudy

7.1 Study Setup for a HyperMesh Model with TH, Size and Shape Variables

This exercise outlines the procedure for selecting design variables in HyperMesh and adding them to a study. A HyperMesh
database that includes a beam with thickness and shape variables is loaded into HyperMesh. HyperStudy is then launched from
HyperMesh and the design variables are selected for HyperStudy.

QRCE = 100000

The “beam_shape.hm” model
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The file for this exercise is named: beam_shape.hm (see the zipped model files which come along with this eBook). Please copy
this file to your working directory first.

711 Load the File “beam_shape.hm” into HyperMesh Desktop

While the HyperMesh desktop application starts, select the User Profile “OptiStruct”

Custamize user interface:

Application: IHyperMesh j
 Default (Hypertesh)
¢ RADIOSS [Black14n Bl
& OptiStruct
© Abagus |standlardsn Bl
 Artran
 Ansys
 Exodus Sierra_SD j
© LsDyna Keywordd?1_REO  ~|
 Madyma badymao?l j
o Marc kdarc3D j
 Nastran MastrantdSC j
 Pamcrash Pamcrash2Gz014 j
 Permas |
i Bamcef

v Always show at start-up

8] Cancel ¥
User Profile

71.2 Reviewing the Model

As a common working practice review the given model first.

The loaded HM model already contains all relevant information such as loads, load steps, material, property and most importantly
“shape definitions” (Note: the shapes have been created by using the Morphing technology available in HyperMesh).

J\ ALTAIR  Altair Engineering, Inc. All Rights Reserved. / altair.com / Nasdag: ALTR / Contact Us 95


http://altair.com/
https://www.altair.com/contact-us/

J\ ALTAIR

eBook / Introduction into Design of Experiments DOE with HyperStudy™

L]
B - "' - ' el D
Entities De
g Assembly Hierarchy
i@ Card (1)
‘@ Component (2)

- B Rigids

L@ Domain (32)
I # Handle (15)
Load Collector (3)
@ B EIGRL3 3
HE 1
Load Step (2)
~gp Modal
~dp Static
Material (1)

L)
OO

ra
O0m

— ra

"ﬁ Shape (10)
R Title (1)
“ - Model Info 10

For visualization purposes all previously defined shapes are applied to the model. In the image below, the brown colored elements
represent the base model (without applied shapes), whereas the green colored elements represent the model with applied shapes

(i.e. multiplier = 1).

All shapes applied, base model in brown color
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Relevant Model Information
Variables:
R1, R2, H1, H2, 11, 12, 4 Beads along Y and Z, Shell Thickness Define responses:

Mass, Y-Displacement at node 19021, 1st Frequency

7.1.3  Start HyperStudy and Create a New Study

From the pull-down menu, select Applications — HyperStudy.

Preferences | Applications | Help

f\- ﬂBatchMesher
&R HyperCrash
% HyperStuchy

<55 RADIOSS
&3 OptiStruct
Z Hypertdath

Tools

This launches a Message Log and the HyperStudy application and enables the link between HyperMesh Desktop and HyperStudy
for reading model variables and enabling model file output for the study.

Note: Since the design variables are interactively updated within HyperMesh Desktop, the application must remain open throughout
the study, and the new input file for the next run is written out from HyperMesh Desktop.
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£ HyperMesh: Untitled - HyperStudy v14.0 (120.28.945924) -
File Edit View Tools Applications Help

B e

% Welame ‘ [4 Rnany‘

S
-

Start a Study:
New s;dv

E

Open Study

Recent Studies:

5

C:/...[Example_Beam_Template/Exa
mple_seam_| emplate xmi

€:fUsers/goelke/Study_t.aml

C:f...[HyperStudy_v14.0.120.28.945 |°
924/Study_Lxmi

Quick Start:

Beam Template

d

Beverage Can

Generic Solver W ook Next EEp
[E] Messegerog © &
w 1 Message: Settings location ( C:\Users\goelke\AppData\Locall\Altair\HyperStudySettings.xml ) =
@ 2 Message: Settings location ( C:\Users\goelke\AppData\Local\Rltair) . v14.0.120.28.945924 w1 )
« '
Ready

In HyperStudy, click on “New Study” to create a new study based on the model.

¥ Welcome ‘ 4 Ready

Start a Study:

Mewr Study

r

Open Study

In the HyperStudy—Add window (see image), click OK to use the default labels for the study label and variable.
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P ™
4 Add - HyperStudy (130.21.1019016) [

Label: Study_1

Varname: s_1

Location

....... MAltair\HyperStudy_v14.0.130.21.1018016 = B

OK 1 [ Cancel ]

Note: User interface shown above refers to HyperStudy 14.130

After hitting the “OK” button the following window will be prompted:

o HyperMesh: Study._1 - HyperStudy v14.0 (120.26.945924) == =
¥ ® E|% e
:E Explorer | = Directory A Define Models
e \{ Study_1 Add Model Remove Model
4 [f sew
& i Active Label Varname Model Type Resource
Define models
[%] Define design variables
[x] Specifications
[%] Evaluate
[%] Define responses
[%] Post processing
¥ Report © o add an item click here or press "Add Model"
< 1 r
{Q’f} Import Variables W pack  Next
E] Message Log © %‘E]
L] 1 Message: Settings location ( C:\Users\goelke\AppData\Local\Altair\HyperStudySettings.xml )
M 2 Message: Settings location ( C:\Users\goelke\AppDatz\Local\Altair\HyperStudySettings v14.0.120.28.945
[ 3 Message: Saved study ( Study 1 (s 1) )
«| 1l »
/ Study_1 / Setup ( Nominal Run, 5 Steps ) / Post processing

We are now in the Study_1 (label used before) Setup.
Clicking on Add Model...

opens up the HyperStudy - Add dialog box.
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o HyperStudy - Add - HyperStudy v14.0-120 (.. IES

Label: Model 1

Varname: m_1

Select Type

{3 £0 Ix

Parameterized File  Internal Math  Spreadsheet

® G

HyperMesh MotionViews Workbench
SimLab FEKO

ok || cancel || apply

This dialog box allows you to assign a name label to this model and change the variable type as well as specifying the application
origin of the model.

Since the source file is a HyperMesh model, we need to select the HyperMesh icon/symbol. We also accept the default values and
add this new model to the study.

Ensure that the “Solver execution script” drop-down selector is set to OptiStruct ( os ).

 HyperMesh: Study_1 - HyperStudy v14.0 (120
File Edit View Tools Applications Help

‘i xplorer | T Directory ' Define Models
4 f sway1 Add Model Remove Model
4 LR sety I el
& sewp Adtive Label Varname Model Type Resource Solver input file | Solver execution scripk |  Solver input arguments
[ Define models -
1 ¥ Model 1 m_1 € HyperMesh D:/home/goelke/ALTATR/Altair_Academics_2011_2015/1_Altair_USA/3_EBooks_University_Book/Volume... v i RADIOSS ( radioss ) | Sfile
%] Define design variables :
— 4 RADIOSS ( radioss )
[¥| Specifications
[¥ Evaluate @ OptiStruct (0s )
[¥ Define responses Templex ( templex )
x
SliFostiprosessing| Hyperxtrude ( hx )
[x| Report
Python ( py )
TCL(td)

HyperMath ( hmath )
A MotionSolv...one (ms)

None ( Hst...ver_None )

< Register new Solver ...

Ensure that the “Solver input arguments” is set to $file. In the “Solver input file” field, enter “beam.fem” (Note: this file doesn’t exist
yet. The file name will be assigned to all the different model variants created by HyperStudy).
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Solver input file Solver execution script Solver input arguments

beam.fem @ OptiStruct ( 0s ) Zfile

Also notice that the “Define models” step is not completed yet — otherwise you would see a green check mark.

E N - HEE

.iE Explorer | =1 Directory f Define Models
‘ 4 Study_1 Add Model Remove Model
4 LR set
‘& P Active Label Varname Model Type

Lefipemodels 1 Model 1 m_1 & HyperMesh
(%] Define design variab...

(¥ Specifications

(%] Evaluate

(%] Define responses

(¥ Post processing

(%] Report

Next, we define, actually import variables (located at the bottom of the Work Area) to bring up the Model Parameters dialog box
and to add OptiStruct Model Parameters in HyperStudy.

A Waiting... dialog box will appear to connect HyperStudy with HyperMesh Desktop application (and waits for your input)

-

HyperStudy - Waiting...

HyperStudy is waiting for ( HyperMesh ). ( HyperMesh ) may be waiting for your input.

g | — D

[ Help H More... ]

Proceed with design variables selection from the “Model Parameters” dialog box.

J\ ALTAIR  Altair Engineering, Inc. All Rights Reserved. / altair.com / Nasdag: ALTR / Contact Us 101


http://altair.com/
https://www.altair.com/contact-us/

eBook / Introduction into Design of Experiments DOE with HyperStudy™ A A LTA I R

"\ Model Parameters { = | (=] ‘ﬁ]
“ariahle name:
Initial value:
Lower bound: [~ Applytoall selected iterns Add
Upper bound: [~ Applytoall selected iterns Ramove
Hyperhdesh Model Farameters HyperStudy Parameters
=+ Model
- Thickness
- Shape
- haterials
- FORCE
(0]4 Cancel

The exciting “thing” is that HyperStudy automatically knows about available model parameters, i.e. Thickness, Shape(s), Materials,
and loads (FORCE). This makes the next steps rather easy ...

71.4 Add Model Parameters

Expand the HyperMesh Model Parameters for “Thickness” and “Shape”; Add all of the variables (Thickness and Shape) shown in
the picture below to the HyperStudy Parameters list as well. Click OK to exit the Model Parameters dialog box.

If you select Thickness: PSHELL.T.1, the respective values (initial, lower and upper bound) are displayed. Of course, lower and
upper bounds can be customized (even later if needed).
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J\ ALTAIR

Yariahle name:

Initial value:

Loweer bound:

Upper bound: pooez [ Applyto all selected items Eemove
Hyperhdesh Model Parameters HyperStudy Farameters
= tModel
=+ Thickness

EE(RIEUL AR
n.noz
p.onte [ Applyto all selected items Add

Lower and upper bounds of shell thickness are automatically considered to be +/- 10 % of the initial value. Please note, that this will
be discussed in some detail in the Design Variable step of the main user interface.

Don’t forget to confirm your selection/setting with “Add”. Only then the HyperMesh Model Parameters will be added/listed under

HyperStudy Parameters.

-

r
 Model Parameters

— | (O] -

Yariahle name:
Initial walue;

Lower bound:

head_z_25
[
g0 W Appleto all selected iterms Add

Upper bound: 1.0 ¥ Apphito all selected items Rarmove
Hyperbesh Model Parameters HyperStudy Parameters
= Model PSHELLT.1
=+ Thickness
PSHELLTA

= FORCE

Ok, | Cancel |
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Note: The Model Parameters window default width may not be wide enough to show the “Add” and “Remove” buttons that are on
the top right side of the window. If so, please enlarge the window.

Click “Next” (lower right corner of the screen) to advance to the “Define design variables” step and review the variable properties
such as lower and upper bounds, initial values, etc.

The image below depicts information shown in the “Details” tab.

18 Explorer {0 Directory T+ Define Design Variables Details | ffly, Distributions (ﬁ Link Variables
a 4 Study 1 Add Design Variable (£} Remove Design Variable
4 L4 Setup Active Label Varname Model Parameter Model Type Data Type Mode Values Distribution Role
2 DEff”e m"f’e's : [al= PSHELLT1  dv_1 m_1.Thicknes.. v & HyperMesh Real + ~ Continuous 0.0018000, 0.0022000 ... '+ Design
g DEf"Te_ de_ﬂg” jabley 2 ¥ RLS m_1.Shape.S.. ~ € HyperMesh Real ~ ~ Continuous -1.0000000, 1.00000... -  F+ Design
;@: Specifications 3 ¥ R2S m_1.Shape.S.. ¥ € HyperMesh Real ~ A Continuous -1.0000000, 1.00000... - | k+ Design
@ E"alruate 4 ¥ HLS m_1.Shape.S.. = & HyperMesh Real ~ ~ Continuous -1.0000000, 1.00000... - | k+ Design
[ Define i 5 H2.5 m_1.ShapesS.. v € HyperMesh Real + ~ Continuous -1.0000000, 1.00000... - . f+ Design
¥ Post processing 6 V] 115 m_1.Shape.5.. v € HyperMesh Real ~ ~ Continuous -1.0000000, 1.00000... - | f+ Design
Bl Report 7 ¥ 125 dv7 m_1.Shape.S.. v & HyperMesh Real ~ A Continuous -1.0000000, 1.00000... - , F+ Design
8 V] bead_zS m_1.Shape.S.. v € HyperMesh Real ~ / Continuous -1.0000000, 1.00000.. - .+ Design
9 bead_y.S m_1.Shape.S.. ~ € HyperMesh Real ~ ~ Continuous -1.0000000, 1.00000... -  F+ Design
10 [# bead_y 2.5 m_1.Shape.S.. ¥ Real ~ A Continuous -1.0000000, 1.00000... - | k+ Design
1 [¥] bead z 2S5 dv 11 m_1.Shape.S.. ¥ Real ~ ~ Continuous -1.0000000, 1.00000... - | F+ Design

Design variables imported to HyperStudy from the HyperMesh model

Click “Next” to advance to the “Specifications” step to run the Nominal Run.

45 Explorer | £ Directory Specifications
4 f study 1
4 LH Set
‘g EHR Mode Label Varname Details
[#| Define models : Py 3 S
= 1 Q) {, Nominal Run MNom Run system at initial values
g desamvarablcs 2 (9] 4, System Bounds Check Chk Run system at initial values, then lower and upper values

[# Specifications
[# Evaluate

[T Define responses

3 ® Q, Sweep FillSweep Sweep system values from lower to upper values

[%] Post processing
[%] Report

As mentioned under Details, the Nominal Run, runs the model using initial values (e.g. no shapes applied).

7.1.5 Submit the Nominal Run

24 Appl
Click on Apply P to accept the Nominal Run option and then click Next.

Make sure Write, Execute and Extract have their flag “on”, to write and execute the nominal run for this study.
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iﬁ Tasks

Evaluation Data

[ Evaluation Plot

J\ ALTAIR

'Eg Go to Directory | Browse files

StepIndex Write
1

Execute

Extract

2 ¥
3 ¥
4 V]
s 0
=

Q Run tasks

Active Task Batch

Create Design [
Write Input Files |[]
Execute Analysis |[C]
Extract Responses []
Purge - |E
Create Reports  |[C]

Click on “Evaluate Tasks” to start up the Nominal Run.

@ Stop % Evaluate Tasks

'h Back

Next W

o HyperMesh: Study_1 - HyperStudy v14.0 (120.28.945924) [==] =%
File: ‘Edit - View Tools Applications: Heip
= e
EN. AR o
E:E Explorer EE% D\rg{jtury| ¥ Tasks EH l& Evaluation Plot
4 \i Study_1 ?g{;om Directory | Browse files =,
4 LR sewp StepIndex Execute Extract Active Task Batch -l
Define models % K 1 Create Design [
Define design variables 2 Write Input Files [
Specifications 3 Execute Analysis [ 7
Evaluate 4 Extract Responses [
Define responses s @ Purge - | [
Post processing 6 Create Reports [T it
Report Q Run tasks
@ Stop % Evaluate Tasks « Back Next *

HyperStudy writes all of the necessary input files to the study directory and executes the run using OptiStruct (mind that the files

are named beam.* as defined earlier).
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A W, W W W gy o
e B B

#| | = test » Beam_DOE » approaches » nom_1 » run_00001 » m_1

- ‘ +y H Searchm 1
s

R ——

= Include in library ~ Share with MNew folder

MName : Date modified Type
beam.fem 10/19/2016 1:22 PM  FEM File 436 KB
beam.h3d 10/19/2016 1:22 PM  H3D File 241 KB
| beam.html 10/19/2016 1:22 PM  HTML Document 6 KB
'\ beam.mvw 10/19/2016 1:22 PM  Altair HyperWorks... 2KB
4 beam.out 10/19/2016 1:22 PM  OUT File 8 KB
beam.res 10/19/2016 1:22 PM  RES File 921 KB
beam.stat 10/19/2016 1:22 PM  STAT File 7KB
4 beam_001.out 10/19/2016 12:07 ...  OUT File 8KB
beam_001 stat 10/19/2016 12:07 ...  STAT File 1KB
4 beam_002.0ut 10/19/2016 12:10..  OUT File 8 KB
beam_002 stat 10/19/2016 12:10 ..  STAT File 7KB
| beam_frames.html 10/19/2016 1:22 PM  HTML Document 1KB
| beam_menu.html 10/19/2016 1:22 PM  HTML Document 7KB
hwsolver.mesg 10/19/2016 1:22 PM  MESG File 1KB

The “Messages” window at the bottom of the user interface will indicate when the model has completed execution (or if an error

occurred because of a faulty model).

Once the run has completed, click “Next” to proceed to the “Define responses” step.

= e —— <
:E Explorer ?% Directory ﬁ( Define Responses
4 \1 Study_1 Add Response 2] Remove Response File Assistant
4 O sew
Lg P Active Label Varname Expression Value Comment

Define models

Define design variables
Specifications
Evaluate

Define responses

Post processing

Report

© o add an item click here or press "Add Response”.

7.1.6 Create Responses and Compare the Response Values

In this step you will create three output responses: Max_Disp, Max_Stress, and Volume. For this purpose you will use the File
Assistant. File Assistant guides you through the response setup and it uses the Response Expression Builder in the background.

To see how the same responses are defined using the Response Expression Builder, please see Appendix.
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Create the Max_Disp output response.
e From the Directory, drag-and-drop the crank.h3d file, located in approaches/nom_1/run_00001/m_1, into the work
area.
¢ In the File Assistant dialog, set the Reading technology to Altair® HyperWorks® (Hyper3D Reader) and click Next.
e Select Multiple items at multiple time steps (readsim), then click Next.
e Define the following options, then click Next.
e Set Subcase to Subcase 1 (SUBCASE1).
e Set Type to Displacement (Grids).
e Set Request (first - last) to N27099 - N40946.
e Set Component to MAG.

o File Assistant e

Multiple items and components at one time

step
File: yp/HS-2000/approaches/nom_1/run__00001/m_1/crank.h3d
Subcase: Subcase 1 (SUBCASE1) -
Type: Displacement (Grids) -
Request: N27099 N40946
- F_f_j First request - - F_f_j Last request
Components: D ¥ E MAG ~
By .
z i

a ) 1] ot tmestep
» Show Preview

< Back ‘ [ Next = l l Cancel

e Label the output response Max_Disp.

e Set Expression to Maximum.
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£ File Assistant @
Create a resvector Templex expression

Create a new Response
Label: Max_Disp
Varname: milrl

Comment: ~resvector(crank.h3d,Displacement (Grids),N27099,N40946,MAG,MAG,0,Subcase 1 (SUBCASEL))

Expression: | max(resvector(getenv("HST_APPROACH_RUN_PATH"} +"/m_1/crank.h3d",1,0,13844,3,3,0,0)) Maximum -
< Back I [ Finish l | Cancel I

e Click Finish. The Max_Disp output response is added to the work area.

Create the Max_Stress output response

e From the Directory, drag-and-drop the crank.h3d file, located in approaches/nom_1/run_00001/m_1, into the work
area.

¢ In the File Assistant dialog, set the Reading technology to Altair® HyperWorks® (Hyper3D Reader) and click Next.

e Select Multiple items at one time step (readsim), then click Next.

o Define the following options, then click Next.

o Set Subcase to Subcase 1 (SUBCASE1).
o Set Type to Element Stresses (3D).

o Set Request (first-last) to E38257 - E94809.
o Set Component to vonMises (2D & 3D).

e Label the output response Max_Stress.
e Set Expression to Maximum.

e Click Finish. The Max_Stress output response is added to the work area.

Create the Volume output response.

e From the Directory, drag-and-drop the crank.out file, located in approaches/nom_1/run_00001/m_1, into the work
area.

e In the File Assistant dialog, set the Reading technology to Altair® HyperWorks® (osmass.tpl) and click Next.

e Select Single item in a time series, then click Next.

e Define the following options, then click Next.

o Set Type to OptiStruct Analysis.
o Set Request to Out File.
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o Set Component to Volume.
e Label the output response Volume
e Set Expression to First Element.
e  Click Finish. The Volume output response is added to the work area.

Click Evaluate Expressions to extract the output response values of each expression. The values of the output responses are
presented in the table below:

Active Label Expression
il Max_Disp max{readsim(getenv("HST_APPROACH_RUM... see
2 Max_Stress max(readsim(getenv("HST_APPROACH_RUN... -
3 [ Volume m_2v1[0]

Finally, we can save the Study

7.1.7  Save the Study

In the File menu, select Save / Save As ...

File | Edit View Tools Applications Help

New... Ctrl+MN
[ Open... Ctrl+0

Close Ctrl+W
H Save Ctrl+5
' Save As..

If this study has not yet been saved, a “Save As ...” dialog box will pop up requesting a name for the Study archive. The study is
then saved as a *.hstx file

This completes the general model / study set up (so far nothing about a DOE was specified). To proceed click on “Next” in the
lower right corner of the GUI. You then will be asked to

“Add Approach”

Create Report P Dack  hiout S ‘ I

Add Approach..

Goto »

This opens up another window which allows you to proceed with a DOE, FIT, Optimization or Stochastic study.
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Create Report h Back  Mext ‘ ‘

f HyperStudy - Add - HyperStudy v... ﬁ
Label: Doe 1]
Varname: doe_1
Select Type
2 -
| v
5 Doe Fit
_1 = C
Optimization Stochastic
[ OK l ’ Cancel ] [ Apply ]

7.2 Study Setup of a Parameterized File Model for Size Variables

In the previous example the design variables (i.e. Shapes, Material etc.) were directly imported to HyperStudy (to recall:
HyperStudy was started from within HyperMesh).

In the following example the procedure for parameterizing the shell element thickness (design variable) using the HyperStudy
Editor is shown.

HyperStudy Editor inserts TEMPLEX statements to parameterize the solver input deck with respect to user commands. In
HyperStudy Editor, user points to input file, highlights the values that needs to parametrize to be design variables. The editor than
inserts templex statements to create the “parametrized input deck” to be used as a resource file for HyperStudy.

This kind of process gives you a great deal of flexibility, also because it is applicable to any ASCII input file, including Altair and
non-Altair solvers such as in-house codes.

In this exercise, an OptiStruct beam model is loaded into HyperStudy Editor. The study set-up is shown and a nominal run is
performed.

This exercise uses the model file, beam_size.fem (which should be copied to your working directory)
Model Information:

e Variables: Shell thickness

e Define responses: Mass
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7.21 Create a New Study within HyperStudy

In HyperStudy, click on “New Study” to create a new study.

o HyperStudy - Add - HyperStudy v14.0-120 (120.23.. eS|
e —

Label: Study_1

Varname: 5.1

I Location

rsity_Book\Wolumed_HyperStudy\Indesign\Beam_Size « D

Create study directory in subfolder, based on Varname

oK I l Cancel ]

In the “HyperStudy — Add” window, click OK to use the default labels for the study label and variable.

The study directory is used to contain all of your HyperStudy run files. By default, the Study Directory is your default HyperWorks
user profile directory. Most users create subdirectories for their study directories according to the study or date to better organize
their information.

7.2.2 Add a Model to the Study

Click “Add Model” to bring up the HyperStudy - Add dialog box.
This dialog box allows you to select a model type and assign a label to this model.

Select “Parameterized File” and click OK to accept the other default values to add this new model to the study.
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[

B (| E

[%% Directory ‘ j Define Models
[ m o

3 AddModel ) RE 1y hersrudy - Add - HyperStudy v14.0-120 (.. SESE
tup

Active Lab

Define models Label:
Define design variables Varname: m_1
Specifications s
Evaluate

Define responses { } f() \l?i.'

Post processing

Parameterized File = Internal Math  Spreadsheet

Report
‘  ® & = |
HyperMesh MotionView Workbench
Message Log B 1

I U 29 Message: SimLab
U 30 Message:
1 31 Warning:
U 32 Message:
@ 33 Message: I

FEKD

oK ] [ Cancel ] l Apply

< | 10

Setup ( Mominal Run , 1 Steps ) / Define models

In the “Resource” tab click on “ABC ...” to open the Open

File dialog box and to load the solver deck beam_size.fem.

o HyperMesh: Study_1 - HyperStudy v14.0 (120.28.945924) . l':' =] g
File Edit View Tools Applications Help

b e 6 |5E 2]

) &
2B Explorer |?g D\rectory‘ f Define Models

- \i Study_1 AddModel ) Remove Model
a L] sety
[—& P Active Label Varname Model Type Resource

=
[F] Define models . Model 1 m 1 {) Parameterized File f'c)
[x| Define design variables

Solver i

[x| Specifications
[ Evaluate

[%| Define responses
[%] Post processing
[X| Report

[ER] u (2]
%Importvarlab\es o pack  next

Note: If you load a file that does not contain parameters (as with our input file), a dialog will appear asking if you would like to
parameterize the file.

J\ ALTAIR  Altair Engineering, Inc. All Rights Reserved. / altair.com / Nasdag: ALTR / Contact Us 112


http://altair.com/
https://www.altair.com/contact-us/

eBook / Introduction into Design of Experiments DOE with HyperStudy™ A A LTA I R

o HyperStudy ﬁ

Mo parameters found in file.

T

Would you like to parameterize a copy of the
file?

;J, [ Yes ] [ No I lShow Details...| |

Of course, we select “Yes” to parameterize the file. The file will open in the HyperStudy Tools Editor as a *.tpl file.

{} Editor - HyperStudy v14.0-120 (120.28.945924) — —
— — — _ —
goelke\ALTAIR\Altair_Academics 2011 _2015%1_Altair_USA\3_EBooks University_Book\VolumeS_HyperStudy'Indesign\Beam_Sizels 1\beam_sizetpl |
EJ Create Edit ) Remove L 4 Previous Next [»r [IM
1 ss i i i i i i i i i i
? 5% Optistruct -Input-Deck Generated by HyperMesh - Version--: 11.0.0.39 i i i
3 5% Generated-using HyDer::b-iesthptiia:ruct -Template-Versionm-:-11.0.0.39
4 33 i i
5 £&  Template: joptiscrdct !
o P
s ] ] ] ] ] ] ] ] | )
B $$ optistruct ' '
> s : ' ' ' ' : ' ' ‘
1 ss .
11 & - e e CaSe ComETDL-CaIAA - fec e e e e e g
12 55 :
13 s
14  SHMNAME LOADSTER-- - -------- - -1"Modal"---- - -3
15 s i
16 SUBCASE 1 :
7 S : i i ; : : : i
18 METHOD((STRUCTURE) "= " *i-- -3 | i i i i i i
19 3 | | | | | | | | | |
SHMWAME LOADSTER- - - -+~ - - 2"Szatie® - - 1 ] ] : : |
i i i i

The Editor allows you to browse through the model file etc. After closing the Editor HyperStudy automatically loads the *.tpl file in
the Resource column (see image below) and inserts the file name in the “Solver input file” column.

Ensure that OptiStruct ( os ) is input as the Solver execution script, and that the Solver input arguments is set to $file.

j Define Models

Add Model Remove Model
Active Label Varname Model Type Resource Solver input file Solver execution script Solver input arguments Comment
i Model 1 m_1 {} Parameterized File D:/home/goelke/AL... f“m] beam_sizefem @ OptiStruct {os) $file
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7.2.3  Setup the Design Variable for PSHELL Thickness

To start up the Parameter Editor dialog box click on “ABC ...” in the “Resource” tab. This opens up the beam_size.tpl file. In the
Search field, type PSHELL in the String to find field. Make sure to flag “Match case” checkbox and click on the arrow until you find
the PSHELL Thickness card (in OptiStruct the thickness of the shell elements is specified in the PSHELL command).

{} Editor - HyperStudy v14.0-120 (120.28.945924) — | O] -

goelke\ALTAIR\Altair_Academics_2011_2015\1_Altair_USA\3_EBooks_University_Book\Volumed_HyperStudy\Indesign\Beam_Size\s_1\beam_size.tpl D

Create Edit Remove 14 prrevious Next [+ [M =

8250 = -~
8251

8252 ¢ i
8253
8254
8255 &3
8256 $5 PSHELL Data

8257  s5

BISB & oo do
8250  SHMNAME {PROP- - -1 - - 1R -4

8260 SHWCOLOR-PROP -« < - vvvoohievreiqonrno g

8261 BSHELL - -« - - - B 10.002 - e Lo e T 0.0 - R N
8262 55 |
8263 ££- -MATI Data |_|
8264 55 -
BN 111 | 3

n n

Search

4 PsHEL] V] match case P

The PSHELL thickness card highlighted in the “Editor” window

The initial thickness of the shell elements is 0.002

Parameterization

Within the line for the PSHELL card, select the value for the PSHELL thickness as shown below.

55 §¢
56 §&--PSHELL Data : : :
57 §¢ i i '
- B R EE R S PRI R
59 SHMNAME -PROP:- - - - - 1L"PSHELL™-4 : i
60 SHWCOLOR-PROP- - | -~~~ - AR 3
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In an OptiStruct deck, each field within a card is 8 characters long. In order to select the value for the PSHELL thickness properly,

select the value (0.002) as well as the three spaces following the value.

With the eight-characters selected, right-click on the selection and navigate the context menu to select “Create Parameter” to bring

up the Design Variable Parameter dialog box.

8255 st ; ; ; |
8256 55 'PSHELL -Data | : :
8257 &¢ i [ i j | |
8258 [ —— ......................... ........ , ................ ........ :
8259 SHMNAME PROP- - - " """ ' """ " 1L"PSHELL™ - 4
8260 S$HWCOLOR PROP - i+ - - i - Tj¢ cxsan 5§
8261 PSHELL-i-- - -1« 1S — o
8262 ss i 5 ¢ Create Parameter
8263 &5 -MAT1 Data ! '
< : & Include Shape
<l 2 Edit
Search | ¥2  Detach
# Remove
4 PSHELL v | Match cg —
¥ 1@ Attachto

In the Parameter dialog box, enter Thickness in the “Label” field. The “Format” as “%-8.5f". Then close the dialog box.

Parameter - varname_1 - HyperStudy v14.0-120 (120.28.945924)

e

Label: Thickness
Varname: wvarname_1l
Lower Bound Initial Upper Bound
0.00200 0.00200 0.00200
_ Set percent: +f-
6 Set value: +f-
| Format:  %-8.5f -
0K ] ’ Cancel ] [ Apply
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{} Editor - HyperStudy v14.0-120 (120.28.945924)

[ ) = X

=

goelke\ALTAIR\Altair_Academics_2011_2015\1_Altair_USA\3_EBooks_University_Book\Volume9_HyperStudy\Indesign\Beam_Size\s_1\beam_size.tpl D [

= (7]

- B

Annotations

Whitespaces

Line numbers

Overview and cursor position

PUENENENEN|

Column guides
{templex_on/_off}

Create Edit Remove 4[] 4[] Previous  Next [» [IM
/8251 !
SE: 71y
8253
| 8254 ¢
8255 sg ! !
8256 $S - PSHELL Data
8257 sg i i
PRSI - vt st S el e e wea S o ey
8250  SHMNAME ';PROP ...................
8260 $HWCOLOR CBROB - - i e e e e i
25-33 8261 []psHELL - - - - - -1 I, age
(8) [ sHELL 1 1 0.0
8262 g !
/ 8263 $&- -MAT1 Data
|84 ss .
<o |
Search
4 PSHELL Match case b

L Back Mext B

oK ] [ Save ] [ Cancel ]

The Thickness variable now shows as Design Variable within the Parameter Editor. The entry can be edited to check/edit the
values within the variable which are used within HyperStudy for design exploration.

Note on “Edit”

Right click on the variable to review/edit values and select Edit from the menu list

OR

8260
s8z61 [
8262
8263
8264
8265
BTARR

N [T

Search

SHWCOLOR BROP - - -+« - oo oo Tooees 3

PSHELL - ::-:--- - T 10 oo SR [T

88 =F Create Parameter

g% M

23 & Include Shape

SHMNA] :

suwen| |2 Edit Y@ varmmame_1
w2 Detach r
#  Remove v

Click on the green quad and select Edit from the menu list
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{} Editor - HyperStudy v14.0-120 (120.28.945924) =en X
goelke\ALTAIR\Altair_Academics_2011_2015%1_Altair_USA\3_EBooks_University_Book\Volume9_HyperStudy\Indesign\Beam_Size\s_1\beam_size.tpl D
EJ Create |2 Edit E) Remove 4[] 4 Previous  Next [» [M = o
8251 -
8252 =
8253
' 8254 ¢
8255 &2
8256 £% - -PSHELL Data
8257 &£
8258 3 ..............................................................................
8250 SHMNAME PROP- - - -i-- - - """ 1"PSHELL"™ - 4
8260 S:_].WCDLOR 3 PRO .................. l ....... 3
25 - 32 8261 ’:,ﬂn.:'..ur_r.r__.. Lt |
(8) |& Edit 1 0.0
8262 - - :
"] I 1l
8263 Detach | ]
8264 |3 Remove * X
O —t
4 | T T I
Search
4 PSHELL [] match case P

Click on “Save” to save this Template file as a model (beam_size.tpl). Then the window is closed by clicking on OK.

After the parametrization of the solver deck is completed (i.e. the variable is defined) the design variable needs to be imported into
HyperStudy:

Import Variables @ pack  Next

In the Message Log window, the information is prompted that 1 design variable was successfully imported.

Message Log

w 38 Message: Imported wvariables from model (s)
Number of design wariables ( 1 )

Click “Next” to proceed to the “Define design variables” (inside HyperStudy)

7.2.4  Verify Model Parameters

HyperStudy reads the Templex statement in the beam_size.tpl file automatically and imports the design variables.
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On the HyperStudy main screen under the “Define design variables” step, HyperStudy shows the design variable that has been
imported and lists it as a Template variable under Model Type.

u 2 2 =]
,_E" Define Design Variables Details i Distributions 9{" Link Variables

Add Design Variable Remove Design Variable
Active Label Varname Lower Bound Initial Upper Bound Comment
1 Thickness m_1 varname 1 00020000 .. 0.0020000 ... 0.0020000 ...

The Design Variable Linked into HyperStudy

To edit the “Lower Bound” either type in the new value directly or click on “...” to open up the dialog window. As lower bound, we
enter 0.0018.

u : : T
,_E* Define Design Variables Details | llly Distributions f Link Variables

Add Design Variable ) Remove Design Variable

Active Label Varname [ Lower Bound ‘ Initial Upper Bound Comment
1 Thickness m_1 varname_1 0.0018000 | ... | 0.0020000 ... 0.0020000 ..
Lower Bound Initial Upper Bound
0.0018000 0.0020000 0.0020000
Set Range
@ Percent: 4f
() value: +/-
OK J l Cancel ] [ Apply I

We are advancing to the “Specifications” step:
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45 Explorer | £5 Directory

4 A study 1
4 & Setup

Define models
Define design variables
[# Specifications
[# Evaluate
[] Define responses
[%] Post processing
[%] Report

7.2.5 Submit the Nominal Run

i§ Explorer | = Directory Specifications
4 f swdy1 e _
4 ‘g Setup
Define models

Define design variables

Label Varname Details Value

Q, Nominal Run Nom Run system at initial values Number of runs 1

2 Q System Bounds Check Chk Run system at initial values, then lower and upper values
23 Specifications

[# Evaluate
[Tl Define responses

3 ® Q, Sweep FillSweep Sweep system values from lower to upper values

[%| Post processing
& Report Q Settings

@Appw = Nt )

Select the “Nominal Run” option, click on “Apply” (to accept the selection), then click on “Next”.

<5 Explorer | = Dpirectory 4 Tasks Evaluation Data lﬂt Evaluation Flot
4 4 Study_1 £+ Go to Directory | Browse files =.
4 LR Setup StepIndex Write Execute Extract Active Task Batch =
[+ Define models 1 1t Create Design ]
Define design variables ) Write Input Files [
Specifications 7 Execute Analysis [] [
& Evaluate 4 Extract Responses [
[7) Define responses 5@ Purge - |H

[%] Post processing

6 Create Reports 7]
¥ Report 0 Run tasks

e Stop g% Evaluate Tasks @ pack | Next W)

Make sure Write, Execute and Extract have their flag “on”, to write and execute the nominal run for this study. Eventually, to start
the Nominal Run click on Evaluate Tasks.

HyperStudy writes all of the necessary input files to the study directory and executes the run using OptiStruct. The “Message Log”
window at the bottom of the user interface will indicate when the model has completed execution. Once the run has completed,
click Next to proceed to the Define responses step section.
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7.2.6 Create the Response and Compare the Response Value

Steps are similar to the previous exercise.

7.2.7  Save the Study

In the File menu, select Save As... and assign a name to this study archive which will be saved as *hstx.

7.3 Study Setup of a Parameterized File Model with Shape Variables

The following example is kind of special:

HyperMesh will be used to create and export Shape Variables only. The model will then be parameterized in HyperStudy — similar
to the previous exercise. In other words, the model will be exported from HyperMesh (HyperMesh can be closed then) and
HyperStudy is started as a “standalone” product.

To better understand the differences (advantages/disadvantages) of both processes we highly recommend to study the first
example as well.

Linking HyperMesh and HyperStudy, i.e. by starting up HyperStudy from within HyperMesh, as shown earlier, is extremely
comfortable (and easy to use) as HyperStudy recognizes the design variables automatically. Hence no parametrizing is needed.

So, what do we gain by giving this up and parameterizing the model in HyperStudy?
In this particular case HyperMesh is dispensable.

This is especially helpful if you are dealing with rather big models (many design variables & runs) which makes it admirable to run
HyperStudy in Batch-Mode on a cluster (HPC).

Hence, the focus of the example below is on how to create and export Shape design variables in HyperMesh and to parametrize
the model in HyperStudy afterwards.

This exercise uses the model files, beam_shape_with_shapes_noDV.hm and beam.fem. Copy these files to your current working
directory next.

Model Information:
Variables:
R1, R2, H1, H2
Define responses:

Mass
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7.31 Creating the Shape Variables in HyperMesh

Please note, we are not going to create the shapes in the context of this tutorial. The shapes are already contained in the given
model (if you like to learn more about the Morphing technology used to create the Shapes we refer you to the Online Help or/and
recommend to attend a respective seminar).

The model (file) provided is an OptiStruct model. Hence, after starting HyperMesh select the User Profile OptiStruct.
Open the HyperMesh model (File—Open—Model....) named beam_shape_with_shapes_noDV.
hm

Provided you went through the first example (Study Setup for a HyperMesh Model with TH, Size and Shape Variables) you will
recognize this model.

7.3.2  Creating Design Variables for the Shapes

At that time the shapes contained in the model were not shape variables yet (they are part of the database but not actively used
yet).

Hence, in HyperMesh Desktop, use the drop-down menu:

Optimization—Create—Shape Desvars.
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| Optimization | Post XYPlots Preferences

Create
Edit
Assign
Delete
Card Edit

¥ v w.w

Organize  *
Renumber ¥

OptiStruct
0SSmooth

Topology Desvar
Topography Deswvar
Free Size Desvar

Free Shape Deswvar
Composite Shuffle Deswvar
Composite Size Deswvar
Gauge Deswvars

Size Desvars

Shape Deswvars

Desvar Relationships

Deswar Links

Responses
Constraints

Ohbjective References
Ohjective

Tahle Entries
Design Equations

Discrete Design Values

J\ ALTAIR

In the center of the shape panel, change the drop-down selector box from “single desvar” to “multiple desvars”.

# desvar desvar = | shape = |
«  export
initial value = 0 .000
lower bound = 1.000 e | single desvar
& create upper bound = 1.000
©  update i move limit default |
: o diva | o ndomopiing | |
# desvar shapes
«  export
initial value = 0 .000
lower bound = 1.000 e | multiple desvars
& create upper bound = 1.000
©  update = | move limit default |
< no adva | L domerhing | |

Click on the yellow “shapes” button above the “multiple desvars” drop-down selector to bring up the shape selector panel Select the
shapes R1, R2, H1, and H2 as indicated in the image
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VI R1 [l bead_y
W] R2 [0 bead_y_2
W H1 [ bead_z_2
MO H2

Al n

Tl 12

[ bead_z

Click the “create” button on the far-right side of the panel to create one design variable for each of the shapes selected. HyperMesh
Desktop will bring up a dialog box asking if you wish to change to non-linear shape design variable options because of rotations in
the shapes. Click “No” to create these shape parameters as linear variables.

Selected shape(s) appear to be non-linear due to rotations. Switch to non-linear options? (y/n)

Yes | Mo

The newly created design variables R1, R2, H1, and H2 are listed in the Model Browser.

Entities D©

g Assembly Hierarchy

+i@ Card (1)

i@ Component (2)

5@ Domain (32)

7@ Handle (16)

14, Load Collector (3)

i Load Step (2)

Hig Material (1)

+#g Property (1)

—ig% Shaps (10)
- R TE
- B2 z O
- Hi 10
- HE 410
@f) n FE
@f) |2 £
@ head_z |
- head_y il
- head_y 2 50
@ head_z_? 10 @

— ) Titls (1)

| Model Info 10

= Design Variahle (4)
1k Rl 1
[k Re 2
Sl 3
:E" Hz 4
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7.3.3 Export the Design Variables as a .shp File

On the left-hand side of the shape panel, switch the selector from desvar to export. This allows us to export the grid perturbations
for the shape displacements in a number of formats.

e  Switch the “analysis code”: selector to HyperStudy and “sub-code”: to OptiStruct

desvar file: ‘shﬁpes.shp

export as... |
& export

animate |

analysis code: sub-code:
v HyperStudy v ‘ OptiStruct

|
e Edit the filename in the “file” field to be “shapes.shp”

e Click “export as...” to save the file
This completes the working steps in HyperMesh (HM can be closed). The actual study set-up is in HyperStudy.
7.3.4  Create a New Study within HyperStudy
This time HyperStudy is started from within the Start Directory (Windows).

In HyperStudy, click on “New Study” to create a new study

% Welcome

Start a Study:

New St
News Study g

F
Open Study

In the HyperStudy - Add window, click OK to use the default labels for the study label and variable.

& Add - HyperStudy (130.21.1019016) =

Label: Study_1

Varname:; s_1

Location

....... hAltair\Hyperstudy_v14.0.130.21.1019016 - E

o] [cencei]

A ALTAIR Altair Engineering, Inc. All Rights Reserved. / altair.com / Nasdaq: ALTR / Contact Us 124


http://altair.com/
https://www.altair.com/contact-us/

eBook / Introduction into Design of Experiments DOE with HyperStudy™

Proceed to the “Define models” step

7.3.5 Add a Model to the Study

Click “Add Model” to bring up the “HyperStudy — Add” dialog box

o Study 1 - HyperStudy v14.0 (120.28.945924)

J\ ALTAIR

[T Define models

[%] Define design variables
[%] Specifications

%] Evaluate

[%] Define responses

[*] Post processing

[%] Report

w

m =1 oy

w
w

e B B = !§|
45 Explorer | F5 Directory f Define Models
4 f swdy1 Add Model

e Active

l§| Message Log @

Remove Model

Label Varname

Message:
Warning:
Message:
Message:

Clo=ing study

The stundy dire
Creating the dj
Saved study ( £§

o HyperStudy - Add - HyperStudy v14.0-120 (.. ESE

Label:

Varname: m_1

Select Type

i)

Parameterized File

£()

Internal Math

2+

Spreadsheet

® G ™=

HyperMesh MotionView Workbench
SimLab FEKO
[ OK l l Cancel l l Apply

As before - This dialog box allows you to assign a name label to this model and change the variable type as well as specifying the

application origin of the model.

As we are parameterizing the model in HyperStudy, “Select Type” is set to “Parameterized File”, accept the other default values.

Of course, we need to import the regular FE model into HyperStudy. In this regular file (ASCII) the shape variables exported from

HyperMesh will be embedded.

Import of the regular FE Model:

f Define Models

Add Model Remave Model

Active

1 [

Label

Model 1

Varname Model Type

m_1 {} Parameterized File

Resource

Solver input file

Solver execution script

@ RADIOSS ( radioss )

In the “Resource” tab open the Open File dialog box (ABC ...) and navigate to file beam.fem
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If the referenced /loaded file does not contain parameters, a dialog will appear asking if you would like to parameterize the file.
f HyperStudy Li—hj

MNo parameters found in file.,

Would you like to parameterize a copy of the
file?

Yes ] ’ No ] [Show Details...

Select “Yes” to parameterize the file, the file will open in the HyperStudy Tools > Editor... as a .tpl file (here beam.tpl).

{} Editor - HyperStudy v14.0-120 (120.28.945924) B X
ALTAIR\Altair_Academics_2011_2015\1_Altair_USA\3_EBooks_University_Book\Volume9_HyperStudy\Indesign\Beam_Shape_Template\s_1\beam.tpl D
B Create Edit Remove ] 4 Previous Next [@» [@M =
-
it 2 S5 -Optistruct Input Deck Generated- by HyperMesh Versioni-:-11.0.0.39 s
3 £% Generated - using HyperMesh-Optistruct - Template Versiom-:-11.0.0.39 i. |
4 £g e
3 §5 - -Template: -  -optistruct
6 gs
7 3
8 &5 opti=struct
9 =
10 S — s
11 o e A M e e I Case COMEITOL -CATAS - - - - - -« - - s e m o m e e e &
12 B ] s
13 s
14 SHMNAME ‘LOADSTEH:- - - - -« - -« oo - 1wgtatic™- - - .- g
15 &
16 SUBERASE, - 1 W
«[ b
Search
4 PSHELL [] match case P

Ensure that OptiStruct (os) is input as the Solver execution script, and that the Solver input arguments is set to $file.

J\ ALTAIR  Altair Engineering, Inc. All Rights Reserved. / altair.com / Nasdag: ALTR / Contact Us 126


http://altair.com/
https://www.altair.com/contact-us/

eBook / Introduction into Design of Experiments DOE with HyperStudy™ A A LTA I R

,f Define Models

Add Model Remove Model
Active Label Varname Model Type Resource Solver input file Solver execution script Solver input arguments Comment
1 Model 1 m_1 {} Parameterized File D:/homefgoelke/ALT... f“] beam.fem @ OptiStruct ( o0s ) Sfile

.g% Import Variables - Back  Next

Now it's time to add the shape variables to the model FEA deck (beam.tpl)

In the Resource tab click on “ABC” again, which then opens up the Parameter Editor.

7.3.6  Set up the GRID Points to Create a Shape Template

In the Parameter Editor dialog box (right mouse click), “Select Nodes” — GRID. This automatically selects all lines starting with the
keyword GRID in the beam.tpl file (here: line 45 to line 4150).

{} Editor - HyperStudy v14.0-120 (120.28.945924) ==y X
ALTAIR\Altair_Academics_2011_2015\1_Altair_USA\3_EBooks_University_Book\Volumed_HyperStudy\Indesign\Beam_Shape_Template\s_1\beam.tpl D
) Create Edit Remove [ 4 Previous Next [I» [ =
2 SS-Opt,is'truct-In'put-Dec]:f-Generat-ed-by-:-ly"perMesh-'Version-'- :11.0.0.39 i i i e
3 25 Generated using -HyperMesh-Optistruct ‘Template Versiom-:-11.0.0.39 |_|
4 58 —
5 &£% - -Template:: -optistruct
b 57 Create Parameter
7 sf
8 £% optistruct & Include Shape
9 =
0 $f8——— ] Edt o b <
lg 11 _f_f ........................ CaSe 'Contr o Detach ................. ?
12 L e st e [y I | =
13 & #  Remove
14  SHMNAME -LORDSTEE- - - - - - - R 1nse
b [ Attach to
15 £
16 SUBCASE------- 1
17 P H Selector Ctrl+
18 - -METHOD (STRUCTURE) -=- - -i--- - - 3 v Search Ctrl+F
19 3%
20 $HMNAME -LOADSTEBR- - -~ -~ - --- - - ZmM Cut Ctrl+X
21 ¢ Copy Ctrl+C
22 SUBCASE - - - - - 2
o SPC = - 1! Paste Ctrl+V
24 LORD =+ - 2 Delete T
4 |l 3
Select All Ctrl+A
Search #  Select Nodes > GRID
*NODE
4 PSHELL [] match case  »
0K /NODE Cancel
iid
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With the GRID cards selected, right-click on the selected area and navigate the context menu to select “Include Shape”

{} Editor - HyperStudy v14.0-120 (120.28.945924)

=

;. i)

ALTAIR\Altair_Academics_2011_2015\1_Altair_USA\3_EBooks_University_Book\Volume9_HyperStudy\Indesign\Beam_Shape_Template's_1\beam.tpl E]
Create  |Z Edit [ Remove 14 4 Previous Hext [r [IM = -
T 4071 s i i =

4072 HET Create Parameter i i
4073 Sk B ! :
aiia i Include Shape i i
4075 189 . i i
4076 189 o i §
4077 189 Detach : :
4078 189 i i
4079 Remove ; ;
4080 Attach to i i
4081 i i
4082 Selector Ctrl+ ; L[
4083 ! !
4084 Search Ctrl+F i i
4085 i i
Cut Ctrl+X : :

4087 Copy Ctrl+C i i
4088 Paste Ctrl+V : :
4089 i i
4090 Delete ; ;
4091 i i

' 4002 . Select All Ctrl+A : :

i 4093  [eiigg Select Nodes L4 ; ; o

I 4 b

|

| Search

|

4 PSHELL Match case P
| I oK I | Save | [ Cancel l

In the “Shape Template” dialog box, navigate to the location where the “shapes.shp” file was saved. Open the “shapes.optistruct.

node.tpl” file in that directory.

J\ ALTAIR  Altair Engineering, Inc. All Rights Reserved. / altair.com / Nasdag: ALTR / Contact Us

128


http://altair.com/
https://www.altair.com/contact-us/

eBook / Introduction into Design of Experiments DOE with HyperStudy™

2\ ALTAIR

{} Editor - HyperStudy v14.0-120 (120.28.945324)

-

ALTAIR\Altair_Academics_2011_2015\1_Altair_USA\3_EBooks_Uni

Create |= Edit [ Remove 4]

f Shape Template

*d

: |

1-

Search

Match case P

4 PSHELL

—
) |l « Indesign » Beam_Shape_Template » v| +y H Search Beam_Shape Te... P|
- =il
Organize ~ New folder =~ 1 @&
& OneDrive - Altair “  Name Date modified Type
(55 Librari b _usr 10/20/2016 5:23 PM  File folder
ibraries
i - | approaches 10/20/2016 5:23 PM  File folder
‘. Documents
TM - ksl 10/20/2016 5:45 PM  File folder
. usic -
;; L = |.;| shapes.optistruct.node.tpl 10/20/2016 5:13 PM  TPL File
=, Pictures
B videos
‘& Computer

& System (C)
«# Data (D2)

=5 TOSHIBA EXT (E)

@' Network

1

T<|

a1l

| }

File name: shapes.optistructnode.tpl

- IShape Template (*.node.tpl] v]

| Open H Cancel ],,;

This replaces the nodes in the model with the parameterized shapes, and the shapes are imported into the list of design variables.

In other words, all the GRID data are replaced by the include file which we referenced in the previous step.
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-

{} Editor - HyperStudy v14.0-120 (120.28.945924)

=If X

i
ALTAIR\Altair_Academics_2011_2015\1_Altair_USA\3_EBooks_University_Book\Volumed_HyperStudy\Indesign\Beam_Shape_Template\s_1\beam.tpl D
B3 Create Edit Remave 4[] Previous nNext [» [IM = -
32 &g -~
33 5% -Stacking Information for Ply-Based Composite-Definition Ir
34 gg L
35
36
37
38 PARAM,CHECKEL,NC - - -
39 F4
40 $§-  DESVARG Data
41 sg
42 ss _
43 55 'GRI[f!-Data
44 &3 : : i
42 45 {includei A fsha!pes c r:npt:ijstruct .ﬂade c tpl";}
46 &5 § i i ' i
47 2% - SPOINT Data
48 £2
40 3
30 £-RBEZ Elements - Multiple-dependent nodes
5 £
| | 32 RBEZ - - - - - 22822 - -1901%- -12345& - 14997 - -14998- - -14995 . - - 15006 - -1500%,
. 53 R e 15002 - -15003%- - -15004 - - -15522%- - -15524- - -1552% - - -1552&- - -15827,
54 s R 15828 - -15829- - -15830 - -15831 - - -15832- - -15833 - -15834. - -15835 -
| < (i r |
L
Search I
(]
4 PSHELL [ | match case P |
0K ] ’ Save l ’ Cancel

Click on Save to save this Template model (beam.tpl), then select OK to exit and return to HyperStudy. Next step is kind of exciting
again. Will the Design Variables be “recognized” and imported in HyperStudy? To import the variables to HyperStudy, click on

“Import Variables” (at the bottom of the Work Area).

45 Bxplorer | 5 Directory J Define Models

4 3{ Study 1 Add Model Remove Model
4 [f setu
4 P Active Label Varname
v =
Define models . Model 1 m.1

Define design variables
Specifications
Evaluate

Define responses

Post processing
Report

E\ Message Log @

File D:fhome/goelke/ALT..

Resource Solver input file

f_'_a_c) beam.fem

@ 14 Message: Imported variables from model (s)
Number of design variables [ 4 )
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Looks good. Great. We can proceed with the next step.

7.3.7 Verify Model Parameters

HyperStudy reads the Templex statement in the beam.tpl file automatically and imports the design variables.

u 4 * O
vF¢ Define Design Variables Details |, Distributions | &7 Link variables

Add Design Variable Remove Design Variable
Active Label Varname Lower Bound Initial Upper Bound Comment
1 R1 -1.0000000 .. 0.0000000 .. 1.0000000 ..
2 R2 -1.0000000 .. 0.0000000 .. 1.0000000 ..
3 H1 m_1_Hl -1.0000000 .. 0.0000000 .. 1.0000000 ..
4 H2 m_1_H2 -1.0000000 .. 0.0000000 .. 1.0000000 ..

- Back  Mext -
Under “Define Design Variables”, HyperStudy shows the design variables that have been imported.
More information about the design variables are listed under “Details”.
f} Define Design Variables petails | ffil, Distributions 6? Link Variables
Add Design Variable Remove Design Variable
Active Label Varname Model Parameter Maodel Type Data Type Mode Values Distribution Role
1 R1 m_1 Rl m_1R1 ~ | {} Parameterized File Real ~ ~ Continuous -1.0000000, 1.00000... - :} Design
2 R2 m_1R2 v {} Parameterized File Real ~ ~ Continuous -1.0000000, 1.00000... - , £+ Design
3 H1 m_1H1 w | {} Parameterized File Real ~ ~ Continuous -1.0000000, 1.00000... - , i Design
4 H2 m_1H2 + {} Parameterized File Real ~+ ~ Continuous -1.0000000, 1.00000...  « E}- Design
€ ok Nex: EEp
And eventually, we are ready to start the Nominal Run
Click Next to advance to the “Specifications” step to run the Nominal Run.
45 Explorer | {= Directory # Tasks || evaluation Data |\ Evaluation Plat
4 4 Study_1 £ Go to Directory | Browse files = -
4 L& setup StepIndex Wirite Execute Extract Active Task Batch =
Define models i i |
[¥| Define design variables 2 v |
I Specifications 3 Execute Analysis |[] i
# Evaluate 4 Extract Responses []
[T Define responses 5 0 Purge -8
%] Post processing 6 Create Reports [ -
&/ Report Q Run tasks

e Stop @ Evaluate Tasks @ Back  Nexr EEp
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7.3.8 Submit the Nominal Run

Make sure Write, Execute and Extract have their flag “on”, to write and execute the nominal run for this study. Click on Evaluate
Tasks and then Next.

HyperStudy writes all of the necessary input files to the study directory and executes the run using OptiStruct. The Messages
window at the bottom of the user interface will indicate when the model has completed execution.

% Tasks Evaluation Data | |/, Evaluation Plot

t= GotoDirectory | Browse files

StepIndex Write Execute Extract

1 [# Success Success Success

Once the run has completed, click “Next” to proceed to the “Define responses” section.

7.3.9 Create the Response and Compare the Response Value

To complement the study setup, we need to define responses (same process as in the other examples; included in here for your
convenience).

We are going to look at the response of type Mass. Information about the Mass is contained in the beam.out file.
Define Responses:

e The steps are same as the previous exercise.

7.3.10 Save the Study

In the File menu, select Save to save the current Study. If this study has not yet been saved, a Save As... dialog box will pop up
requesting a name for the Study archive.

Save the study archive in the working directory using the file format *.hstx

7.4 DOE Method Comparison: Arm Model

In this quite comprehensive example, the following aspects will be addressed:

e Set up a Full Factorial DOE
e Setup a 2-Level Resolution Ill, IV and V Fractional Factorial DOE
e Set up a 3-Level Fractional Factorial DOE

e Set up a Plackett-Burman DOE

Compare these methods in accuracy and efficiency
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The files used in this example are

e crank_morph.hm
e arm_model.tpl Template file
e arm_model.optistruct.node.tpl Grid coordinates template

e arm_model.shp Grid perturbation vector data for arm_model.optistruct.node.tpl

7.41 Problem Definition

The arm shown below is clamped at one end and under an axial loading on the other end. This model has been meshed and
modeled in HyperMesh. Linear static analysis is performed using HyperWorks finite element solver, OptiStruct.

The current (nominal) design gives a volume of 1.7667E06 mm3 , a maximum displacement of 1.41 mm and a maximum stress of
195.29 MPa. The designer can change the following properties of the arm: 6 shape variables for the overall length and height of the
part, 3 shape variables for the three radii (see image below).
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length_1
length_2 Sl

radius 2

radius_1

length_5

length_4

Shapes defined on the “arm model”

The design can change shape in nine different regions, as shown on the image above, and five responses are of interest as
detailed below.

Shape design variables:

Length1 Lower Bound = -0.5, Initial Bound = 0.0, Upper Bound = 2.0
Length2 Lower Bound = 0.0, Initial Bound = 0.0, Upper Bound = 2.0
Length3 Lower Bound = -1.0, Initial Bound = 0.0, Upper Bound = 1.0
Length4 Lower Bound = -1.0, Initial Bound = 0.0, Upper Bound = 1.0
Length5 Lower Bound = -1.0, Initial Bound = 0.0, Upper Bound = 1.0
Radius1 Lower Bound = -2.0, Initial Bound = 0.0, Upper Bound = 2.0
Radius2 Lower Bound = -0.5, Initial Bound = 0.0, Upper Bound = 1.0
Radius3 Lower Bound = -0.5, Initial Bound = 0.0, Upper Bound = 1.0

Lower Bound = -1.0, Initial Bound = 0.0, Upper Bound = 1.0

Height Three

Three responses:
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e Volume (mm3)
e Max Von Mises Stress (MPa) over all the model

e Max. displacement of all nodes of the model (mm)

7.4.2 Problem Setup

The nine different shapes (not shape design variables) are created with HyperMorph, a tool for doing parametric mesh-based
shape changes (morphing), contained in HyperMesh (In the morphing process, domains are created around the FE model features.
Handles are defined on the edges of these domains. By moving a handle, nodes in the associated domain will also move. Each of
these movements can then be saved as shape variables and can directly be exported to HyperStudy)

In this exercise we don’t show how morphing works but rather refer to the many Online Help tutorials about Morphing. We start, like
in the other example above, by creating (exporting) shape design variables from within HyperMesh.

Export the Shape Parameterization from HyperMesh
Review the crank_morph.hm model file in HyperMesh (make sure the OptiStruct User Profile is turned on).

To export the Shape Design Variables, go to Optimization—Create—Shape Desvars

Post XYPlots Preferences A

Create Topology Deswar
Edit » Topography Deswar
Assign » Free Size Deswar
Delete » Free Shape Desvar
Card Edit  » Composite Shuffle Deswvar
e Composite Size Deswvar
Fenumber » Gauge Desvars

Size Desgvars
OptiStruct Shape Desvars
DESmoath Desvar Relationships »

Desvar Links

Responses
Caonstraints

Dhjective References
Dhjective

Tahle Entries

Design Equations

Discrete Design Yalues

Make sure that “multiple desvars” are selected.
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& desvar shapes ﬁ create
©  export reject
initial value = 0 .000 animate
lower bound = -1 .000 - multiple desvars ‘
& create upper bound = 1.000
update s ‘ maove limit default ‘
= ‘ no ddval ‘ undo morphing | _

The lower bound and upper bound are set to -1 and 1 and initial value to 0. (i.e. all the shape desvars will have the same bounds).
Select all shapes (clicking on the yellow “shapes” panel)

W[ length_1 vl radius_3
v [ length_2 [ heigh
w[1 length_3

W[ length_4

vl length_5

v radius_1

W[ radius_2

and conclude this step with “create”. This creates a shape design variable for each shape selected. If you want to animate the
shapes, you can click the animate button.

=

—ip Design Variable (9)
- length_1

- J length_2

- length_3

- J+ length_4

- J length_&

-'F radius_1

- I+ radius_2

- I+ radius_3

:I,, heigh

[ e I = R ) R A e

The shape design variables will now be used in HyperStudy. However, we first need to export the variables.

Activate the radio button “export”, set the “analysis code” to HyperStudy (as we are going to use the variables in HyperStudy), and
“sub-code” to OptiStruct (the solver we are using in this study).

desvar file: [<</Bracket DOE/bracket_shapes.shap export as... |
& export
animate |
analysis code: sub-code:
A d ‘ HyperStudy v OptiStruct
I—TT—|

The file extension must be *.shp (here the file name is bracket_shapes.shp).

The following two files are written:

e bracket_shapes.optistruct.node.tpl (Grid/node coordinates template)
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e bracket_shapes.shp (Grid perturbation vector data for bracket_shapes.optistruct.node.tpl)

(Depending on your preferences, HyperStudy can be started from within HyperMesh. In that case all design variables would be
readily available in HyperStudy. Alternatively, HyperStudy can be started separately and the design variables are then “built” in the
study).

In the context of this example HyperStudy will be started as a standalone. The working directory is named Bracket_DOE.

o HyperStudy - Add - HyperStudy v14.0-120 (12.. ——

Label: Study_1

Varname: s 1

Location

Book\Volume9_HyperStudy\Indesign\Bracket_DOE + D

[] create study directory in subfolder, based on Varname

rrom— | m——

74.3 Define Models - Parametrization

The Study setup follows the same standard procedure as described in some detail in the other examples:

Define Models

e Type: Parameterized file

e Resource File: bracket.fem

e  Solver input file: bracket_DOE.fem (doesn’t exist yet)
e  Solver execution script: OptiStruct (os)

e  Solver arguments: $file

Specifying the resource file (bracket.fem) opens up the Editor.

All Grids (nodes) will be replaced by the shape design variables exported from HyperMesh before. Utilizing “Select Nodes
—GRIDS” will select all GRIDS in the ASCII file.

Right mouse click opens the dialog window shown in the image below: Select “Include Shape” to replace all GRIDS by an Include

file (here: bracket_shapes.optistruct.node.tpl)
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{} Editor - HyperStudy v14.0-120 (120.28.945924) ==
. -
imelgoelke\ALTAIR\Altair_Academics_2011_201541_Altair_USA\3_EBooks_University_Book\Volume9_HyperStudy\Indesign\Bracket_DOE\bracket.fem E
Create | Edit [ Remove 4[] A Previous  next [0 [ = -
1-.. 13862 Jo e 40824 CEOZTE-44.T08 45, TBOD -t i i 2
13863 TR P QG35 . . . ... G Moo DTl b B 0 L B o e S : :
13864 [SrEliiEEEr AQTE . e Clrte f TRE R e VORI et i : :
13865 P o e 5 Ee T o bttt actiioniaots LO63211B2 . 3844 13T .03 s : :
13865 crhnib e, e e : :
13867 (o I Create Parameter | S D, 2 5 D
lm ....... InC'Ude Shap‘e ...................... : :
13%9 ............................. : :
135?.0 A sl el A o PR | Edlt ...................... | |
13871 (S ik I .« o e : :
13872  [enEns P 0534 - - Detach ~» S P | ;
]35?3 ....... Remove ...................... I I
13&?4 ................................ : :
13875 Wl e et Attachto b | : :
13870 ehiibemeiaer ieelieee 0 EEETE T : : ]
13877 R Agag. - Selector Cirl+ [EBEer i : :
13878 | R R S Search Ctri+F [ R S : :
138?\9 .................................. | |
i 13880  [&:h s ISR R 094Z v Cut Ctrl+x s : : I
13&51 ....... OGRS I T L S R e e L ; ;
f P Copy Ctri+C | S : :
: 13883 Nt {rlidcteatec Paste Ctrlsy B ; ; |
. 13_8‘54 I - A Delete ...................... : : -
i R PR ;
Select All Ctri+A
| A #  Select Nodes »
| 4 PSHELL Match case P ||
| I oK I ’ Save ] ’ Cancel 'l

- < j i i i i i i
35 $%--DESVARG-Data ; : : ! i
36 ssg i i i i i i i
37 ss i i i i i i i
38 §5--GRID-Data | i l l i i
39 s¢ i ! ; ? ? i i
11 - 44 40 {includei-"l .optistruct.node. tpljgd - -
(34) 41 s | i i E E i i
42 &% SPOINT -Data | E E E E E
43 53 : : : | | i E
4 s : E E E E E E
45 £ -E..‘.I'ETR;A ; elemen;ts -ﬂ—nnd;ed : : : :
46 = i i i i i i i
47 CTETRA- ----66593 - - 1. -36690- - -34907- - - 35851 - - 35872
48 CTETRA | - 66594 - - 135272 - -35273 - 35280 - 38857
49 CTETRA- ----66595 - - - - L---37709- - -30540- - -37109- - - 30663
50 CTETRA- - - -6659§ L---36104- - 36311 - 34252 - 34300
=1 FTETRZ - - - - -AASET- - - - =TT - 37T E. - o=eass. 37437

Save the changes as a *.tpl file. The “Define Model” step is concluded by importing the design variables. In the Message Log, the

information should be p

rompted: 9 design variables imported.
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7.44 Define Design Variables and Nominal Run

The lower and upper bounds on the design variables can now be modified.

u g 5 =4
LE+ Define Design Variables Details | fllly Distributions f Link Variables

Add Design Variable

3 V]
4 [¥]
5 [¥]
6 V]
7 V]
8 V]
9 [v]

Before the Nominal Run (Evaluate Task) is started, make sure that Write, Execute and Extract are active (see below).

Label

length_3
length_4
length_5
radius_1
radius_2
radius_3

height

% Tasks Evaluation Data | |/, Evaluation Plot

;t?. Go to Directory | Browse files

StepIndex Write

1 [ Success

Extract

Success

Remove Design Variable

Varname Lower Bound
m_1_length_3  -1.0000000 ...
m_1 lencgth 4 -1.0000000 ...
m_1_length_5 | -1.0000000 ...
m_1 radius_1 |-2.0000000 ...
m_1_radius_2 | -0.5000000 ...
m_1 radius_3 -0.5000000 ...
m_1_heigh -1.0000000 ..

List of the all variables values

All the analysis files are written to the subdirectory: nom_1/run_00001/m_1
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0.0000000 ...
0.0000000 ..
0.0000000 ..
0.0000000 ...
0.0000000 ...
0.0000000 ..
0.0000000 ..

| 6
Q Run tasks
S s
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Upper Bound

Active Task
: 1 Create Design ]
: 2 @ Write Input Files |[C]
3@ Execute Analysis |[C]
4 ¥ Extract Responses | [C]
|5 B Purge ]

Create Reports  |[7]

1.0000000 ..
1.0000000 ..
1.0000000 ..
2.0000000 ..
1.0000000 ..
1.0000000 ...
1.0000000 ..

Batch

ﬂ% Evaluate Tasks

A4

11

Next
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Bracket DOE » approaches » nom_1 » run_00001 » m_1

-

J\ ALTAIR

ary ~ Share with - MNew folder

e
Mame

bracket DOE.fem
bracket_ DOE.h3d

- | bracket_ DOE.html

A bracket DOE.mww

| bracket_DOE.out
bracket DOE.res
bracket DOE.stat

| bracket_DOE_frames.html

- | bracket DOE_menu.html

hwsalver.mesg

7.4.5 Create Responses

In this study, we want to analyze the volume, the displacement at the force application (node 35527) and the maximum stresses.

Hence, 3 responses will be created.

ﬁ: Define Responses

Date modified

10/21/2016 949 A...
10/21/2016 249 A...
10/21/2016 249 A...
10/21/2016 949 A..
10/21/2016 249 A...
10/21/2016 249 A...
10/21/2016 949 A..
10/21/2016 249 A...
10/21/2016 949 A...
10/21/2016 949 A...

Type
FEM File
H3D File

HTML Document
Altair HyperWorks...
QUT File

RES File

STAT File

HTML Document
HTML Document
MESG File

Add Response Remove Response L, File Assistant

In the previous examples responses were added (created) through “Adding Response”. This time however, we are going to employ
the “File Assistant” — an easy to use tool/assistant.

In the “File Assistant” you need to specify where the information of interest (=result) is coming from (displacements, stresses etc.
— *.h3d file; volume, mass etc. — *.out file).
In the File Assistant dialog, set the Reading technology to Altair® HyperWorks® (Hyper3D Reader), then click Next.

We start defining the Response Displacement.
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o File Assistant w

File Selection
Please select the output file with data for a response.

racket_DOE/fapproaches/nom_1/run__00001/m_1/bracket_DOE.h3d D
Reading technology

@ Altair® HyperWorks® ( Hyper3D Reader )

HyperStudy text extraction

< Back MNext = l ’ Cancel

Select “Multiple items at multiple time steps (readsim)”, then Next.

4 File Assistant w

Request, Component and Timestep
Single or multiple items

() —/ﬁ\_— Single item in a time series

Q) Multiple items at multiple time steps (readsim)

< Back ] [ Next > I l Cancel

Type is set to “Displacements”, Request is using “First request” to “Last request” (which corresponds to all grids/nodes),
Components is MAG(nitude)
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File Assistant WRTWIND CNIEIISON: Armn Mooel Study 55

Multiple items and components at one time step

File: I'3_EBooks_University_Book/Volume9_HyperStudy/Indesign/Bracket_DOE/approaches/nom_1/run__00001/m_1/bracket_DOE.h3d
Subcase: Subcase 1 (SUBCASEL) -
Type: Displacement (Grids) -
Request: Filter Filter
- First request - - Last request
Components: D X D 7
! Y ¥ MAG

n 5 [ tssttmestp

167 -

readsim("D:/home/goelke/ALTAIR/Altair_Academics_2011_2015/1_Altair_USA/3_EBooks_University_Boo

i

0 2000 4000 6000

SUIUU 10000 12000 14000

M\ Scatter 20 G Textview | Table‘

< Back l E Next = ] l Cancel

In the above steps the information of interest was specified. Next, we build a response out of the above information. In detail, we
are looking at the maximum displacement (magnitude) of all Grids/nodes.

o File Assistant ﬁ

Create a readsim Templex expression

Create a new Response

Label: Response 1]
Varname: mirl
Comment:

Expression: JOE.h3d", "Subcase 1 (SUBCASEL)", "Displacement (Grids)", "firstrequest”, "lastrequest”, "{MAG}", 0))

< Back ] [ Finish i ’ Cancel ]

The same steps are repeated regarding the Response “Stress” (von Mises) as depicted in the images below. Again, we are looking
at the maximum stress values of all elements.
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[ A File Assistant j i = . m.;_ n|

Multiple items and components at one time step

File: I'3_EBooks_University_Book/Volumed_HyperStudy/Indesign/Bracket_DOE/approaches/nom_1/run__00001/m_1/bracket_DOE.h3d

Subcase: Subcase 1 (SUBCASEL) hd

Type: Element Stresses (30) -
Request: Filter Filter

- First request - - Last request

UL vonMises (2D & 3D) [C] P2 (mid) (2D & 3D) [] MaxShear (2D & 3D) [[] XX (2D & 3D) [[] ZZ (2D & 3D}

| [C] P1 (major) (2D & 3D) [C] P3 (minor) (2D & 3D) [] Intensity (2D & 3D) [C] YY (2D & 3D) [C] XY (2D & 3D)

4| 1l [ »
D 2] [] Last timestep
2007,

readsimy
S

ersity_Bo

-

0 10000 20000 30000 40000 50000 60000

| =
|\ Seatter 20 !f“c) Textviews | Table

< Back l [ Next = ] l Cancel

-
o File Assistant u
- . 1
Create a readsim Temple.x expression
Create a new Response
Label: Response 2
Varname: m.1lr2 |
b Comment:
Expression: |se 1 (SUBCASEL)", "Element Stresses (3D)", "firstrequest", "lastrequest”, "{vonMises (2D & 3D)}", 0))
I < Back l [ Finish ] l Cancel l
L '=' —— T— ——

And finally, we define the response of type “Volume”.
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A File Assistant ' . -~

==

Multiple items and components at one time step

Volume

File: h/3_EBooks_University_Book/Volume9_HyperStudy/Indesign/Bracket_DOE/approaches/nom_1/run__00001/m_1/bracket DOE.out
Subcase: -
Type: OptiStruct Analysis -
Request: Filter Filter

Out File - First request - | Out File - Last request
Components: [] teration No. [ ] Mass

o

=[] Last timestep

1.95E+006T,

1.9E+0067

readsim("D:/home/goelke/ALTAIR/Altair_Academics_2011_2015/1_Altair_USA/3_EBooks_Universit

1.85E+0067
1.8E+0061
1 75E+0067
1 7E+0061
1 65E+006
1 6E+0061

« Hide Preview

1.56E+006 T T T T T T -
0.9 0.925 0.95 0.975 i 1.025 1.05 1.075 s
[\ Scatter 20 f;,;‘g Textview | Table ‘
| k
< Back l [ MNext = ] l Cancel

- a
[ - e ~
A File Assistant — u

Create a readsim Templex expression

Create a new Response

Label: Response 3
i Varname: m 1 r3
Comment:

Expression: [H") + "/m_1/bracket_DOE.out", ", "OptiStruct Analysis", "

firstrequest”, "lastrequest”, "{Volume}", 0})

= Back l [ Finish Cancel l

J

The Response and their respective values (derived from the nominal run):
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ﬁ Define Responses

Add Response

Remove Response (il

Active Label
1 Response 1
2 Response 2
3 Response 3

File Assistant

Varname Expression
m1lrl max(readsim(getenv("HST_AFFE..
mlr2 max(readsim(getenv("HST_APF..
milr3 max(readsim(getenv("HST_APP..

J\ ALTAIR

Value
14108334

1766760.0

This completes the study setup. You can now proceed to the desired study type (DOE, Optimization, or Stochastic study). Here, we
are going to look at the different DOE methods.

7.5 Parameter Screening DOE Setup

In this section, we will study the results from different parameter screening DOE’s.

Once the study setup is completed, an Approach (DOE, Optimization, etc.) must be selected.

Right click in the Explorer opens the pop-up window; select “Add Approach” which then depicts the different Approaches. Of
course, we select DOE. It is a good practice to use labels which briefly describe the essence of the approach e.g. FR_RES_V

(Fractional_Resolution_V)

f HyperStudy - Add - HyperStudy v... ﬁ

Label: Doe 1]
Varname: doe_1
Select Type

~

v

Doe Fit

Optimization Stochastic
[ oK J ’ Cancel I ’ Apply ]
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Full Factorial DOE

J\ ALTAIR

First one is a Full Factorial DOE. In this study, we will set the shape variables to two levels. Since full factorial runs all combinations

of design variable values, we have minimal loss of accuracy, however we have an expensive DOE. We will use this study as our

reference to compare the loss of accuracy from other DOE’s that are less expensive.

Using 9 shape variables with 2 levels gives a full factorial plan made of 512 runs (LV = 29).

As this is the first DOE we are looking at (from within HyperStudy) we are including some additional information.

48 Explorer |

Directory

a f swdy1
4 LR Setup

[# Define models

[ Define design variables
Specifications

¥ Evaluate

[ Define responses

[+l Post processing
Report

4 @Duel

[l Select design variables
[l Select responses

I7] Specifications

[ Evaluate

[%] Post processing

[*] Report

S* Define Design Variables

) Add Design Variable

Active Label
1
2
3
4
5
5
7

iE‘ Message Log

Lower Bound
-0.5000000 -~
0.0000000 -
-1.0000000 .
-1.0000000 ..
-1.0000000 ..
-2.0000000 ...
-0.5000000 ...

Varname

Details i Distributions oﬁ Link Variables

Remove Design Variable

Initial

0.0000000 -.-
0.0000000 ..
0.0000000 ...
0.0000000 ...
0.0000000 ...
0.0000000 ...
0.0000000 ...

) Tﬂtr

Your

Upper Bound
2.0000000 ...
2.0000000 -
1.0000000 ...
1.0000000 ...
1.0000000 ...
20000000 ...
1.0000000 ...

npty.

Comment

Category

- Controlled
- Controlled
- Controlled
- Controlled
- Controlled
- Controlled
- Controlled

Pty
warnings and errors will appear here.,

4

4

q

4

4

& pack

Next W

In the “select design variables” step all defined variables are listed. As indicated in the column, all design variables are active
currently (but could be made inactive). Also, their bounds are listed again (for review and/or editing purposes).

In a similar way all active/inactive responses are listed (but can’t be edited in here anymore).

48 Explorer |

Directory

a A sudy1
4 LR Setup

¥ Define models

Define design variables
¥ Specifications

¥ Evaluate

[ Define responses

Post processing

[¥| Report

e :@Doel

[#| Select design variables
Select responses

[7] Specifications

¥ Evaluate

[%] Post processing

[%] Report

m Select Responses

B3 Add Response Remove Respanse File Assistant
Active Varname

1 Response

2 Response 2

3 Response 3

|:Z Messagelog @

Expression

0 T\w

Yo

e log is empty.

Evaluate From

SOLVER
SOLVER
SOLVER

warnings and errors will appear here.

Comment

{%L‘ Evaluate Expressions

4 pack

Eventually, in the “Specifications” step the DOE Method to be used is determined (these methods were described earlier).
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45 Bxplorer | £ Directory Ef specifications Uncontrolled Specifications
4 f swdy1 B e
4 LR Setup

Mode Label varname Details Value
Define models -

- L @ Q, Full Factorial FullFact Number of runs 512
i i i P . .
- Eeineidesignyariables 2 C Fractional Factorial FracFact

ificati o

. Specifications 3 & Plackett Burman  PlackBurm

Evaluat

valiate 4 %2 Central Composite Ced
Define responses T =
5 i Box Behnken Box Too many d..
B Poslprocessing 6 & Latin HyperCube  LatinHyperCube
4 Report 7 % Hammersley Hammersley
* ﬁf‘ Doel 8 User Defined User
Select design variables 9 Run Matrix RunMatrix
Select responses ®
P 10 F None None £ settings |TLT Levels | X Interaction

Specifications

%] Fvaluate %App\y & Bk Next

[%] Post processing

[x] Report =

|E Messagelog @
-
The me: log is empty.
LI wiarnings and errors will appear here.
4 »

/ Study_1/ Doe 1 ( Full Factorial , None ) / Specifications Errors: 56 Warnings: 1

To check (and edit) the number of Levels (should be two, of course) activate the “Levels” tab. The number of runs associated with
the Full Factorial study (512 runs; LV) is depicted on the right.

S Specifications Uncontrolled Specifications

Mode Label Varname Details Label Varname Levels
1 @ @, Full Factorial FullFact 1 length_1 m_1_length 1 |2
2 k.l Fractional Factorial FracFact 2 | length_2 m_1_length_2 |2
3 ), Plackett Burman PlackBurm 3 length_3 m_1_length_3 |2
4 P ¥ Central Composite Ccd 4 length_4 m_1l_length_4 |2
5 Box Behnken Box Too many d... 5 length_5 m_1_length_5 |2
6 2 Latin HyperCube  LatinHyperCube 6 radius_1 m_1_radius_1 |2
7 2 Hammersley Hammersley 7 radius_2 m_1_radius_2 (2
8 User Defined User 8 radius_3 m_1_radius 3 |2
9 Run Matrix RunMatrix 9 height m_1_heigh A
10 None None 0 Settings ﬂ, Levels X Interaction

Each design variable is assigned two levels, lower bound and upper bound.

Without getting too trivial: the nominal run lasted about 30 sec on a small laptop. Running a full factorial study would be pretty time
consuming already.

For the sake of focus, each screening we will discuss only the results obtained on the Max_stress output response using Pareto
plot, Linear Effects and Interactions displays. In an actual study, all responses should be considered in making decisions about
parameter screening.
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To ease comparison of the graphs with the model (actually with the definitions of length, radius, height) we are showing the initial
model again.

radius_3

length 1
length_2 i

height

radius_1

length_5

length_4

Shapes defined on the “arm model”

244 5

220.417

195.927

171.437

146.947

22.457

Max_Stress

97.95597

T3.4697

48.9797

24,457
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A Pareto Plot shows the ranked influence (highest to lowest) of the design variables on the response.

We can see that the 5 lengths have the largest influence and the 3 radius have the least influence on Max_stress. The hashed lines
slope (positive or negative) indicates a positive or a negative effect of a variable on the response. In this case length_4, length_2,
length_5 and length_3 have negative slopes which means that if these variables increase Max_stress will decrease. On the other
hand, length_1 has a positive slope which means that increasing length_1 increases Max_stress.

4
. .
400 ;
(3] [ ] ) s () ] [
il ] ] I . i L3 1.8
| i v ¥ i i ! 1
[N v ol b i it 4 '
1} ! ' [X] ' 1 1 '
s e o = . o i e e
] [ ¥} e
vl : i H i N it :
o i i ‘\ H H i 1 :
l.\ i it i it '
. . i : .
300 . I . l : ! i 1 } i H —_+
a . H & s
8 | i L] i L
[ s 1.0 . o8 H i i op .
b “ ¢! i Y ] t i i
= 1 ' [0 ] A § ' I 1 —8— Effect- length_1 -> Max_Stress = 30 677951
250 = R 5 e e *  Max_Stress
i & L e = . s |—#— Effect: length_2 -> Max_Stress = -55 773756
1 1 = 1 i 1 14 * Max_Stress
e Effoct: length 3 -> Max_Stress = 40487108
*  Max_Stress
] 1 s ] I ] 11! |—#— Effect length_4 -> Max_Stress = 61 522200
20 . ol H te 1 1 ¢ Max Stress
& B 2 H 2 HH —e— th
. . .
150 . . . . . ‘e = Effect: radius_2 -> Max_Stress =
—8— Efoct: racius_3 > Max_Stress = 02349403
*  Max_Stress
| —=8—Efiect: height -> Max_Stress = 5.7786208
*  Max_Stress

Linear effect — max stress

From the graph above it can be concluded that:

o the three radii (plotted on the right) have almost no effect on the responses

e length 2, 3, 4 and 5 have the same type of effect (direction and magnitude)

e length 1 and height have the same direction of effect but are less important than the four other length variables
In addition to the linear effects, we can look into interactions between design variables. Looking at the Max_stress response, you
can see that a number of interactions are very small. You can still find cases with a true interaction, such as the interaction of length

4 and length 5 illustrated in the image below. The effect of variable length 4 on response Max_Stress is in the same direction
whatever the value of length 5 is, but the effect (magnitude) is much more important when length 5 is large.
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340

300

280

ax_Stress

2

240

320:
~

-

il [ntzraction: length_5 [-1.0000000] length_4 -= Max_Stress = -44. 471464
s ol == nteraction: length_5 [ 1.0000000] length_4 -» Max_Stress = —44 471464

0

Length 4 and length 5 on max_stress

The scatter plot indicates a strong negative correlation between the volume of the part and its structural responses.

h 2 4E+006°
Max_Stress ®  Volume ‘
i
' %10 %11 %12
= 3 2.3E+006°
% MaxDisp 10) [ 0.83
400
o . Max Stress (11) i) 076
T T a 4 % Volume (12) §U2-0.76 [BEO
g 5
bl L )
350° - - . .. ] fl
o 2164006 ah
T . [}
] v . RET
o _ 2E+006° 3 3 l“
$3Dﬂ - "-- 5 R R i ] K ‘l
i S et 2 e , “
o o & 5 1.9E+006 .o
x Gl 3 o
4 3 ;
> . m e ; &
250 - e s
g 1.8E+006 3 2
poies . L
.Y
2 ‘ 1.7E+006 s Yoo 1)
200 S - - , -
e L]
. AR
1.624006 S -
T 3]
150° -~ b ok
1.524006:
.
1 o il 5
"o 08 1 12 11 16 18 2 22 24 26 06 08 1 12 14 16 18 2 22 24 26 e
Max_Disp ok Do Channel =y Correlation

Stress vs displacement and displacement vs volume

In the video below Fatma Koger provides some more information about “Scatter Plots”.
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7.5.2

Altair

HyperStudy

Correlations

https://altair-2.wistia.com/medias/x9xofxd9o

Resolution lll, IV and V Fractional Factorial DOE with 2 Levels

J\ ALTAIR

Next, we set up a Fractional Factorial DOE with the same levels as the previous full factorial DOE. Using the 9 design variables
with 2 levels, without toggling ON any interaction, leads to a 12 runs for a Resolution Il Fractional factorial plan. Repeat the steps
for Resolution IV and V to observe the differences between accuracy and effort between these three resolutions.

L = T I e 7 R

e
Wi R e

What do we learn from the graphs below?

Mode

Label

Varname

EEI Maedified Extensible Lattice Sequence Mels

$:31 0-Optimal

Ea Fractional Factorial
Ea Full Facterial

Ea Plackett Burman
E Central Composite
¥

z;f; Box Behnken

Run Matrix

Maone

DOpt
FracFact
FullFact
PlackBurm
Ced

Box
LatinHyperCube
Hammersley
Taguchi
User
RunMatrix

Maone

Details

Exceeds maximum of (7 ) variables.

Resolution
Mumber of runs

Use Inclusion Matrix

Value

From the graphs below, it is understood that the four length variables (2, 3 4 and 5) have a major effect on the model responses.

The three radii variables have a negligible effect on the volume and a small to medium effect on the displacement and stress.

It is also understood that length_1 have an opposite influence on the responses compared to the other length shapes. It is seen
that length and height have significant influences and we can focus on those variables for the rest of the studies. As for the three
radii, we will set them to their nominal values to get the starting point.
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| —— Effect: length_1 -= Max_Stress = 23682851
i Effect: length_2 -= Max_Stress = -78.485465
il F ffect: length_3 -> Max_Stress = -46.019653
sl [ ffect: length_4 -> Max_Stress = -52 411321

ct: length_5 -= Max_5S

adi -» Max_Stress
sl E ffect: radius_3 -= Max_Stress = 32.16735
il F ffect: height - Max_Stress = 7.5820516

3207

3107

Max_ Stress

3007

280

2807

270

260

Main effect stress

7.5.3 Fractional Factorial DOE with 3 Levels

Next, set up a Fractional Factorial DOE with three levels. Using the 9 design variables with 3 levels (resolution V), without toggling
ON any interaction, leads to a 27 runs fractional factorial plan.
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[EEE]
Edit
Mode Label varname Details Label Varname Levels

1 . Q Full Factorial FullFact 3

2 9 @, Fractional Factorial FracFact 3

3 ® C, Plackett Burman  PlackBurm 3

4 F % Central Composite Ccd 3

5 ® Box Behnken Box Toa many d.. 53

6 > © Latin HyperCube  LatinHyperCube 13

7 F @ Hammersley Hammersley 3

8 ® User Defined User 3|3

9 7 Run Matrix RunMatrix 3

10 B None None

L3 settings | $1f revels | ¢ Interaction
e%;\pply dBack  Net W

As shown below, the levels are upper, lower and mean value. The initial value of the design variable is not considered (except of
course when mean = initial).

& Tasks Evaluation Data ||, Evaluation Plot
£ Goto Directory | Browse files =
{F length_t I length_2 T length.3 T¢ length4 I length5 F radius.t I radius2 ' radius3 Tt height  gfDisplacement * ‘ Label | Varname

1 -0.5000000 0.0000000 -1.0000000 -1.0000000 -1.0000000 -2.0000000 -0.5000000 -0.5000000 -1.0000000 ‘ 1 :E* length_1 m_1_length_1
2 -0.5000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.2500000 0.2500000 0.0000000 | 2 3* length_2 m_1_length_2
3 -0.5000000 0.0000000 1.0000000 1.0000000 1.0000000 2.0000000 1.0000000 1.0000000 1.0000000 | 3. :E* length_3 m_1_length_3
4 -0.5000000 10000000 -1.0000000  0.0000000  1.0000000 0000000 10000000  0.2500000  0.0000000 | 4| \'Fe length_4 m_l_length_4
5 -0.5000000 1.0000000 0.0000000 1.0000000 -1.0000000 -2.0000000 -0.5000000 1.0000000 1.0000000 ‘ 5 :E* length_5 m_1_length_5
6 -0.5000000 10000000 10000000 -1.0000000  0.0000000  0.000000  0.2500000  -0.5000000  -1.0000000 | 6|, radius_t m_1_radius_1
7 -0.5000000 2.0000000  -1.0000000 1.0000000 0.0000000 0.0000000 02500000 1.0000000 1.0000000 | 7 3* radius_2 m_1_radius_2
8 -0.5000000 2.0000000 0.0000000  -1.0000000 1.0000000 0000000 1.0000000 -0.5000000  -1.0000000 ‘ 8 3* radius_3 m_1_radius_3
9 -0.5000000 2.0000000 1.0000000 0.0000000 -1.0000000  -2.0000000  -0.5000000 0.2500000 0.0000000 ‘ 9 3* height m_1_heigh

10 0.7500000 0.0000000 -1.0000000 1.0000000 1.0000000 0.0000000 -0.5000000 0.2500000 -1.0000000 | 10 ﬁ Displacement bl

11 07500000 0.0000000 0.0000000  -1.0000000  -1.0000000 2.0000000 02500000 1.0000000 0.0000000 | 11 ﬁ Stress. meSRE2

12 07500000 0.0000000 1.0000000 0.0000000 0.0000000 -2.0000000 1.0000000 -0.5000000 1.0000000 | F .12 ﬁ Volume OIS

13 0.7500000 1.0000000  -1.0000000  -1.0000000 0.0000000 -2.0000000 1.0000000 1.0000000 0.0000000 ‘

14 0.7500000 1.0000000 0.0000000 0.0000000 1.0000000 0.0000000 -0.5000000 -0.5000000 1.0000000 |

15 07500000 10000000  1.0000000  1.0000000  -1.0000000 0000000  0.2500000 02500000  -1.0000000 |

16 0.7500000 2.0000000 -1.0000000 0.0000000 -1.0000000 2.0000000 0.2500000 -0.5000000 1.0000000 |

17 07500000 2.0000000 0.0000000 1.0000000 0.0000000 -2.0000000 1.0000000 0.2500000 -1.0000000 ‘

18 0.7500000 2.0000000 1.0000000  -1.0000000 1.0000000 0.0000000 -0.5000000 1.0000000 0.0000000 |

19 2.0000000 0.0000000  -1.0000000 0.0000000 0.0000000 0000000 -0.5000000 1.0000000 -1.0000000 |

20 2.0000000 0.0000000 0.0000000 1.0000000 1.0000000 -2.0000000 02500000 -0.5000000 0.0000000 ‘

21 2.0000000 0.0000000 1.0000000 -1.0000000 -1.0000000 0.0000000 1.0000000 0.2500000 1.0000000 ‘

22 2.0000000 1.0000000  -1.0000000 1.0000000 -1.0000000 0.0000000 1.0000000 -0.5000000 0.0000000 |

23 2.0000000 1.0000000 0.0000000 -1.0000000 0.0000000 2.0000000 -0.5000000 0.2500000 1.0000000 8

24 2.0000000 1.0000000 1.0000000 0.0000000 1.0000000 -2.0000000 0.2500000 1.0000000 -1.0000000

25 2.0000000 2.0000000 -1.0000000 -1.0000000 1.0000000 -2.0000000 0.2500000 0.2500000 1.0000000 2

T T M YT S (T YT S BV P Y P T P Y PR P VY VY Y O BV VPP S Channel

Levels for the 27 runs of the Fractional Factorial DOE
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& Tasks Evaluation Data

?g Go to Directory | Browse files

J\ ALTAIR

StepIndex Write Execute Extract
Success Success Success
Success Success Success
Success Success Success
Success Success Success
Success Success Success
Success Success Success
Success Success Success
Success Success Success
Success Success Success
Success Success Success
Success Success Success
Success Success Success
Success Success Success
Success Success Success
Success Success Success
Success Success Success
Success Success Success
Success Success Success
Success Success Success
Success Success Success
Success Success Success
Success Success Success
Success Success Success
Success Success Success
Success Success Success

27 Success Success Success

Active Task Batch
Create Design

Write Input Files
Execute Analysis
Extract Respanses
Purge - |E
6 Create Reports

1

L Runtasks

The main effects plots displayed in the figures below give the following indications:

e the 3 radii variables have small effects

e length 1 is opposed to the other length variables

@ Stop % Evaluate Tasks

gk N W)

, — - - = . P —
[E mtegrity | Summary |F¢u Farallel Coordinate ||l Distribution | Scatter20 |:L  Scatter 30 ‘ M—'l Pareto Plot | o Linear Effects ‘x Interactions
400 Variable
| cffect: length 1> Stress = 38.050591
* Stress Label ST
| —— Effect: length_2 > Stress = -17.007999 ¢
- e a - . | % . o 2] "¢ tength 1 m_1lengtn_1
—e— Eifect. length_3 > Stress =-26.182437 || | [2] ' F¢ length2 m_1_length 2
* Stress 13| '+ length 3 m_1length 3
8 et fngh 4 > Svss = T88704Z | | 11V E tength 4 m 1 length 4
350 5 5 5 v v *  Stress E e
. . . . 8 Effect: length_5 > Stress = -73.611852 ?1 (F¢ length 5 m_1 length 5
* Stress |6/ T+ radius 1 m_1radius 1
17| B¢ radius2  m_1radius 2
= [ e oD [ ;’ T+ radius 3
;| UF+ height  m_1_heigh
—8— Efect. radius_3 -> Stress = -0.5482673
300 - 5 . * Stress
2 b . o ® G g . . 5 : | —#— Effect: height -> Stress = 0.3367903
3 *  Stess —
@ . . -.\ . . . .t . . v . i
275 ..\ . . . Label Varname
/ . . P . . s . 1 . Displace.. m_1r1
NG : e
250 . . . T . . . 3 ﬁﬂ Volume mllr3
. . . . . . . e . -
295 . . . . . . .
200 - . . v . . .
. . . . . . . . . . B . .
- 5 - o e : E 5 channel
= sack e e
Stress

A ALTAIR Altair Engineering, Inc. All Rights Reserved. / altair.com / Nasdaq: ALTR / Contact Us

155


http://altair.com/
https://www.altair.com/contact-us/

eBook / Introduction into Design of Experiments DOE with HyperStudy™ A A LTA I R

B mtegrity | Summary |EF&:1 Parallel Coordinate | [ili Distribution |4* Scatter20 | Scatter 30 | ‘llﬂl Pareto Plat | o Linear Effects | $¢ Interactions | |25
400 Variable E
b Effact: radius_1 > Stress = -7.4208798 B‘
*  Stress Label Varname =
s * 1 f} length_1 m_1_length_1
2 I+ length 2 m_1 length 2
3 f} length_3 m_1_length_3
350 . - 4
t 4 (B¢ length 4 m_1length 4 =
5 f} length_5 'm_1_length_5
T/ f} radius_2 m_1_radius_2 A
300 . 8 EE* radius_3  m_1_radius_3
2 . 1 g i 5 7
@
= 1 M =
(0] * Response =
275
Label Varname
. i 1 ﬁ Displacement m_1.r 1
250 m% Stress m_1r2
. .
3 ﬁ Volume m_1r3
.
225 +
200
175 +
-2.25 4 -1.75 -1.5 -1.25 - 075 05 -0.25 0 0.25 05 075 1 1.25 1.5 1.75 2 225 E
radius_1 §== Channel
sk Nexx W)

Effect of radius 1 on stress

Kind of reminder: In the Linear Effects Plot the averaged results (for two level studies) at lower and upper bounds of the design
variable are “connected” through a straight line. Looking at the image above non-linear effects cannot be observed.

BTW, by hovering the mouse cursor over the data point you can extract information about the run number, the radius_1 value and
the associated response “stress” (depicted in the small pop-up window). The pop-up window to the right provides detailed
information about the “radius_1 — Stress” experiment, i.e. 27 runs, mean value 268,53 etc.

400 - i
—8— Effect: radius_1 -> Stress = -7.4208798 Label  Stress =
*  Siiesd Points  27.000000 =
i Unique  27.000000
375 ? Mo Values 0.0000000
2 Bad Values 0.0000000
5 Minimum 176.65004
1stQu 225.18481
350 ! [ 4 Median  273.59818
5 Mean  268.53503
3rd Qu  298.47272
325 T 6 Maximum 377.72354
7 Range 201.07350
-
Index: 22
. 8 :E* radius_3 m_1_radius_3
300 X - radius_1: 0.0000000 :
- ial faidi
o . Y - Stress:  323.00751 t 9 LE* height m_1_heigh =
o
= ¥ =
&0 ¥ Respanse u 5
275
Label Varname
1 1 ifx Displacement m_1r1
== 2 ,j‘x Stress mlr2
. 1 -
3 r'ﬂ;( Volume m1lr3
.
225 .
200
175 +
225 2 -1.75 -15 125 -1 075 05 025 0 025 05 0.75 1 125 15 175 2 225
radius_1 Channel
@™ sk Ne: WD
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7.5.4 Plackett-Burman DOE

Next, set up a Plackett-Burman DOE which uses 2 levels for all the design variables. For this study, using 9 variables, we get a 12-
run matrix.

Uncontrolled Specifications

EE specifications }

[E2E Edit -
Label Varname Details Value
1 Q, Full Factorial FullFact Design pbdgnl2 ~
2 ©, Fractional Factorial FracFact Number of runs 12
3 Q, Plackett Burman  PlackBurm
4 @ & Central Composite Ccd
5 # Box Behnken Box Too many d.
6 ® & Latin HyperCube  LatinHyperCube
7 ® 2 Hammersley Hammersley
8 @ User Defined User
9 ® Run Matrix RunMatrix
10 © None None
£} settings LT Levels | 3¢ nteraction
@App\y 4Bk Ne: WP
¥ Tasks Evaluation Data | [/, Evaluation Plot
= GotoDirectory | Browse files =
StepIndex Write Execute Extract Active Task Batch
Success Success Success il Create Design
Success Success Success 2 Write Input Files
Success Success Success 3 Execute Analysis
Success Success Success 4 Extract Responses
Success Success Success 5 Purge - |H
Success Success Success 6 Create Reports
Success Success Success
Success Success Success
Success Success Success
Success Success Success
Success Success Success
Success Success Success

O Run tasks

@ Stop @Eva\uateﬁsks =gk N WP
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Iniegnty] Summary |m1 Parallel Coordinate ll‘ Distribix[ionli—:' Scatter 20 |- Scatter 30 ‘ ‘lllll Farempm‘/ Linear Effects | ¢ Inieracbons‘

400 | Variable

1| F+ length 1 m_1length 1

3757 &
F+ length 2 m_1_length 2

UF length 3 m_1_length_3
4| T+ length 4 m_1 length 4

ol . i 5| F+ length 5 m_1length_S

y i 5 % " y 6|, f+ radius 1 m_1 radius 1

i 3* radius_2 m_1_radius_2

3254 . -\ \ = . L2 o 8| F+ radius.3 m_1radius_3
\, & UEe height  m_1_heigh

300 k s . i
|[—— Efoct length 1 > Stress = 33274307 & g | Response CIF="
*  Stress
275|———Effect: length_2 > Stress = -13 034253 . . . : s . . Label Varname

®  Stress il ﬁ Displace... m_1_r1

Stress

| =t Effect: length_3 -> Stress = -63.706886 7
*  Stress . b . . . . E] fc Stress mir2
2507] == Eflect: length_4 -> Stress = -72.979001 3 ,ﬁ Volume ml1r3

*  Stress . . e e .

=@ Effect: length_5 -> Stress = -38.072838
s Stress

2267 | == Efiect: radius_1 -> Stress = 13.655037 *; * *: x *: * *:
®; Stress

= flect: radius_2 -> Stress = 17.651568
*  Stress

200 | === Effect- radius_3 -> Stress = 27092145
*  Stress

=t Effecct: height -> Stress = 36525243

* Stess
= channel

ek ne: W

Stress

Note: The “Scatter” can be turned off if wanted (see inset in image)

7.5.5 Comparison

In the table below, conclusions on the output response Max Stress is compared between the results obtained from the four DOE
methods. As can be seen, the conclusion for Full Factorial and Fractional Factorial V are the same however fractional factorial
resolution V required only 1/4th of the runs that full factorial did. You can also observe that as the resolution decreases, accuracy of
the information gathered also decreases. For example, the conclusion from Fractional factorial resolution Il is the least accurate.

Relation and

IHEEREE ok : Fractional Fractional Fractional Plackett Fractlc-mal
DOE Full Factorial : : ! Factorial lll
Factorial V Factorial IV Factorial lll Burman
Methods on 3 Level
DV’s
. Remove 3 Remove 3 Remove radius Remove radius  Remove radius R e. move
Conclusions . . . . radius 3 and
radius radius 1, 2 and height 2 and height 1and 3 }
height
Number of runs 512 128 24 12 12 27

Comparison of Results (Relation and Influence of DV’s on Sum of Stresses) of Different DOE methods.
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Note: In the video below (related to the Control Arm Model) Joseph Pajot takes you several steps further. He describes how DOE is
used in the context of a reliability study (which in fact, represents a topic of its own and will be discussed in an upcoming version of

this eBook)

7.6 Bond Strength DOE

Earlier in this book we introduced the concept of DOE by referring to the Bond Strength Example/Project.

In the context of this example we demonstrate how to read the test data into HyperStudy.

Altair HyperStudy

Control Arm Example

by Joseph Pajot / Altair

https://altair-2.wistia.com/medias/o19kurm9fc

Experiment# 1

Experiment# 2

Experiment# 3

Experiment# 4

100 degrees 50 psi
100 degrees 100 psi
200 degrees 50 psi
200 degrees 100 psi

Measured bond strength values

Like before we need to start with the Study setup.
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We begin with the definition of a new study

Label: .Study_l

Varname: s 1

Location

-iversit',r_BookWoIumeg_HyperStud)r‘\GIue_Strength -

[] create study directory in subfolder, based on Varname

ok | [ concal |
File  Edit View Tools Applications Help
= =
& B H[|
E;E Explorer ?g Directory | f Define Models
4 4 Study_1 Add Model ) Remove Model
. E&
[g SElm? Active Label Varname Model Type
Define models
(%] Define design variables ’
(%] Specifications f HyperStudy - Add - HyperStudy v14.0-120 (... u
(% Evaluate
Label: Model 1]

(%] Define responses

i Va : 1
(X| Post processing rname: m_

(x| Report Select Type

—

it Q=

Parameterized File | Internal Math | Spreadsheet

® & =

HyperMesh MotionView Workbench
SimLab FEKO
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You may have compiled your test data in an Excel Sheet and hence would tend to select “Spreadsheet” as the Model Type.

Please note, that “Spreadsheet” is used if some math happens inside the Excel sheet (e.g. multiplying fields). As we are dealing
with a “static” data sheet (test data) we need to use “Internal Math. With this model type, you do not need to load a resource file or
define the solver input file, solver execution script, or solver input arguments because you will create the design variables and
responses in the “Define design variables” and “Define responses” steps.

& Define Models

Add Madel Remove Model

Active Label Varname Model Type Resource Salver input file Solver execution script Solver input arguments Comment

1 [#] Model 1 m_1 £0 Internal Math =]

;{f;‘ Tmport Variables @™ ook Nex W)
Next, we define the (two) Design Variables either by adding them one by one, or by “Press and hold” on the Add Design Variable
tab.

u z ~ -
LE+ Define Design Variables Details | iy, Distributions (;o Link Variables

Add Design Variable Remove Design Variable

P T
| Press and hold to add multiple instances i Lower Bound Initial Upper Bound Comment

u z 2 |
,_E" Define Design Variables Details i Distributions (f" Link Variables
Add Design Variable Remove Design Variable

Add 2 Variables = l Varname Lower Bound Initial Upper Bound Comment

u : . =on|
,_E" Define Design Variables Details i Distributions f Link Variables

Add Design Variable Remove Design Variable

Active Label Varname Lower Bound Initial Upper Bound Comment
1 DvV1 dv_1 0.9000000 - 1.0000000 .. 11000000 ..
2 [¥] DV 2 dv_2 0.9000000 ... 1.0000000 ... 1.1000000 ..

The two design variables are automatically named DV1 and DV2. Copy the header of the two design variables from the Excel
Sheet (Temperature/Pressure),
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—— L LAF SER
1 | Experiment | Temperature Pressure I Strancth
2 1 100 50 X% Cut
3 2 100 100 ?D E{jp}r
3 3 200 Paste Options:
5 4 200
b
7

Then right mouse clicks on “Label” and select “Paste transpose”

u = 2 ] B o |
LF+ Define Design Variables Details i Distributions &0 Link Variables

Add Design Variable  [£) Remove Design Variable

Active Label ] ]
; Add Design Variable...
1 v
= & Remove Design Variable
| 2
| 8+ Sortdown
it Sortup
Fit Columns
Columns r
Copy Ctrl+C
Copy + labels
[ Paste Ctrl+V
fE| Paste transpose
Y Filter r
2 Find.. Ctrl+F
£ Dl mmm 4+el . U

Which replaces the default names with the names used in the Excel Sheet.
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EE* Define Design Variables

&9 Link Variables

Details

Add Design Variable  [£] Remove Design Variable

il Distributions

Active k Label ' Varname Lower Bound Initial Upper Bound Comment
1 Temperature  [E0N 0.9000000 .. 1.0000000 ... 11000000
2 Pressure [P 0.9000000 ... 1.0000000 ... 11000000

Next step is “Specification”. We select “Nominal Run” and confirm this strep with “Apply”.

Specifications

Edit

Mode Label Varname Details Value
i @ C, Nominal Run Nom Run system at initial values Number of runs 1
2 ® ©, System Bounds Check Chk Run system at initial values, then lower and upper values
3 ® Q Sweep FillSweep Sweep system values from lower to upper values
£} setings
o HyperStudy == @ Apply M Back  Het WEp
,’A‘ ‘Apply’ will overwrite the run matrix which can cause loss of
Message Log © O result data.

i

Proceed anyway?

»

e [ we ]

Don’t miss the next step: Evaluate Task (as the “Next” button is highlighted it may happen that you click on “Next” without pursuing
the “Evaluate Step”).

& Tasks | Evaluation Data | [/, Evaluation Plot
i
Pressure
‘ Label
o7 1 [F« Temperature
m T« Pressure
1.05
1.025
[l
2
2
8 1 *
o
0.975
0.95
0.925
0 <| 1 b
k]
0.9 0925 035 0.975 1 1.025 1.05 1075 11
Evaluation E Channel
eEtnp @Evalualeﬁsks dmgack  Nex: WP

In the “Explorer” Define responses, Postprocessing and Report can be accessed (if you miss the Evaluate Step from before you will
not be able to advance to Postprocessing / Report)
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?E Explarer i%g D|rectory‘
a A study 1

- L& Setup

Next, we add the Response to the study.

Add Response

ﬁ Define Responses

Define models

Define design variables

Specifications

Evaluate

Define responses

Post processing
Report

Remove Response

File Assistant

Active

Label

Varname

f HyperStudy - Add - HyperStudy v... ﬁ

Varname: r_1

Label: Response 1

J\ ALTAIR

You may copy the response labels from the Excel spreadsheet, and paste them into the Label column in the work area. When you

paste the design, variable labels into the work area, select “Paste transpose” from the context menu.

We now need to proceed to “Postprocessing”. The response data will be added in the DOE step which is next.

Add Approach: DOE

 HyperStudy - Add - HyperStudy v... ﬁ

Label:

Varname:

Select Type

doe_1
& | B
) Fit

Optimization

g

Stochastic

[ oK

/|

Cancel ] l Apply
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In the DOE step the first two tasks “Select design variables”, and “Select responses” are taken over from the Setup steps before.

&
@
<5 Explorer

%% Directory |

4 A study 1

- L& Setup

Ly

Define models

]

Define design variables

]

Specifications
Evaluate

Define responses
Post processing
Report

Bl & Kl &

df@Doel

We need to focus on “Specifications” next. Here we select “Mode” None. Don't forget to click on “Apply”.

{ Uncentrolled Specifications ‘

Speciications

Select design variables

Select responses

[F] Specifications

(| Evaluate
(%] Post processing
(%] Report

B it l

Mode Label Varname Details

1 Q, Full Factorial FullFact

% ® Q Fractional Factorial FracFact

3 ® Q, Plackett Burman  PlackBurm

4 ® 52 Central Composite Ced

3 ® % Box Behnken Box

6 ® %2 Latin HyperCube  LatinHyperCube
7. ® & Hammersley Hammersley

8 @ User Defined User

9 (@) Run Matrix RunMatrix
10 ) None None

Value

© o options available.

Q Settings ﬂv Levels

> nteraction |

In the upper right corner of the Specifications tab, click on “Edit”

=i Edit

alue

Run Matrix

Ef  Inclusion Matrix
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to edit the “Run Matrix”.

J\ ALTAIR

In the Run Matrix dialog, click Add Run to add 4 runs to the matrix, as there are 4 runs in the Excel spreadsheet. Copy all of the
design variable and response data for each run in the spreadsheet.

A B C D
1 | Experiment Temperature Pressure Strength
2 1 100 50 21
3 2 100 100 42
4 3 200 50 51
5 4 200 100 57
And “Paste” the data into the Run Matrix.
E Specifications ‘ Uncontrolled Specifications
Label Varname Details
1 Q Full Factorial ., _ .
: Edit Data Summary - HyperStudy v14.0-120 (120.28.945924)
2 (@) ), Fractional Fz -
3 @) Q, Plackett Buri AddRun () Remove Run | | Import Values
4 ':' @ Central Com i:}.mratunl:}q Pressure lﬁ Strength
5 '::__.' @ BO)( Behnkﬁ' 1 10000000 n
(@) 1 Add R e
7] LA @ Latin Hypeﬂ 73 100.00000 un
7 ® & Hammersley | IR © Remove Run
B O User Definegil.q PRI 34 Sort down
9 © Run Matrix || ___ 3t Sortup
10 @ None Data Summary
= ' Fit Columns
Copy Ctrl+C
5] Copy + labels —
— 24 [—
' [Z1 Paste Ctrl+V
Vot O f5] Paste transpose
Q  Find.. Ctrl+F
> Replace.. Ctrl+H
Go to.. Ctrl+G
Include
Exclude
&+ Reverse
P Show in v
4% Reportto v
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After the data were pasted into the Run Matrix, proceed straight to Postprocessing without clicking on Apply or Evaluate Task as all
the data are already available in the Run Matrix.

ﬁj—:H Explorer f::' Directory
4 A study 1
4 [} setup

Define models

Define design variables
Specifications

Evaluate

Define responses

Post processing

Report

4 J“Eﬂ Doel

Select design variables
Select responses
Specifications

Evaluate

[=

Post processing

Report

In the Postprocessing step we look at the graphs shown earlier in this book, for instance, Main Effects plots of Temperature (blue)

and Pressure (red) on Bond Strength.

Bl mtegriy |EH] summary |BH Parallel Coardinate lily Distribution |+ scater20 | ki scamer3p | [l Pareto Plot 7~ Linear Effects 5 mteractions

65

525

Effect

- Strength = 22 500000
=@ Effect: Pressure -> Strength = 13.500000

Variable D{-
| [ Label Varname 7]

50

= )

jﬂ T+ Temperature dv_1

475

Strength
w 2. B .

/

I2—| T+ Pressure dv_2

|
| Response O=.
[ Label Varname ]

Il—l ﬁ( Strength rl

8

|EE8 Channel

o

7.7 HyperStudy for AcuSolve

@ sack  Next W)

The example below is available in the Online Help but we thought we should include at least parts of it in here in order to
demonstrate the technical advantage of the following combination of tools:

HyperStudy — Morphing (in HyperMesh) - CFD solver (here Acusolve).
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The subject of the study is to analyze sensitivity of flow (i.e. the pressure drop between inlet and outlet) to changes in the shape
(bending) of a pipe with our CFD solver AcuSolve.

Note: The process would be quite the same if you would use a non-altair CFD solver.

Step 1:

Parameterize the model using HyperMorph and HyperStudy

Base line model (pipe.hm)

The finite element model will be “wrapped” into a so-called morph-volume (which can be edited/splitted in smaller volumes easily).

The red dots/spheres refer to “Morph handles” which will be moved / translated in the next step.
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The shape change of the model (elements) is saved as a Shape Design Variable.

Step 2:

Use the HyperStudy Job Launcher to couple AcuSolve and HyperStudy

Step 3:

Set up and run a DOE study

F A,
N
i

J\ ALTAIR

The GUI of the HyperStudy Job Launcher allows to define, for instance, number of processors and the Responses.

After these decisions have been made a nominal run is submitted. Once the run is finished, HyperStudy opens and with the study

Setup completed.

Do you recall the next steps after the study setup is complete?

We need to define the “Approach” next — which is a DOE (to study the sensitivity of flow (i.e. the pressure drop between inlet and

outlet) to changes in the shape (bending) of the pipe).

3 Mo Residy Took Prefererces  AppicEors  Help
ER R A S S T
Seancn | Parametern | Fypacvion Benutn| ojuf |,
wded®

e |

= =
EfTena - 1 00ee0t =)

S ., 2w
2 ujolelel
ey

. Aebreiy i

”

W09 R0 ISR L N LFYT RS SLI0-000

S EEI0-BEE v o in LPLJIGLTERE- A4+ D O

%

00— ¢
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The example is contained in the Online Help:

J\ ALTAIR

HS-1535: Coupling HyperStudy, Morphing and AcuSolve (HyperStudy Job Launcher)

http://www.altairhyperworks.com/hwhelp/Altair/hw14.0/help/hst/hst.htm?hs_1535.htm

7.8 HyperStudy for Flux

The HyperStudy version 14.130 provides a new Flux model type. This model allows coupling HyperStudy and Flux Finite Element
software and applying the HyperStudy approaches for Electromagnetic (EM) models design exploration and optimization.

o Add - HyperStudy (130.21.1019016)

|

m_1

Label:

Varname:

Select Type

§

Parameterized File

£()

Internal Math

|z

Spreadsheet

“ = A S

R

HyperMesh

MationView Workbench FEKO Flux (Beta)
Operator SimLab
[ OK ] [ Cancel I l Apply

Define model window in HyperStudy

In this example one will show how to use HyperStudy to perform a DOE on a Flux model in order to screen the most influential

parameters.

The studied device is a brushless AC embedded permanent magnet motor composed by:

e Afixed part (stator) including yoke, slots and windings.

e Anair gaps.

e A movable part (rotor) with embedded magnets (in red on the picture)
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Fixed part

Air gap

Movable
part

Motor geometry defined in Flux

This motor is designed for hybrid electric vehicle traction/generation with the following ratings:

e Max bus voltages: 500 V;

Peak torque: 400 N.m;

e  Max speed: 6000 rpm;

Peak power ratings: 50 kW at 1200-1500 rpm.

The device has been previously modeled in Flux software. The geometry has been parameterized using 7 geometric parameters as
shown on the picture below. Then it has been meshed and the physical properties have been defined. After that the model is
solved to get the results that will be used as responses in HyperStudy.

Geometric parameters used
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There are two responses of interest:

e  Magnet surface (LM*MAGWID);
e  Average torque (TORQUE_MEAN).
The first one does not really need a screening as it is defined by an analytical function depending of two parameters LM and

MAGWID. For the second one we do not know which parameter has the biggest influence that is why one would like to perform a
DOE to better understand the device operation.

Definition Initial value

BETAM Magnet pole arc mm 120
LM Magnet length mm 12
MAGWID Magnet width mm 30 : :
IPMHQ Magnet cap depth mm 15 DeS|gn variables
BRIDGE IPM bridge mm 2
LWEB Web radial length mm 2758
WEB IPM web mm 10

Magnet surface mm? 360
TORQUE_MEAN _ Average torque N.m 360,12 Responses

Design variables and responses

Once the Flux model is ready one need to make two things in order to establish the connection with HyperStudy:

1. Create a link file from Flux.
2. Load this link file in HyperStudy.

The first action is done in Flux using the command “Generate component for GOT-It coupling™ available in the menu Solving.
*Note: In Flux 2017 the command will be called “Generate component for HyperStudy coupling”.
This command allows selecting the input parameters (design variables) and the output functions (responses) from the Flux model.

In order to send them to HyperStudy. As a result, it generates a link file (.F2G). Once the link file has been generated one could
move on to HyperStudy in order to start the study.

Like in the other examples before, we start a new study (it is recommended to save the study in the same folder as the F2G link
file).
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4 Untitled - HyperStud)r v14.0 (130.21.1018016)

File Edit Tools D H

er \_I |

% Welcome 4 Ready
Start a Study:
2 i B
[ _'_ o Add - HyperStudy (130.21.1019016) [
Mew Study
Label: | TR
r Vamame: s 1
Open Study Location
.D:ﬁrﬁmldeva\f-is_duulmlsﬂvpaﬁh.ldv‘i-lvpa‘Stl.:dv‘l’raMgMaberiaI‘Exerdses—Files\Fqu - E
Recent Studies:
= [ o ][ cencel |
D:/....ftraining/Study_1.xml e ————————————————————————————

Start a new study

In order to create a Flux model, one need to click on Add Model and select Flux in the displayed window.

o Study_1 - HyperStudy v14.0

E -

40 Explorer f DefeModels | [55

4 4 Study 1 AddModel [} Remove Model

“ Lg Setup Active Label Varname Model Type

I] Define models [l ¢ .
s daii vt d Add - HyperStudy (130.21.1019016) ot
X Specifications abel: Flodel 1]
X Evaluate
- i Vamame: m_1
X! Define responses
%] Post processing Select Type
%]

Report

{3} £0 Ix= &

Parameterized File  Internal Math Spreadsheet HyperMesh

@Eﬂﬂ‘ﬁ

Motion\iew Workbench
Operator
Lok ][ concel |[ apy |

Model selection

Once the model has been added, click on Resource browser and select the F2G link file (you can also Drag & Drop it).
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o Study_1 - HyperStudy v14.0 (130.21.1019016)

S5 Eplorer 11 Directory. & vefremodes | [57]
= 4 Study 1 AddModel [ Remove Model
o B setwp [ & T
ctive Label Vamame Model Type | Resource | Solverinputfile Solver

n script
"] Define models -

[%] Define design variables

1 ] Model1 m.1 N Flux (Beta) [@] hstinputhstp | & Fis

3] Specifications ("
7  HyperStudy - Load model resource
%] Evaluate b
B Dt ienpiicias S [J « HyperStudy » HyperStudyTrainingMaterial » Exercises-Files » Flux » training » « | 4| [ Rechercher
%] Post i
e Organiser »  Nouveau dossier
*| Repert =
S Merm Madifié le Type Taille
s
B Bureau L _usr 15/11/2016 14:49 Dossier de fichiers
4 Emplacements récer |, dHyperStudy.F2G,FLU Dossier de fichiers
& Téléchargements L. approaches ‘ Dossier de fichiers
|8 4HyperStudy.F26 18/10/2016 09:27 Fichier F2G 1Ke
< Biblicthéques Type : Fichier F2G
“‘»w & o Taille : 729 octets
i Docirnents Modifié le : 18/10/2016 09:27
| Images
RS

Flux model definition

Once the link file has been opened, one should click on Import Variables in order to import the design variables.

o Study_1 - HyperStudy v14.0 (130.21.1012016) el

File Edit View Tools Applications Help

Ue s|alE (7]

L:‘E Explorer _}% Directory j Define Models EI

" 4 Study 1 AddModel [ Remove Model
4 Lg Setup Active Label Vamame Model Type Resource
"] Define models 1 ¥ Model 1 m_1 XN Flux (Beta D:fdmavrudievaMes_documents HyperStudy HyperStudyTrainingMaterial Exercises-Files Flus/trainin ..

[%] Define design variables
[%] Specifications

[%] Evaluate

[%] Define responses

[X] Post processing

[x] Report

4 | [T b

@Imporl\-‘arid:les .Bad( Next T

Design variables import in HyperStudy.

Now, the model is completely integrated in the study and one can continue defining the Setup by following the next steps:

Responses
post-
rocessin

Define design Select Evaluate Define

variables Specifications Tasks responses

Setup workflow

J\ ALTAIR  Altair Engineering, Inc. All Rights Reserved. / altair.com / Nasdag: ALTR / Contact Us 174


http://altair.com/
https://www.altair.com/contact-us/

eBook / Introduction into Design of Experiments DOE with HyperStudy™

J\ ALTAIR

First, one should edit the lower and upper bounds of the design variables as shown on the picture below.

o Study_1 - HyperStudy v14.0 (130.21.1019016)

File Edit View Tools Applications Help

ZHEAE

el ¥

u i 2 11
40 Explorer |5 Directory LF¢ Define Design Variables Detais | yffly Distributions | 7 Link variables
“ 4 Study 1 Add Design Variable [ remove Design Variable
& & Setup Active Label Varname Lower Bound Initial Upper Bound
[ERnE MoKl 1 LM dv 1 2.0000000 12000000 12000000 ... GEOM
Define design variables
B Specications 2 BETAM dv 2 12000000 120.00000 14000000 .. GEOM
% Evaluate 3 WEB dv.3 2.0000000 10000000 11000000 .. GEOM
Defi
B Define responses 4 BRIDGE dv 4 0.5000000 20000000 22000000 .. GEOM
[%] Post processing
B Report 5 MAGWID dv.5 20000000 30000000 40000000 .. GEOM
6 PMHQ dv 6 £.0000000 15.000000 20000000 ... GEOM
7 LWEB dv 7 0.5000000 2.7500000 80000000 ... GEOM

Design variables definition

After that step is taken, it is time to specify that we are interested in a Nominal Run. For that, move to the “Specifications” section

and select Nominal run, then click on Apply.

specifications

Mode Label Varname
1 @ ) Nominal Run Mom
2 Ll System Bounds Check Chk
3 O, Sweep Sweep

Details

Run system at initial values
Run system at initial values, then lower and upper values

Sweep system values from lower to upper values

Specifications definition

You can click on Next (in the right down corner) in order to switch between different sections.

».-'1% Apply
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In Evaluate section, click on “Evaluate Tasks” in order to perform the nominal run. You will see such kind of window telling you that
HyperStudy is launching Flux in batch mode to make the simulation and extracts responses.

o Study_1 - HyperStudy v14.0 (130.21.1019016) . (= | O
File Edit View Tools Applications Help
— & Te=]
B%E (7]
) e [ i
45 Explorer %g Directory ‘ Qﬁ Tasks Evaluation Data |ﬂ= Evaluation Plat
4 \f Study_1 %g GotoDirectory | Browse files = il
3 B Setup StepIndex Write Execute Extract Active Task =
#| Define models i Success ak Create Design
##| Define design variables
x v Write Input Files
*| Specifications y g =
Z Evaluate 3 Execute Analysis
Define responses 4 Extract Responses
*| Post processing
X| Report w 5 ] Purge
HyperStudy - Waiting...
yper y - Waiting o = J ;
HyperStudy is waiting for { Flux ) Q Pun tasks ‘
é | M @ Stop (:% Evaluate Tasks Bl Back  Mext [
]
1 (7] 1M : Read TIle | CIUAItSIFUmwiprererences_hst.mvw ) &
1 2 Warning: Path for solver does not exiat ( C:\Altair\hwsolvers\acripta\radioas.bat ) - ( RADIOSS (radioaa) )
1 3 Warning: Path for solver does not exist ( C:\Altair\hwsolvers\scriptas\optistruct.bat } - { OptiStruct (oa) }
1 4 Warning: Path for solver does not exist ( C:\Altair\hwsolvers\scripts\motionsolve.bat } - ( MotionSolve - standalone
I w 5 Message: Settings location ( C:i\Users‘dmavrudiewva‘\AppData‘\Local\Altair‘\HyperStudyvSettings.xml )
a D e e e S e e L e D A s T T R R

Flux launching from HyperStudy

Once the run is finished you can see in “Define responses” section that TORQUE_MEAN response (performance coming from
Flux) has been automatically created. One will create a second response for the magnet surface by using the Expression builder.

To start, click on Add response button.

o Study 1 - HyperStudy v14.0 (130.21.1019016)

ﬁ Define Responses

Add Response

oo
o0

Remove Response

| | File Assistant

4 C@S&tup

Active Label Varname Expression Value Cemment
o Db miness 1 £l TORQUE_MEAN 11 V(0]
# Define design variables
¥ Specifications 7
——— & Add - HyperStudy (130.21.1010016) ESES
E Define responses Label: MagnetSurface]
| Post processing
. Vamame: r_2
& Report

ok [ concd |[ sovy |
Add a new response magnet surface
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Once the new response has been added click on the “...” in the Expression tab in order to open the Expression builder. In the
Design Variables tab, select LM and click on Insert Varname, then insert MAGWID as well in order to define the function
(LM*MAGWID)/360.

D addResporse ) RemoveResponse | | Fie Assistant
Active Label Warname Expression Value
1 i TORQUE_ MEAN 11 w0
2 o MagnetSurface 2 {dv_1%dv_5)/360

-
 Expression Builder - { MagnetSurface [r_2) } - HyperStudy (130.18.1016751)

aAnc

(...} Evalate Expression

fdv _1=dv _5)/360)

JF= Funcbons ::E' Design Variables I, Responses ; File Sources E ASCII Extracts
3 Add Design Variable Remaove Design Varlable
Label Varname Comment
1:: LM dv 1 GECM
2 BETAM dv 2 GECM
3 WEB dv 3 GEOM
4 BRIDGE dv 4 GEOM
& KAAGAAR A & Y

Magnet surface function definition

Note: Compare “Label” and “Varname” (listed in the image above) with the expression (dv_1*dv_5)/360 which corresponds to
“MagnetSurface = (LM*MAGWID)/360”

As stated in the other examples, do not forget to click on “Insert Varname” after each DV selection.

The setup definition is now done and one could add a new approach. In the next stage, we will define a DOE approach in order to
perform a screening on the responses.

We start by adding a new approach DOE and then continue following the screening workflow.

o Add - HypesStudy (130.15.1007229)
Label: Doe 1
Varname: doe_1
Select Type
g | 5
L
Doe Fit
Optimization Stochastic
Lok J[ camcel |[ Aoty |

Add a new approach DOE
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Define design
variables

Select
Responses

Select
Specifications

Evaluate
Tasks

Post-
processing

the results

Screening workflow

The design variables definition is kept same as for the Nominal Run (see reminder below).

Upper Bound

Add Design Variable 3 Remove Design Variable

Active Label Varname Lower Bound Initial
1 i} LM 2,0000000 12,000000 12.000000
2 ] BETAM 120,00000 « 120,00000 s 140.00000
3 [w] WEB 2,0000000 10.000000 11.000000
4 ¥ BRIDGE dv_4 0.5000000 2.0000000 2.0000000
5 il MAGWID 20.000000 30.000000 . 40.000000
65 IPMHQ dv 6 &.0000000 15.000000 20.000000
7 LWEB dv 7 0.5000000 2.7500000 - 8.0000000

Design Variables definition for DOE screening
The main response of interest in TORQUE_MEAN, but we select both responses.

Active Label Varname Expression
1 2] E_MEAR i v_1[0
2 ] lagnetSurface 2 dv_2%dv_3)/360

Responses selection for screening

We perform the following DOE in order to compare the results and the number of runs:

e  Full Factorial

e Fractional Factorial Resolution Il

e Fractional Factorial Resolution IV

e Fractional Factorial Resolution V
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Mode Label Varame Details Value
1 % Modified Extensible Lattice Sequence Mels IReulution ﬁ
2 ] Q Fractional Factorial FracFact Number of runs %I.H
3 & Full Factorial FullFact Use Inclusion Matrix IN
4 =qiElacketCBumman Blfckimi ‘V Main Effects - confounded with three-factor interactions
5 & Central Composite Ccd || Two-Factor Interactions - confounded with each other
6 Behnker Box Exceeds maximum of { 7 ) variables
7 % Latin HyperCube LatinHyperCube
8 & Hammersley Hammersley
9 Q Taguchi Taguchi
10 User Defined User
11 Run Matrix RunMatrix
12 MNone None

Fractional Factorial definition

After the DOE definition has been done, click on “Apply” and then “Evaluate tasks”. Note that each method needs to be started
separately. It means that you have to add new approach DOE for each DOE used. You can name the different approaches in order
to recognize them in the Study Explorer.

.:E Explorer f= Directory
4 \i FluxExercice

> & Setup

> fa Full Factorial

> @ FractFact V

> fg FractFact I
» '@ FractFact IV

DOE creation in the data tree

Compare this process with the one described in the “DOE Method Comparison: Arm Model”.
In order to post process, the results we will consider the following displays:

e Linear effects.
e Pareto plots.

e |Interactions.
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=
E%7 Integrity Summary HH Parallel Coordinate ‘l‘_ Distribution

4% Scatter 0 ;i.“ Scatter 3D |l Pareto Plot
1

./. Linear Effects ‘x Interactions

{5 GotoDirectory | Browse files

oM '+ BETAM I+ WwEB ‘I BRIDGE !+ MaGwID I IPMHQ I+ LWEB 92 ORQUEMEAl . viagnetSurface

1 2.0000000 120.00000 2.0000000 2.0000000 40.000000 20.000000 0.5000000 17495731 0.2222222
2 2.0000000 120.00000 11.000000 2.0000000 20.000000 8.0000000 8.0000000 144.27905 01111111
3 2.0000000 140.00000 2.0000000 0.5000000 40.000000 8.0000000 8.0000000 17497477 0.2222222
4 2.0000000 140.00000 11.000000 0.5000000 20.000000 20.000000 0.5000000 132.28534 01111111
5 12.000000 120.00000 2.0000000 0.5000000 20.000000 20.000000 8.0000000 30095654 0.6666667
6 12.000000 120.00000 11.000000 0.5000000 40.000000 8.0000000 0.5000000 446.08294 1.3333333
7 12.000000 140.00000 2.0000000 2.0000000 20.000000 8.0000000 0.5000000 25469266 0.6666667
8 12.000000 140.00000 11.000000 2.0000000 40.000000 20.000000 8.0000000 36711465 1.3333333

Postprocessing tabs

First, we compare the Linear effects (effects of design variables on TORQUE_MEAN and Magnet Surface) provided from Full
Factorial and Fractional Factorial (Ill, IV or V). On the picture below one can see that LM and MAGWID have the biggest influence
on both TORQUE_MEAN and Magnet Surface functions. Other influential parameters on TORQUE_MEAN are BRIDGE and WEB.

The most accurate information is provided from Full Factorial as it runs a complete number of sets (128 in this case). But one would
like to know if we can get the same information with less runs using Fractional Factorial and what is the most appropriate
Resolution type for Fractional Factorial.

FHTH]

TORGUE MEsN

¥

Linear effects provided from Full Factorial
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==
[ ]
.
e~
®
!
L

Linear Effects obtained with Fractional Factorial IV

L ]
v
.

Linear Effects obtained with Fractional Factorial V

We can notice that the results obtained with Fractional Factorial IV and V are similar to those obtained with Full Factorial, with
much less runs (16 runs for Fractional Factorial IV and 64 runs for Fractional Factorial V). On the other hand when using Fractional
Factorial Il the parameter effects on TORQUE_MEAN are increased. Also, there is significant effect of WEB parameter on Magnet
Surface. This effect should not be as Magnet Surface depends only on LM and MAGWID. In that case this effect is due to a
confounding.

So, looking at the “Linear effects” Fractional Factorial IV seems to be the most efficient choice.

Let's make now the same comparison using the Pareto plots.
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Fractional Factorial IV Pareto plots
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Fractional Factorial V Pareto plots

Same as for the “Linear effects”, Fractional Factorial IV and V provides similar results as Full Factorial, but not Fractional Factorial
1.

What about the “Interactions” comparison? Let's compare the same interaction with Full Factorial and Fractional Factorial Il1.

TORQUE_MEAN
g i

B
1
1
]
1
|
]
1
alln,

Interaction between BETAM and IPMHQ on TORQUE_MEAN obtained with Full Factorial
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TORQLE_MEAN

o il e action: BETAM | 132 000D0] PN

e -

il
|

L)

Interaction between BETAM and IPMHQ on TORQUE_MEAN obtained with resolution Il Fractional Factorial

As one can see, an amplitude interaction has been detected with Fractional Factorial 11l but not with Full Factorial. The right
information is that provided by Full Factorial. Once again, there is confounding effects when using Fractional Factorial Ill.

In this example we have seen that DOE can be easily run on Flux models. The use of different DOE methods has been compared
using Linear effects, Pareto plots and Interactions charts. To help the user to choose the right DOE method, let’s consider the
graph below that illustrates the accuracy vs effort plot for all the DOE used. The most accurate but also the most expensive is Full
Factorial (128 runs). Fractional Factorial Ill (8 runs) is the cheapest one but it leads to some inaccuracy and confounding. Fractional
Factorial IV (16 runs) and V (64 runs) have provided the same results as Full Factorial.

So, in terms of efficiency Fractional Factorial IV seems to be the best choice.

J\ ALTAIR

accuracy
A
__ . @ Full
100 . -
.
_. Fractional - Resolution V
@
| -
" Fractional - Resolution IV
@ Fractional- Resolution IlI
B - M — ——» #ofruns
8 16 64 128
Accuracy vs effort
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8 Appendix

8.1 Glossary

Approach (Study Approach)

Astudy approach is a certain set of steps taken to study the mathematical model of a design. In HyperStudy, there are four
approaches: DOE, Fit, Optimization and Stochastic. Each approach serves a different design study purpose and the required steps
for each approach may be unique. For example, you can use the DOE approach if you need to learn the main factors affecting your
design, but you need to use the optimization approach if you want to find the design that achieves the design objectives while

satisfying design requirements.

Approximation

Expression that relates the response of interest back to the design variables that were varied. HyperStudy provides polynomial
least square regressions, Moving Least Squares Method, and HyperKriging to define approximations. An approximation is only as
good as the levels (number of designs) used when performing the study. For example, a two-level parameter only has a linear
relationship in the regression. Higher order polynomials can be introduced by using more levels.

Box-Behnken (used for Space Filling)

e Used when functions are known to be second order
e Only 3levels

¢ No interactions

e Puts designs in the centers, extremes are ignored

e For 3 DV’s; 13 designs (FuF has 27)

Design of Experiments (DOE)

Is a structured, organized design/run matrix creation method that once run will be used to determine the relationships between the
different factors/variables (Xs) affecting a process and the output of that process (Y).

Often used to represent a parameter study using a Design of Experiments. The DOE is actually the way the design variable
combinations for the study are chosen. It is a method to perform a parameter study with a minimum number of designs
(experiments) to obtain as complete an information as possible about the design space. The opposite would be a full-factorial
analysis (complete design matrix), with all possible design variable combinations selected. A parameter study is used to study the
behavior of design in the given design space.

HyperStudy provides the following Designs of Experiments (individual methods are explained in some detail in this eBook):

e  Full factorial
e Fractional factorial

e  Plackett-Burman
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e Box-Behnken
e Central Composite Design
e Hammersley

e Latin Hypercube

Central Composite (used for Space Filling)

e Used when functions are known to be second order
e Only5levels
o 5 different types, inscribed or not, number of center points

e Allinteractions

Confounding

Confounding occurs when two factors are associated with each other or “travel together” and the effect of one is confused with the
effect of the other. For example, in order to improve team performance, a soccer coach asks his team to run two miles a day while
the players decide to take vitamins. In this case the effects of running two miles a day and taking vitamins will be confounded since
it will not be possible to identify the effect of them on team performance independently.

In other words, Confounding is the inability to distinguish between main effects and interaction effects.

Confounding occurs when a fractional design is chosen instead of a full-factorial design.

Controlled Factors

Are design variables that can be realistically controlled in the production (real world) environment. Examples include gauge
thickness of sheet steel, shape of a support bracket, and mold temperature.

Design Variable / Factors
System parameter that influences the system performance in the chosen response.

A design variable is a property of the study. It is an object that is varied by the study based on certain rules. You can associate a
design variable to a particular model parameter. Two design variables cannot be associated with the same model parameter. A
design variable does not always need to be associated to a model parameter. Design variables can be linked within or across
models.

Or in other words:
Design Variables are system parameters that change the system performance.
Design input (variable) whose value is changed to cause a change in the output (response).

Factors can be controlled or uncontrolled. They can be controlled or uncontrolled. A factor can be either Discrete i.e., slow (-) or
fast (+) or Continuous i.e. temperature.
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Effects

Are the changes in the responses produced by changes in the levels of the design variables. If the effects line is horizontal, it
implies that the design variable has no effect on the response of interest. As the line becomes more vertical, the effect on the
response of interest is greater. A positive slope indicates that changing the parameter value will result in a direct change to the
response, whereas a negative slope indicates an inverse association.

Filling / Fitting (Approximation)

Fitting functions (Approximations) are meta models that represent the actual responses. Some simulations are computationally
expensive which makes it impractical to rely on them exclusively for design studies. In these cases, use of approximations leads to
substantial savings of computational resources.

Full Factorial (used for Screening)

e Used for parameter screening
e Design Variables with any levels
e All Interactions

e No confounding

Fractional Factorial (used for Screening)

e Used for parameter screening when cost of full factorial is prohibitive
e Canbe 2or3levels

e Interactions can be chosen

Hammersley (used for Space Filling)

e Used for metamodeling

e  Number of designs is the number of levels

Interactions

Are the varying effects that a design variable can have on a response at varying levels of other design variables. An interaction is
the failure of one factor to produce the same effect on the response at different levels of another factor. In other words, the strength
or the sign (direction) of an effect is different depending on the value (level) of some other variable(s). An interaction can be either
positive or negative. Graphically, two factor interactions are indicated by a significant non-parallelism of the two lines in an
interaction plot.

Latin Hypercube (used for Space Filling)

e Used for metamodeling

e  Number of designs is the number of levels
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Levels

Levels are discrete (or continuous) values of the factor/variable. The values taken by x in the range [-1; +1] are called levels. So if
you look at the example discussed earlier, the minimum and maximum temperature would correspond to -1 and +1. The number of
levels per variable to be considered depends on the level of non linearity in the problem; for a linear model two levels are sufficient;
for a quadratic model three levels are needed.

With respect to the example from above, if we would have considered not only 100 degrees and 200 degrees but also 150 degrees
the study would have been a 3 level DOE.

Linear Effects

Shows the effect of a change in the level of a design variable on the response. Linear effects are shown in table and plot format. In
a plot, if the line is horizontal, it implies that the design variable has no effect on the response of interest. As the line becomes more
vertical, the effect is larger. A positive slope indicates that changing the parameter value will result in a direct change to the
response. A negative slope indicates an inverse association.

Main Effect

Is the influence of individual factors on responses. Main effect of a factor is the change in response produced by a change in the
level of the factor alone, averaged across the levels of other factors. Variables with small effects can be screened out without much
loss of accuracy in further design studies such as optimization. This reduces the problem dimension which in turn will reduce the
computational expenses as well as the amount of data to be investigated.

Optimization

Design optimization is the use of a collection of mathematical procedures to achieve a design as fully perfect, functional, or
effective as possible. Quite often the optimized design represents a compromise between partially conflicting objectives.

Plackett Burman (used for Screening)
e Used when only main effects are important
e Only2levels
¢ No interactions

e For 3DV’s 12 designs (FuF has 8); for 4DV’s 12 designs, can also be 12, 20, 24, 28, 36 designs

Reduced Variables
In DOE terminology, it is standard practice to work with reduced variables that has a range of -1 to 1 for each real variable.

Reduced variables are associated to real variables with the following formula:

X - Xigax + Xy
2
X

r= Y

LAY
2

MIN
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where X is the initial variable and x the reduced variable.

Regression

Is a polynomial (expression) that relates the response of interest back to the parameters that were varied. It is only as good as the
levels used when performing the study. For example, a two-level parameter only has a linear relationship in the regression. Higher
order polynomials can be introduced by using more levels. Note that using more levels will result in more runs.

A Linear Regression model:

F(X) = a +aX +aX +(eror)

An Interaction Regression Model:

FiX)=a, +aX +a 2+ a XX, + (orror)

A Quadratic Regression Model (2nd order):

FiX) = a,tak rax raxx+ 3=K12 * 55113 + (Brror)

Response

Measurement of system performance. Examples are: weight, volume, displacement, stress, strain, reaction forces, and frequency

Response Surface

In the absence of a continuous function relating the objective to design variables, numerical experiments can be used to generate a
table of objective-function values vs. design-variable values. A surface fitted through this table of points is called the Response
Surface.

Robust Design

Understand whether the model (and method) is robust to small variations in the factor levels. If the model turns out to be non-robust
then understand the bounds may be modified to achieve robustness.

A robust design is insensitive to small design changes. It minimizes the variations in performance and puts design on a predefined
target.

There are two types of robust design:

e Variation in noise factors.

e Variation in design variables

Note: HyperStudy has the capability for performing robust design by combining an optimization study with a stochastic study.
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Screening

Used at the beginning of the experimental phase. The objectives are twofold: 1. Explore/test as many factors as possible in order to
understand whether they have an influence on the design. 2. Understand their appropriate ranges.

Sensitivity

Rate of change. Normally gradient of the response with respect to the design variable(s).

Study

In HyperStudy, a study is a self-contained project (saved into a study file, with a .xml extension) in which models, variables,
responses, and approaches are defined. The HyperStudy GUI was designed to guide you through a series of steps to set up a
study and/or to add an approach. Each step must be completed before progressing on to the next step.

Uncontrolled Factors (Noise)

Are variables that cannot be realistically controlled in the production (real world) environment but can be controlled in the lab.
Examples include ambient temperature, humidity and/or occupant seating positioning. Of course, if the uncontrolled factors have an
impact on the results they need to be considered in the study as well.

Variable

Also called factor. Anything that we can control or measure in an experiment. In engineering design we usually use the term design
variable.

8.2 Did You Know

8.2.1 Tutorials

HyperStudy (and in general HyperWorks related) tutorials can be accessed through the HyperWorks Help Home

o Untitled - HyperStudy v14.0 (120.28.945024)
File Edit View Tools Applications | Help

0 HyperStudy [l

4 Welcome HyperWorks Desktop
HyperWaorks Help Home

L ]
= 3 2 i | 2B

Start a Study: About HyperWorks
| Updates and System information...

Mew Study What's New

Script Exchange
F

Online Learning
Open Study

Contact Us
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More than 35 tutorials are available which are grouped in Introduction, Advanced Solvers, Approach Overview, Design of
Experiments (DOE), Fit, Optimization, and Stochastic.

Hyperstudy

Contents | Index | Search

=1 (3 HyperStudy

(=15 How to Use HyperShudy

[BLR] T utorial)
[E€ introductory Studies
[EGs Advanced Solvers
[EGs Approach Overview
[E4g Design of Exparmant (DOE)
[Eg Fit
[FIGx Optimizatinn
[ Siochastic

[E14& Leam the Concepts

[#158 Mave on Files

[ Altair Help Home

|2 hyperstuay:

HyperStudy Tutorials .
(<> [}

HyperStudy performs DOE (Design of Experiments), optimization, and stochastic studies in a CAE environment.

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.
1t can be applied in the multi-disciplinary cptimization of a design combining different analysis types.

Besides the typical definftion of sobver input data as design variables, the shape of a finite clement medel can alse be parameterized.

Model files can be accessed from the installation directory, Client Center, or Altair Connector. Please note that a user name and password are required for the Client Center and Altair Cennect.
Follow the instructions provided to obtain the login information

+  Installation Directory

Tutorial model files are located in <install directory®\tutorials\hsth.
This path of the i liat
unch ik

directory is on the installation that was performed at your site. To determine what this path is:

List of Interesting Online Help Tutorials

HS-1025: Working with a HyperMesh and HyperMorph Model

http://www.altairhyperworks.com/hwhelp/Altair/hw14.0/help/hst/hst.htm?hs_1025.htm

HS-1035: Optimization Study Using an Excel Spreadsheet

http://www.altairhyperworks.com/hwhelp/Altair/hw14.0/help/hst/hst.ntm?hs_1035.htm

HS-4415: Optimization Study of a Landing Beam Using Excel

http://www.altairhyperworks.com/hwhelp/Altair/hw14.0/help/hst/hst.ntm?hs_4415.htm

HS-1540: Shape Optimization Study Using HyperMesh and ANSYS

http://www.altairhyperworks.com/hwhelp/Altair/hw14.0/help/hst/hst.ntm?hs_1540.htm

HS-1545: DOE and Optimization Study with HyperMesh, HyperStudy, and ANSYS CFX

http://www.altairhyperworks.com/hwhelp/Altair/hw14.0/help/hst/hst.htm?hs_1545.htm

HS-1550: Shape Optimization Study Using HyperMesh and Abaqus

http://www.altairhyperworks.com/hwhelp/Altair/hw14.0/help/hst/hst.htm?hs_1550.htm

HS-1570: DOE and Optimization Study Using FLUENT

http://www.altairhyperworks.com/hwhelp/Altair/hw14.0/help/hst/hst.htm?hs_1570.htm

HS-1580: DOE Study Using CATIA

http://www.altairhyperworks.com/hwhelp/Altair/hw14.0/help/hst/hst.htm?hs_1580.htm
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HS-1605: Setting Up an ANSYS Workbench Model

http://www.altairhyperworks.com/hwhelp/Altair/hw14.0/help/hst/hst.htm?hs_1605.htm

HS-1615: Setting Up a FEKO Model

http://www.altairhyperworks.com/hwhelp/Altair/hw14.0/help/hst/hst.htm?hs_1615.htm

HS-4200: Material Calibration Using System Identification (RADIOSS)

http://www.altairhyperworks.com/hwhelp/Altair/hw14.0/help/hst/hst.htm?hs_4200.htm
8.2.2 Archive

When you export a study, HyperStudy creates a file with a *.hstx extension. The following files are packaged into the .hstx file:

e  Study .xml file
e Resource files
e Reference files
e hstdf and .data files
e Any other files in study directory
If the resource file and reference files are not in the study directory when Export Archive is selected, then they will be copied over

and included in the .hstx file. The archived .xml study file will be updated to point to the new location of the resource file and
reference files

Note: Export Archive does not package run folders in approach directories (such as approaches/doe_1/run_xxxx), in order to
minimize the archive file size. Files included in resource files that do not reside in the study directory will not be packaged.

Use case: The Archive file it could be used by a fellow student who then would continue with your study; or the Support Team may
ask you to send an Archive file so that they can understand what you have done). However, if HyperStudy was customized in some
way (e.g. using a special Preference file, referencing an external solver, etc.) or run files, this information is not included in the
Archive.

8.2.3 Import Archive

This feature un-packages the archived .hstx file at a given location. The. hstdf and .data files are placed in their respective locations
and all of the other files are organized in the study directory. Import Archive also modifies the study directory in the .xml file to the
new location.
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o Example_Beam_Template - HyperStudy v14.0 (120.28.

[ File | Edit View Tools Applications Help
| New... Ctrl+N
i Open... Ctrl+

Close Ctrl+

IH Save Ctrl+
2 Save As..
o Import Archive...
# Export Archive...
Package Reports...

Use Preferences File...

Set Preferences File ( )

8.24  Multi-Plot

Activate the Multiplot icon in the upper right corner of the GUI and select the data of interest, e.g. Thickness 2 and Mass. Then
HyperStudy automatically displays the 2 graphs (working area is splitted)

Multiplot
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2 EP Thickness 3
(] i
E 0.0017 : 4 ﬁ Displacement at node 19021
En 000975 .5 ﬁ 1st frequency
' 6 G File Size
0000957
0.000925
d <4 | 1l 3
e T T S T e N D
- Evaluation - - Evaluation ' E Channel
Stop @EvaluateTasks ﬁ Back  Mext »
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Right mouse button clicks on “Evaluation Plot2 opens the dialog windows “Show in” — Capture (creates png file) or “Report to” —
Capture (places the image in the clipboard)

|\ Evaluation Plot

|®  Show in C Capture
19E; Report to ’ [ J :
: B 75

Alternatively, clicking on a graph will open the graph in HyperGraph directly.

8.2.5 Explorer

In the Explorer you can see all the studies, collapse them all (right mouse click), sort them by type, date of creation, etc.

8.2.6 Directory

The Study directory (STUDY_DIR_PATH) is the main directory that has your xml, tpl, .fem, and other. files. It is recommended to
save the preference file here as well, so when you Archive the Study, the preference file also gets archived. You can expand all the
run directories (STUDY_RUN_PATH). You can “Diff” files, directories. You can open the directory in the browser. You can open
h3d files in HyperView.
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f Bxample_Beam Template - HyperStudy v14.0 (120.28.945924)

File Edit View Tools Applications Help

b & | |5

4]
a
a

' Explorer = Dlrectory‘

P

Name

Date Modified

CAUsers\goelke\Documents\Altain Hyperstudy_v14.0.120.28945924\Example_Beam_Template

Example_Beam_Templatexml

> g _usr
4 | approaches
4 | doel
doe_1.nstdf
4 | run_00001
4§ m1
beam.fem
beam.n3d
2| beam.html
"\ beam.mww
4 beam.out
beam.res

beam.stat

2| beam_frames.html
| beam_menu.htmi

hwsolvermesg

Bl run_ 00002

= b run_00003

Pl un_00004
> i nom_1

- beam.tpl

10/4/2016 4:12:04 PM
10/4/2016 5:11:41 PM
10/4/2016 5:11:41 PM
10/5/2016 9:36:01 AM
10/5/2016 9:35:52 AM
10/5/2016 9:35:53 AM
10/5/2016 9:36:00 AM
10/5/2016 9:35:53 AM
10/5/2016 9:35:59 AM
10/5/2016 2:35:59 AM
10/5/2016 9:33:59 AM
10/5/2016 %:36:00 AM
10/5/2016 %3553 AM
10/5/2016 9:36:00 AM
10/5/2016 9:35:59 AM
10/5/2016 9:35:59 AM
10/5/2016 9:26:00 AM
10/5/2016 9:35:53 AM
10/5/2016 9:35:53 AM
10/5/2016 9:35:33 AM
10/5/2016 9:.20:01 AM
10/4/2015 412:04 PM
2018 94547

11 Kl

580 KB

J\ ALTAIR

All the runs of your study will be placed under (within) the “approaches” directory. So there will also be a nominal run (nom_1) after

the study setup.

In the example above a DOE with four runs was conducted. Hence, in the directory “doe_1" there are 4 run-folders (run_0000x)
belonging to the different DOE runs respectively. For instance, in the folder run_00001 the files regarding the first DOE run are
saved in the folder | “m_1". All other folders follow the same structure.
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Right mouse clicks on the *.h3d file automatically loads the model and results file into HyperView.

Date Modified Size
4 | C\Users\goelke\Documents\Altair\HyperStudy_v14.0.120.28.945924\Example_Beam_Template

10/4/2016 4:12:04 PM
10/4/2016 5:11:41 PM
10/4/2016 5:11:41 PM
10/5/2016 9:36:01 AM
10/5/2016 9:35:52 AM
10/5/2016 9:35:53 AM
10/5/2016 9:35:53 AM
10/5/2016 9:35:53 AM
10/5/2016 9:35:53 AM
10/5/2016 9:36:00 AM
10/5/2016 9:35:53 AM

L 1N/5/201A G2ANN AM.

Open
Open with
Delete

Go to

Diff
Copy names
Copy names with full path

11 KB

58 KB

435 KB
606 KB
7 KB

HyperWorks
HyperMesh
HyperMath

Register User Utility...

‘—:% Explorer Ei:f— Directory
Name .
Example_Beam_Template.xmi
h _usr
4 | approaches
4 | doell
doe_1.hstdf
4. run_00001
b & run_00002
» & run_00003
4 | run_00004
4 | ml
beam.fem
beam.h3d
& beam.htmi -
’y beammvw | F
4 beam.out kA
beam.res
beam.stat
2| beam_frames.k
2| beam_menu.ht B
hwsolvermesg L =
> & nom_l

10/5/2016 2:20:01 AM

If available on your PC, you can also select run files (e.g. *.fem) from different runs/folders to compare (and maybe debug) your
model. Pretty handy functionality.
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Diff allows to visualize difference of the input files (model files). You may also compare (diff) entire directories. You may need to set
the ENV Variable to a Diff tool (Diff-HW_HST_CMD_DIFF)

83178

B31BSHMNEME PROP 1"PEBELL" 4

B313SHNCOLOR PROE 1 3

B320PSHELL 1 10.002000 1 1 0.0
F 10.001100 1 1 0.0
3 10.004500 1 1 0.0
4 1 1 0.0

B32555 MAT1 Data

832835

B32TSHMNEME MAT 1muRTi" "MaTL®

B32§{SHNCOLOR MAT 1 3

BI2HMATL 12,1411 0.3 az0.0

833055

Also, very convenient is the option to “Browse files” which list your files in your Windows file browser

==

:JH Explorer | I= Directory

23178
S3165EMENE FROF
23195EM00L0R EROP

232838
B32T(SEMEME MAT
B328/5EM00LOR. MAT
8325271

2330038

[
[~~~

e

N
=]

Name ) Date Modified Size o
4 | C\Users\goelke\Documents\Altair\HyperStudy_v14.0.120.28.945924\Example_Beam_Template
Example_Beam_Templatexm| 10/4/2016 4:12:04 PM 11 kB
> [ _usr 10/4/2016 5:11:41 PM
4 | approaches 10/4/2016 5:11:41 PM
4 | doel 10/5/2016 9:36:01 AM
doe_Lhstdf 10/5/2016 9:35:52 AM 58 KB
> L. run_00001 10/5/2016 9:35:53 AM
> L run_00002 10/5/2016 9:35:53 AM
4 | run_00003 10/5/2016 9:35:53 AM
4 ) ml1 - 10/5/2016 9:36:00 AM
| p# Open M 435 KB
b Open with P oM 607 KB 3
2/ b ® Delete \M 7KB
/\ b a 1Kp
b Go to Y ¢ Browse files '
b Diff ti Study Explorer view Ctrl+) B
b Copy names M 6 KB
A 4 Copy names with full path M 271 bytes
| beam_menu.html  10/5/2016 9:36:00 AM 6 KB
hwsolvermesg 10/5/2016 9:36:00 AM 30 bytes
4 | run_00004 10/5/2016 9:35:53 AM
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lyperStudy v14.0 (120.28.945924)

File Edit View Tools

-'fg Explorer t’ Directory
o \i Beam Template
al & Sewp

¥ Define models

Define design variables
# Specifications
@ Evaluate
¥ Define respanses
¥ Post processing
¥ Report
4 (g1 voe1

¥l Select design variables

¥ Select responses

¥ Specifications
¥ Evaluate

¥ Post processing

¥ Reporl

Applications

Help

& Tasks Evaluation Data h Fualuation Plot

= Go to Dircctory

¢ Browse files

l+Thickness 2 [J*Thickness 3 ﬂ Open related file directory 'ﬁtfrequenc\_ i rile Size |

Label Varname |

| 1 9.00c 04 0.0045000 24720900 0.0028209 28912540 622239.00 i].j |+ Thickness 2 m_1_varame_2
2 9.50e-04 0.0047500 25470000 0.0027235 292.33450 52244400 izj T+ Thickness 3 m_1_varmame_3
3 0.0010000 0.0050000 26219100 0.0026359 795.23650 62271600 iii _fﬁc_ Mass 1
l1 0.0010500 0.0052500 2.6968200 0.0025567 297.85990 621938.00 i-lj & Displacement at node 19021 r 2
5 0.0011000 0.0055000 24717400 0.0021846 300.22980 621182.00 i5| ﬁ 1st trequency r3
{8] & File size r4
— Channel
s I =
@ Stop @ Cvaluate Tasks
=l Messagelog @
35 Message: Generating design for ( Doe 1 (dee_1) ) - { Full Facterial ] - ( Controlled design matrix )
36 Message: Saved study ( Deam Template (beam) )
37 Message: (G~ L 1
32 Maszsaga:r ( C:\Usars - vld.
39 Message: {81 Altair\HyperStudy v14.0
40 ( C:\Users\goelke\D Altair\HyperStudy_vi4. 0.1

41 ( Ci\Users\goelke\Documents\dltair\Hyperstody vi4. 0. 17

h Dack

1\run

run__00004\m

Next WD

00001 \m

ceccoecoOceOO

42 Finished ( C:\Users

43 Finished ( C:\Users

44 nished {( L3

45 Message: Savad study | Beam Template (beam) } - =

1\run__ 00003

In a similar fashion, if you want to see all files belonging to a particular design, you may go to the “Explorer” —Evaluate, then select
the design of interest and click on the “Browser files” option in the header. This will then open up the file explorer listing all relevant

files.

8.2.7

Run Matrix

Available in the Specifications pages, top right corner (highlighted in yellow in the image below). You can add, edit, and delete runs.

—
? Example_Beam_Template - HyperStudy v14.0 (120.28.945924)

File Edit View Tools

be @ |

e
| B

Applications

Help

?g Directory |
4 4 Beam Template
4 L& Setup
Define models
Define design variables
‘. | Specifications

]
45 Explorer

Specifications

e

Evaluate
Define responses
Post pracessing
Report

4 l@ Doel
Select design variables
Select responses

B O mmifirnsinmn

[Ead Edit
Mode Label Varname Details Value
i (@] Q. Nominal Run Nom Run system at initial values Number of runs 5
2 ® Q, System Bounds Check Chk Run system at initial values, then lower and upper values
3 @ Q, Sweep FillSweep Sweep system values from lower to upper values

[ g .
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After clicking on Run Matrix, the following EDITABLE summary will be shown.

A
Edit Data Summary - HyperStud)_r v14.0-120 (120.28.945924)

- S~ — N N

AddRun [ Remove Run | | Import Values

oI+ Thickness 2 [I¢ Thickness 3 4.  Mass .Displ...19021 Gt frequency S File Size

9.00e-04 0.0045000 24720900 0.0028209 289.12540 622239.00
9.50e-04 0.0047500 2.5470000 0.0027235 292.33450 622444.00
0.0010000 0.0050000 26219100 0.0026359 295.23650 622716.00
0.0010500 0.0052500 2.6968200 0.0025567 297.85990 621938.00
0.0011000 0.0055000 2.7717400 0.0024846 300.22980 621482.00

A W N

You can modify/edit any of the fields for instance if you wish to look at your specific design “proposals”. The Run Matrix offers even
more: If you have test data (no simulation yet) you may include the test data in the RunMatrix (you can append more rows/columns
within this table), then run a DOE, create a Response Surface on it and run an optimization study on it.

8.2.8 Drag’ n Drop

While setting up your study, you can drag and drop .tpl, .hm, .xIsx, .prfj, .hstx files directly into the working area

A Example_Beam_Template - HyperStudy v14.0 (120.28.945924) l’l‘"—“'ill_—::'
| File Edit View Taols Applications  Help

%8
|:,': Explarer 713 Direl:honr. f Cafine Modals
i 4 4_.Bearn Template B add Model 3 Remove Modal
« 1§ sewp Active Label Varname Made| Typa Resource
_raliiet L7 Modell  m.1

{} Parameterized File C/Users/goelke/Documents/Altair/HyperStudy_v14.0.120.28.245924/Example_Beam_Template/beam.tpl |”l

# Define design vanables

W Specifications

¥ Evaluate

| Define responses

| Post processing

# Report
el .@ Doe 1
¥l Select design variables

8.2.9 File Assistant

Rahul Rajan provides a brief introduction into the “File Assistant” in the video recording below.
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File Assistant in Hyperstudy 14.0

https://altair-2.wistia.com/medias/9akrgpgpib (by Rahul Rajan)

8.2.10 Copy Approaches

If you have a DOE set-up with various definitions, or you are dealing with an optimization setup with many constraints and you want
to re-run it after a small modification, you can copy the approach.
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::.-:‘E Explorer ?j Directory 'Ea approach Details
- \i Beam Template Label
4 ;'_Q Setup | 1 Doel doi

Define models

Define design variables
Specifications
Evaluate

Define responses

Post processing

Report
= .
4
|L€IDL1 £ Add Approach..
Selectd¢ @  Remove Approach..
Select re Copy Approach
Specificz Rename Approach
Evaluate |
Close Ctrl+W
Post pro
Report 5+ Sort approaches by i :
Go to ’
Collapse All i
Expand All E

8.2.11 Varname and Label

Label can be any string, e.g. thickness for part one etc., Any characters of the supported languages should work in here. Varname
is a unique identifier which is automatically assigned by HyperStudy. Of course, you can change it as well if you feel it would make
your work easier. Note, you can’t use the same name for two different entities.

File Edit View Tools Applications Help

B & 6|5/

E:'E Explorer t_ Directory : f Define Models
2 \ﬁ Beam Template Add Model Remaove Model
4 '_ Setu [ | | |
& P Active Label Varname Model Type
Define models | = . o
| I 1 Model 1 m_1 {} Parameterized File

Define design variables
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8.2.12 Message Log
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The most effective way of debugging the process is to open the Console from “Message View” and to increase the verbose.

Message Log @

12 Mes=zage:

13 Measage:
14 Meszage:
Meszage:
Mes=age:

i3
1&
17
i3
14
20
21
22
23
24
25
26
27
23
24
3a
31
32

Memmzmge:
Measoge:

Mes=age:
HE!Sth!
Meszage:
Mes=age:

Meszage:
Mes=mge:
Measnge:
Message:
Mes=age:

33 Messoge:
Mesazage:
Hes==zag=:
Hessage:

34
35
26
37
34
34
49
41
42

Mes=age:
Message:
Meszage:
Mes=mge:
43 Hessage:
44 Meszage:
5 Me

cececceCcCoccocCCEECEeEcCOREECQESRERECSE

=ge:

Cloaing study ( Study 1 (= 1) }
Saved atwdy ([ Study_ 1 (a_1} ]
Cloaing study ( Study 1 [2 1) )
Saved atudy ( Study 1 (= 1} )
Closing study { Study 1 (s 1) )
Saved atedy ( Stwdy 1 (a_1} )

Cloaing study ( Study 1 (= 1) )

Updating stody file to version 14.0.110 Capy

Updated study file to version 14.0.110

Saved avudy ( Beam Templace (beamn) ) Select All

Saved study ( Bram Template (be=am) } -

Sawed acedy ( Esam Tamplate (bBeam) ) #  Clear All

Starc [ oet = et 1 £, varpdy i - 5 oz bo
Stazt { C:i%Uz=za'goslis)Documsntsidltaiz) Avpestudy w14.0.220,.28. 845524 \Example Boam Te Show timestamps bo002'm
Seare i Damraygoalbos) Dooumentat AlE, WHyperStody wid 0.3130.28 8400824\ Fyamnle Beam Ta OO003\m 1
Smars { CrhUsera\goelys\DocumencahAltairhAvperstudy w14.0,120.23.99502¢YAxamnle Bean T4 B Show All

Finished | syOgargignal ke’ % . Ter i 1 1.3¢ 8, O4EG2d) =

Finished ( C:\Ds=ra\gosles\Documsncs\hlea; =Srudy w14 0.120.28 865624\ Fxanple Beem T 2 Meengce

Scarc [ LD E B j A Show waming

Finished ( Wﬂm&m&h&iﬂﬂzw 7

Finished ( C:i\Userslgo=lk='locument=iAltaizshHvpes, Sbl.:w wld.0,120.28.945024 \Fxample \" AT

Finmished | X z \r‘ Show verbose

Saved acudy ( Beam Template (beam) )

Generating design for | Doe 1 [dos 1) } - ( Full Factozial ) - ( Controlled design macrix | W Verbose

Saved atedy E:am Team.'l.ate (heam] }

Start ( ey ] L Log to file

Starc ( W&M&M@W :

Start { Ci\Useca\goslis\Cocumenta\Alts:shivpesdtedy v14.0.120.28. 845204\ xannle Been Te Details pooosym_
Start L wle]
Finished | Info 00014 11
Finished ( DO002%m 1% b
Finished |( Show Console pDooo3hm 3
Finished | CiYUs et DocumentahAlral s HVDex ! w14 31,94592¢4\Exannle Bean TomTTSTEaTRTrTRTITe ' 3
Saved study | BeamgTemplate (beam) ) B

If you activate “Show Console” run information will be shown in the pop-up window:
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] HyperStudy v14.0-120 ==l

HyperStudy v14.0.120.28.945924

A generic tool for
Robust design, Probabilistic analysis,
Parameter and Optimization studies

COPYRIGHT (¢]) 1996-2016 Altair Engineering, Inc.
All Rights Reserued. Copyright notice does not imply publication.
Contains trade secrets of Altair Engineering, Inc.

Decompilation or disassembly of this software strictly prohibited.

Email: hstsupportRaltair.com
Phone: +1 (248) 614-2400

Build id: e-04 945924 2016-0T7-20 14:0T7:56 {Wed)

8.2.13 Time Monitoring Features

As one goes through the design exploration process it is helpful to know how long particular steps in the process are taking or
when it occurred. HyperStudy logging provides two ways to monitor this. If one chooses to have a log file written during your
session, a timestamp is included with each message posted to the log. For example:

<Entity id="8" time="13:54:25" type="Info">Generating design for ( Doe 1 (doe_1) ) </Entity>

Alternately if one is monitoring the message log window one can enable the timestamps via the message log window context menu
and then the message log window displays a corresponding timestamp for each message.
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Copy Ctrl+C
Select All Ctrl+A

%  Clear All

v' Show timestamps

i Show All

500 Messages =

v Show warning
v Show info

‘é%‘ Message Log ()
v Show verbose
Message: Settings
Message: Settings v Verbose »
Message: Saved stu
Message: Saved stud o
Message: Log file
Message: Saved stud Details »
Message: Saved stu
Message: Generatimd o Info

Log tofile

(- -oF -+ - - -
-1y o R

Show Console

Another feature which can remind you of the evaluation completion time is to enable the ‘Notify’ dialog in the Evaluation form.

Once the evaluation is completed a dialog box will be displayed indicating the completion of the evaluations.

- |
Active Task d HyperStudy - -
1 Create Design ! Miilts-Esiciition Evaluation complete ( 2016-08-2517:15:46 )
2 Write Input Filed—
/{4 Jobs
3 P et -h‘n..a,l_-;:,\;: Log output [ OK ] lSth Dehils--'}
4 Extract Respons|
‘ Show i U
5 [ Purge ! - owin
: ¥ Reportto J

Yet another time reference feature is to sort the Approaches by their “Time Created” via the Study Tree context menu sort option.
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4 {-;f{ Doel
_ Add Approach...

I Seleq 2 Remove Approach...

I Seleq [ CopyApproach

V! Spec Rename Approach

# Evaly

@] Post Close Ctrl+W

| Repc 3, Sort approaches by 'l @ Time Created
4 Iy Optimi Goto L lype

| Selec Collapse All b

Seled Expand All Varname
X SpectiFIARE ™

8.2.14 Documentation

Here is how the HyperStudy documentation (online help) is structured:

1. How to Use HyperStudy
e Mostly for beginners, the flow of the product is explained.

e Invoking HyperStudy page, this section explains HyperStudy start options such as —v —s for debugging a process.

This is a page even advanced users can benefit from.

2. Tutorials
e There are 53 tutorials in HyperStudy Online Help!!! (click for the tutorial map)
e Some show the steps to perform a task such as HS-1020: Working with a Parameterized File Model for Size
Variables or HS-1060: Linking Variables of a Model to Responses of Other Models.
e  Some show realistic engineering applications such as HS-4200: Material Calibration Using System Identification or
HS-4415: Optimization Study of a Landing Beam Using Excel.

e They all have a similar flow making them easy to follow.

3. Learn the Concepts
e Deep dive into the methods.
e You can find a method comparison table for each approach in this chapter (click for DOE method comparison table).

e You can also find the definitions, usability characteristics and settings of each method (click for GRSM)

4. More on Files

e Because most HyperStudy functionality is customized through files such as a preference file; file structures are
explained in this chapter.

e This is where you can also find all the process environment variables along with solver script file examples.
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8.2.15 Reporting Capabilities & Browse Files

The typical study can produce lots of data. Of course, HyperStudy provides nice set of post-processing features to understand this
data but there are times when you need to send this data to someone who doesn’t have access to HyperStudy. For that
HyperStudy provides some reporting capabilities.

‘HyperStudy HTML’, Spreadsheet and ‘HyperWorks Session’ can be leveraged for this particular scenario. Once you are done with
report generation for all your approaches you can conveniently package reports using menu ‘File -> Package Reports’. | have
attached report package exported from study used for demo videos.

One more convenience feature is ‘Browse files’ button on Report panel as shown in image below.

This button opens folder where all your reports are stored under study directory. It comes handy when you want to access report
files to do some refinements.

Bxplorer | £+ Directory L‘__ Raport
4 d Beverage Can
Ll Sewp

# gl Doe

& Browse fies

Active Label Varname

1 HyperStudy PostProcessing hst_dssdata  Generate the input
¥ Select design variables 2 HyperStudy HTML hst_htm! Generate HTML ref
¥ Select responses 3 + HyperWorks Session hst_hwrmew  Generate HyperWg
¥l Specifications 4 HyperStudy Spreadsheet  hst_xis Generate Spreadsh

¥ Evaluate
¥ Post processing
¥ Report

8.2.16 Statistical Distribution Terminology

Let’s take a uncomplicated problem like the axial stress in a circular rod as a function of radius (stress=force/radius*2). After
collecting a lot of data from a Latin Hypercube DOE into HyperStudy you see the Distribution tab (seen in the screenshot below).
There are 3 related pieces of data shown the plots.

Histogram. This is the red bars that simply counts the frequency of occurrence and uses the left vertical axis. The data is grouped
into equal sized bins, and a simple additive count occurs for each bin. In the plot below, you can see the radius is equally
distributed between each bin (For what it's worth this is expected as the DOE is trying to equally fill the space). But the stress is not
so equally distributed and shows a distinct left bias. This result itself is interesting to remember just because the variables have a
particular distribution, in general, the responses do not have the same distribution.

Probability distribution function. This is the green line uses the right axis and most commonly simply called the PDF. You can
imagine making this line by drawing a curve through the tops of the histogram, and then normalizing this curve so that the area
under the curve is 1.0. This curve represents the likely hood of occurrence; a higher value means that value is more likely to occur.

Cumulative distribution function. This is the blue curve also uses the right axis and is mostly commonly called the CDF. This curve
is interpreted as the percentage of data values that falls below a given threshold. For example, 90% of the data is below a stress of
47. The normalization of the PDF is vital for this interpretation: 100% of the data must lie below the maximum value!
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8.2.17 Find Result Files

After running a study and then reopening that study a day or two later, have you tried remembering how the results of a particular
run looked. Instead of fishing around on the file system to find the result files, try the following steps inside the HyperStudy
application.

e Inthe Evaluation ‘Tasks’ table or the ‘Evaluation Data’ table, First highlight the row corresponding to the run of
interest.

e Now Click on the “Go to Directory” button at the top of the form.(This will open the Directory view and the run folder
corresponding to that row of the table)

e Right click on the appropriate file in the ‘Directory’ view and this will open the context menu with a number of
options.(The standard operations can be supplemented by registering your own user utilities if you have special tools

which should operate on the files)

J\ ALTAIR  Altair Engineering, Inc. All Rights Reserved. / altair.com / Nasdag: ALTR / Contact Us 208


http://altair.com/
https://www.altair.com/contact-us/

eBook / Introduction into Design of Experiments DOE with HyperStudy™ A A LTA I R

File Edit View Tools Applrcahons Help

P E

48 Explorer ‘ EYZ% Directory ‘ ‘ & Tasks ‘ Evaluation Data |n‘ Evaluation Plot
Name Date Mod E GotoDirectory [ Browse fles
4 |, C\Users\skoerner\Documents\Altair\HyperStudy_ 7
@ beam.tpl 17 \ StepIndex Write Execute Extract
b b _usr 2016206-29 1'.’:‘ 1 Success Success Success
4 | approaches 16-06-29 17, f@ Success Success Success
4 | noml 2016-06-29 l?i 3 v Success Success Success
L. run_00001 2016-06-29 17I 4 Success Success Success
4 | run_00002 2016-06 291?: 5 Success Success Success
a Lmi1 2016-06-2917
3 2016-06-2917
216062017
" i | B Open i ’
{® beam.mvw | © Open with o * | ”\ HyperWorks
% beamout | 38 Delete & HyperMesh
3 beam.res Y. HyperMath
: Goto >
], Dottt #  Friday Fun01
5 besin e @ Friday Fun 02
/€] beam_ment Copy names _
% hwsolver.me Copy names with full path < Register User Utility..
b4 run_00003 2016-06-29 17, [

8.2.18 Verbose

Once in a while you must have encountered some kind of error or warning and looked at the lower half of HyperStudy workspace
where a terse description of that warning/error was provided. That area is the “Message log” and by default it is “ON”. In case you
don’t see it, then it can be turned ON using the “Message log” option in the toolbar as shown below.

File Edit View Tools Applications Help
- B

be B .

%% Dirg Message Leg H(ig Tasks [- Evaluation Data |J!Q= Evaluation Plot

If you right click in that area, you see some options. One of them is Verbose as shown in the attached image below. By default, you
would notice that the option is set to Level 0. Most of the time that is good enough for simple trouble shooting/debugging or taking a
corrective action in your process. However, in case you ever wished that HyperStudy could be more explicit or reveal more
information about what it was doing in the background when you hit Apply, evaluate etc. then there is a simple way of doing that.
Just play around with setting the levels to 1, 2 and 3. Observe that as levels increase so does the chatter from HyperStudy. At 3,
HyperStudy is most talkative.

H D Explorer

Fia| |
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Copy Ctri«C %
Apply

Select All Cirls &
Clear All

= .

Message log 3
Show timestamps

Show All

Messages -
Show warning
Show info

Show verbose

[sl2]s]g =

=

Verbose v
Log to file

Details

0 Info

S T

One very useful piece of information that level 3 verbose provides is writing a set of Environment Variables in a .htm file. As show in
image below, you can simply click on the link and check the Env. variables and their set value for the given study. This is useful in
case you want to write a tcl script or a batch file which use the Env. Variables that HyperStudy understands.

Message Log | §

¥
v
¥
¥
¥

8.2.19 Purge

It is not uncommon for multi-run design exploration software, to utilize a lot of disc space and subsequently run into disc space
constraints. If a single evaluation cycle uses 100 MB, 100 evaluations will have a footprint of 10 GB!

Purge is a predefined task in every evaluation cycle, that deletes hand-picked output files.
Steps need to follow:

e  Finish your nominal Setup

e Activate Purge in the Evaluate Tasks list and inspect the files

e Select some or all files and confirm (We recommend hanging on to important files)

e In every evaluation cycle Purge will remove those files after the Response extraction is complete

e All subsequent Approaches and evaluations will inherent those Setup Purge settings
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4 [} Setup Ll
¥ Define models
¥ Define design variables
¥ Specifications Name ]
¥ Evaluate beam.res
¥ Define responses bY ¥ beamhid
M Post processing k3 2 beam.fem
¥ Report

 Example_Beam_Template - HyperStudy v14.0 (88.872435) =Bl 3% |
Be e %6 o
“ oplorer & pirectory 4 Tesks @ Evaluation Data rn, Evaluation Plot

4 -4 Beam Template £ Browsefiles & Go to Directory =

Date Modified

2016-04-07 10:12:03 AM
2016-04-07 10:12:03 AM
2016-04-07 10:11:55 AM

Size
1434 K8
608 KB
435KB

/ Beam Template / Setup / Evaluate ( Nominal Run, 1 Steps )

8.2.20 Keyboard Accelerator

Have you ever had to quickly change what was showing on your desktop?

The other day | was thoroughly enjoying myself rolling the mouse scroll wheel back and forth on the sliders in the HyperStudy
Trade-off form. A very insightful activity as you can dynamically see how changes in inputs to the system influence the outputs of
the system. Then | heard my boss coming who | didn’t want to let know how much fun | was having, so | had to quickly change

what was on my screen.

Hotkeys to the rescue.

Hit Ctrl-w, ‘boom done’, study was closed.
Other popular keyboard accelerators
Ctrl-d for any of the ‘Work buttons’

Ctrl-n for opening a new study

Ctrl-o for opening an existing study

Ctrl-q quit the application

Ctrl-c cut

Ctrl-v paste

<F1> raises the help
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<F11> to toggle into full screen mode and out of full screen mode (On Mac use the Mac Key instead of Ctrl)

(On Mac use the Mac Key instead of Ctrl)

8.2.21 Font

HyperStudy allows you to change the size and type of the font. Pretty nice feature.

File Edit |View | Tools Applications Help

[ g |V ToolBar
: v | Status Bar
5 Bxplorel /' study Explorer “# Tasks Evalt
4 \i Beai ¥ Message Log e Go o Directory
a Ll S Language v — g
Font 4 Change Font
Full Screen F11 | Restore Default

8.2.22 Languages

The HyperStudy GUI supports different languages

Change the language by clicking View > Language from the menu bar.
English (en)

Deutsch (de)

Francais (fr)

BAEE (ja)

ot 2l (ko)

B (zh_CN)
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o Study_1 - HyperStudy
IR HRE E) IEM GEERE @A  #8h(H)
W& B IR
v REEE
B OHER | PE S rmee EUEE BRE | | RS (;9 EETE
EEHE
o f studys Red L ISR | EhEHEE
EH= z
a IR Setui \ fE=H b English (en) - By iE TiE
LB : Dl Real ~ 09000000
B&: e Fll Frangsis(1r) Real 09000000
. £3 - .
,zi = IR E':—':O‘I(kcl]
% Ea © HI$PI (2h CN)
% 44EE
E{FPI (zh_ CN)

8.2.23 Preference File

You can customize HyperStudy behavior using the Preference file.

LR

- 1.1000000
- 1.1000000

.- t-x Hp

The Preference File can be registered in HyperStudy to customize studies and extend the usage of HyperStudy; such as registering

external solvers, responses, optimizers, changing study precision, etc.

A preferences file is an ASCII file that configures the application or its clients, and specifies default user settings such as the
readers, functions, and solver script locations. A standard preferences file is created in the program installation directory and is
executed every time a license is activated. An additional preferences file can be created in your working directory, and can contain
personal settings that will either overwrite the standard preferences file or be added to the existing settings in the standard

preferences file.

When HyperStudy is first started, File > Use Preferences File will be inactive. In this case, only the standard preferences file

($HST_ALTAIR_HOME/hw/preferences_hst.mvw) will be used.
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o HyperStudy - Set Preference File = % i e i e e o

@Ov\. « Data (D:) » HW14 01 » hw » prefinc »

Organize -

v| +p ‘ | Search prefinc

MNew folder

B Desktop A o

Creative Cloud Fil , preferences_plot.mvw
I Cicanye Clo b Altair HyperWorks MYW File
& OneDrive - Altair

127 KB

, preferences_plot3d.mvw
. Libraries Altair HyperWaorks MVW File
“L. Documents 121 KB
4. Music , preferences_postmvw |
<. Pictures Altair HyperWorks MVW File o
= 6.88 KB
%, Videos =
, preferences_study.mvw
N Altair HyperWorks MVYW File =
) omputer 397 KB
& System (C)
, preferences_tools.mvw
v Data (D) p Altair HyperWorks MVW File —
= TOSHIBA EXT (E) 1.66 KB
- , preferences_video.mvw ~ !

| |
File name: preferences_study.mvw - [Session file (*.mvw) ']

l Open l‘ Cancel |

The default Preferences File, preferences_study.mvw in <install_dir>/hw/prefinc directory:

*BeginSolverDefaults ()

*RegisterSolverScript (radioss,
*RegisterSolversScript (os,
*RegisterSolverScript (templex,
*RegisterSolverScript (hx,

*RegisterSolverScript (ms,
*RegisterSolverScript (py,
*RegisterSolverScript (tcl,
RegisterSolverScript (spawn,

{if(fileinfo (getenv ("hmath_batchlaunch"), "size")
*RegisterSolverScript (hmath,

{endif}

*EndSolverDefaults ()

"RADIOSS",
"Optistruct”,
"Templex",
"HyperXtrude",

e

getenv ("hx launch")

"MotionSolve - standalone",
"Python",

nToLT,

"HST_ SolverSpawn",

= -1)}

"HyperMath", { getenv("hmath batchlaunch") },

getenv("radioss_launch") 1,
getenv ("opti launch™) 1},
getenv ("templex launch™) 1},

{ getenv("ms launch") },
{ getenv ("python fullpath™)},
{ getenv("tclsh_fullpath™) },
{ getenv("radioss_ launch") 1},

HST_SolverRadioss)
HST SolverOptisStruct)
HST_SolverGeneric)
}, HST SolverGeneric)

HST SolverMotionSolwve)
HST_SolverGeneric)
HST_SolverGeneric)
HST_SolverSpawn)

HST SolverGeneric)

To use a personal preferences file, you need to select File > Use Preferences File from the menu bar. In the HyperStudy - Set
Preferences File dialog specify the location of the file. Once the Preference file is selected, File Set Preferences File will include the

path to the file.
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8.3 Response Expression Builder

In this section the responses for the Introductory Example (Arm Model) will be set up using the Response Expression Builder.
Remember that in the Introductory Example, they were created using the File Assistant. File Assistant is a Ul that automates the
response definition. In the background it uses the powerful Response Expression Builder. The purpose of this section is to
introduce you to the Response Expression Builder so that you can use it when you need the full power of the Response Expression
Builder.

Click “Add Response” to bring up the HyperStudy-Add dialog box.

o HyperStudy - Add - HyperStudy v.. | <

Label: Response 1

Varname: r_1

0K ] [ Cancel ] [ Apply

Input “Mass” as the “Label” for this response and click OK to close the dialog box.

Click on “Expression ....” to open the response “Expression Builder” (for the response Mass)

m Define Responses

Add Response Remove Response | | File Assistant
Active Label Varname Expression Value Comment
1t Mass i ... Not_Extracted
o Expression Builder - { Mass (r 1)) - HyperStudy v14.0-120 (120.28.945924) =X
f‘f_c] Evaluate Expression Lol Cu

F=  Functions EE* Design Variables 4 Responses File Sources ASCII Extracts
Add File Source Remove File Source E3 Insert Varname

Label Varname Source File

© 1o add an item click here or press "Add File Source"

] 1 »

oK ] I Cancel
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Open the “File Sources” tab (highlighted in the image above), then click on “Add File Source” to create a new vector. In fact, by
specifying a “File Source” we tell the system from which file (e.g. result file, log file etc.) the respective information will be extracted
from.

4 Expression Builder - { Mass (r_1) ) - HyperStudy v14.0-120 {120.28.945924)

f_i'ﬁ Evaluate Expression

F= Fundions |, [+ Design Variables |4 Responses File Sources ASCII Bxtracts

Add File Source Remove File Source E3 Insert Varname

Label Varname Source

Keep “Select Type” as “Solver output file”. Click OK. “Vector 1” is created and selected in the Expression Builder.

o HyperStudy - Add - HyperStudy v... | 2%

Label: Vector 1

Varname: wv_1

Select Type

Solver output file Reference file

[ OK ] [ Cancel ] [ Apply I
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-
ﬂ' Expression Builder - ( Mass (r_1) ) - HyperStudy v14.0-120 (120.28.945924)

ﬂ?ﬁ Evaluate Expression

F= Functions

EE* Design Variables | Responses

File Sources ASCII Extracts
Add File Source 2] Remove File Source E? Insert Varname ¥
Label Varname Source File
1 Vectorl v 1 B Solver output file

4 I

»
oK | l Cancel
L
The HyperStudy Expression Builder window
In the “File Sources” tab, click on the file icon “File ...” to load a file to parse.
Add File Source  [£) Remove File Source Insert Varname ¥
Label Varname Source File Subcase Type Reguest Component
1 Vector 1 vl & Solver output file

In the nom_run folder, open the m_1 folder and select the beam.out,

4 Open File
@-Ov |, = test » Beam_ DOE F+ approaches ¥ nom1 * run_00001 » m_1 v|"',-|| Searchm_1
Drganize = New folder =~ [
~
Ml Desktop 2 Mame Date modified Type Size
B Creative Cloud Fil
; : beam.fem 10/19/2016 1:22 P FEM File 436
& OneDrive - Altair
beam.h3d 10/19/2016 1122 P H3D File 241 K
R . 2| beam.htmi 10/19/2016 1:22 PM  HTML Document b
— Libraries 7
o v beam.mvw 10/19/2016 1:22 PM  Altair HyperWorks... 2
L Documents = -
e |UI beam.out 10/19/2016 1:22 PM  OUT File 8
- Music e T
: beam.res 10/19/2016 1:22 PM  RES File 921
= Pictures e
bea 10/19/2016 1:22 PM - S

Filz 7
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under Type select “Mass” file and click OK to load the file and close the dialog box.

.

d Vector Source - (Vector 1 (v_1) ) - H... l : | =] Lih]

File: om_1/run__00001/m_1/beam.out D E

Subcase:
Type: Volume. > | Filter
Request: Volume Filter
Component: |mass Filter
Frequency
Eigenvalue
Gen...ess
Gen...ass
Index [ oK H Cancel

Click on “Insert Varname” (image_ beam_shape_36) to add the Vector 1: v_1[0]

HyperStudy will read the solver output file (*.out) and assign labels to the values in the file.

Since the mass is a scalar quantity, the only component of the vector is index zero, and so a scalar mass value is properly written
in the Expression Builder as v_1[0]. The mass value can be accessed directly out of the beam.out file and does not require any
mathematical operations before being used as a response for our study.

Note: Multi-dimension vectors may be accessed through each individual dimension by using the corresponding index in the vector
array

The Expression Builder is capable of performing a full complement of mathematical functions on an arbitrary number of vector
solutions in order to build a response. For more information on the functions in the Expression Builder, access the HyperWorks help
documentation for HyperStudy under Functions and Operators.

Click the “Evaluate Expression”

g Expression Builder - ( Mass (r_1) ) -

ﬂ?ﬁ Evaluate Expression

max (v_1)

to display the value of the mass value extracted from the nominal run. This should evaluate to 2.16091.

Click OK to close the Expression Builder (definition of mass as a response is completed) window and return to the Define
responses step.

Repeat the previous steps to add two more responses (Displacements, Frequency) to the study according to the values below:
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Vector

Evaluated
Response Resource Request | Component :
Name File expression
. Vector Subcase 1 Displacement
Displacement 9 beam.h3d (Static) (Grids) N19021 MAG 0.002073
Frequency Ve;:tor beam.out (N/A) Frequency Mode 1 Value 368.83

Are you able to complete the next two steps by yourself already?

e “Add Response” named: Displacement

e Define Response of Type Displacement of Node 19021

f HyperMesh: Study_1 - HyperStudy v14.0 (120.28.945924) !

File Edit View Tools Applications Help

g i IE B . E
b B % [
E:‘E Explorer ?g Directory | f}c Define Responses
4 4 Study_1 Add Response  [£) Remove Response I___j File Assistant
B
Cﬁ aeulp Active Label Varname
.
¥ Define models 1 Response 1 rl max(v_1)
Define design variables
Specifications o HyperStudy - Add - HyperStudy v... n
Evaluate
Define responses Label: Response
Post processing Varmame: r_2
Report ook l Cancel ] [ Apply

T

Message Log D‘

In order to define the respective vector, click on “Expression ...” which opens the “Expression Builder”. Activate “Add File Source”
to specify the file from which the results (displacement of node 19021) are to be extracted.
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Location of node 21079

f HyperMesh: Study_1 - HyperStudy v14.0 (120.28.945924) =

B M|
<5 Explorer | {= Directory % Define Responses

4 4 Study_1 Add Response  [£) Remove Response | | File Assistant
4 LR Setup

=2} Deffne models ] 1@ Response 1 r1 max(v_1)
Define design variables 3 [ Response 2 r2

Active Label Varname Expression Value Comment

]

I

i3]

&

Specifications

<

Evaluate

N g Expression Builder - ( Response 2 (r_2) ) - HyperStudy v14.0-120 (120.28.945924)
Define responses

] ®

[

" aBc
| Post processing (-..) Evaluate Expression

3]

/| Report

F= Functions | J+ Design Variables | Responses File Sources ASCII Extracts

il
=

Add File Source  [E] Remove File Source @ Insert Varname ¥

| Label | Varname | Source | File | Subcase | Type | Request | Component |
1| Vector 1 vl @ Solver output file D:/home/goelke/... - Mass - Mass - Value

<

/ Study_1 / Setup ( Nominal Run, 1 Steps ) / Defiffy

In case you are not familiar with OptiStruct, the information about displacements are contained in the beam.h3d file.
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o HyperStudy - Add - HyperStudy v... ﬂ

Label:
Varname: v_2
Select Type
|
1 Solver output file

Reference file

Cancel

/|

[ oK

J|

Apply ]

?g Directory ‘
4 f sudy1

4 [ sewp
Define models
Define design variables

&
<5 Bxplorer

Specifications
Evaluate

Define responses
Post processing
Report

% Define Responses

rﬁ | II]

/ Study_1 / Setup ( Nominal Run , 1 Steps ) / Define responses

Add Response  [£) Remove Response L File Assistant
4 Expression Builder - ( Response 2 (r_2) ) - HyperStudy v14.0-120 (120.28.945924) - = Z_Z =)
f:_c) Evaluate Expression el (] =
r n
o Vector Source - ( Vector 2 (v_2) ) - HyperStudy v14.0-120 (120.28.945924) =aiy g
File: ndesign/Beam_Exercise/s_1/approaches/nom_1/run__00001/m_1/beam.h3d -
F= Functions |, F+ Design Varisbles | Responses File Sources Ascmef| subcase: [subcase 1 (static) =] Fiter
Add File Source [0) Remove File Source € Insert Varname v Wi [D\sp\acement (Gl v] Elitec
Request:  [N19021 ~| nigozt
Label Varname Source File
g Component: [MAG '] Filter
1 Vector 1 vl ' Solver output file D:/home/goelke/... -
2 Vector2 v.2 0 Solver output file D Preview
00052 Displ (Grids) - N19021 - MAG
0.00205 T = =
0.00195
0.00185
08 0925 0.95 0.975 1 1.025 106 1.076 11

AN

After confirming this operation by clicking OK, don’t forget to activate “Insert Varname”. Only then the newly created vector will be
shown/listed in the panel below “Evaluate Expression”.

To see whether Vector 2 was correctly defined, click on “Evaluate Expression” (if you wonder whether the displacement value
displayed is correct at all — you can postprocess the results of the nominal run like any other simulation run in HyperView first).
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o Expression Builder - ( Response 2 (r_2) ) - HyperStudy v14.0-120 (120.28.945024) _=—

! &Eg Evaluate Expression |

0.002073193434625864

F= Functions "+ Design Variables 4. Responses 5= File Sources ASCII Extracts
L g p >

E3 Add File Source 2 Remove File Source &3 Insert Varname v

Labe Varname Source File Subcase Type Request Companent
1 Vector1 vl & Solver output file | D:/home/goelkey... - Mass e Mass e [Value
2 Vector 2 2 & Solver output file [UEIRTNEl LR Subcase 1 (Static) ... Displacement (Grids) ... N19021 - |MAG

oK ] [ Cancel

And finally, we define the response (vector) regarding the frequency — first eigenmode.
All you need to know (OptiStruct specific) is that the respective information about the eigenmode is contained in the beam.out file.
Hence, knowing this, the process to create the response of type eigenfrequency is just like before:

e Add new Response

e Activate “Expression ...”

e Add File Source— Type: Solver output file

e Inthe Vector Source panel, specify “File ...” to be beam.out, Type: Frequency, Request Mode 1

A Vector Source - ( Vector 4 (v.4) ) - HyperStudy v14.0-120 (120.28.945924) @@ﬂ

File: Indesign/Beam_Exercise/s_1/approaches/nom_1/run__00001/m_1/beam.out D E]
Subcase: 3
Type: [Frequency V] Filter
Request: [Model V] Filter
Component: [‘Ualue '] Filter
Preview

— Frequency - Mode 1 - Value

D :
0.9 0.925 0.95 0.975 1 1.025 1.0 1.074 1.1

| [ oK ] [ Cancel
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Then activate: “Insert Varname” to show the vector in the Expression Builder Evaluate Expression (should then prompt the value
368.8311)

o Expression Builder - ( Response 3 (r_3) ) - HyperStudy v14.0-120 (120.28.945924) =X
(.- Evaluate Expression ) cu =
max (v_3)

F= Fundtions EE'— Design Variables | & Responses File Sources ASCII Extracts

Add File Source () Remove File Source Insert Varname | ¥

Label Varname Source | Insert File Source Ctrl+1 L:ase Type Request Component
1 Vectorl 1 Bl Solver output file D:/homefgoelkey... - Mass - Mass - Value

2 Vector 2 El Solver output file D:/home/goelkey... «« Subcase 1 (Static) ... Displacement (Grids) ... N19021 - MAG

3 Vector 3 v 3 Bl Solver output file D:/home/goelke;... _ Frequency - Mode 1 - Value

oK ] [ Cancel

8.4 The Role of the Solver Script

A HyperStudy model is a construct that maps a set of independent variables to a set of dependent responses. The model consists
of three separate steps: writing, executing, and extracting. The writing of the model files is the process of getting the independent
variable out of HyperStudy and into another format. Most of the time this corresponds to the writing of a file in some format. The
opposite is true in the extraction step: data exists in some output files and must be absorbed into HyperStudy. The solver script is
responsible for bridging the gap in moving the process along from the input file to the output files. So the question to ask is: “Given
an input file, how do | generate the output files?”.

Knowing how to generate the output files will provide the directions on how to construct the solver script. Imagine being given the
input file and asked to get the results file. If the process is as simple as submitting the file as direct input to some program’s
executable, then the solver script could be as simple as a single line. The solver script should not finish and return control back to
HyperStudy until both the process is completed and the output files are generated. If there are many steps involved, such as
uploading the file to a server, submitting the file to a queue, waiting for it to finish, and then downloading the file, then the solver
script must perform all these actions, too.

A solver script must be able to do everything you would do manually to create the outputs given the input file, but non-interactively.

Our colleague Joseph Pajot summarized some of these aspects in the following video:
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Altair HyperStudy

The Role of the Solver Script

https://altair-2.wistia.com/medias/0036d3cbek

In HyperStudy, each model is associated with a solver execution script. The role of the solver script is to provide the name and
location of the file that HyperStudy uses to execute the model. There is no unique method to the construction of these files. The
scripts can be constructed in any language, and its contents can be as simple as a single line or a detailed set of commands. This
generality is intentional so that HyperStudy remains flexible enough to be wrapped around any non-interactive process.

For more information on how to register solver script files in HyperStudy, refer to Register Solver Scripts (see Online Help
Documentation HyperStudy — More on Files)

!3 Register Solver Script @
) add Solver Script Remove Solver Script b Save
Label Varname Path Argvl
1 RADIOSS radioss C:/Program Files/Altair/12.0.0.54/hwsolvers/scripts/radioss.bat = =
2 OptiStruct os C:/Program Files/Altair/12.0.0.54/hwsolvers/scripts/optistruct.bat = =
3 Templex templex C:/Program Files/Altair/12.0.0.54/hve/bin/winbd /templex.exe = =
4 Hyperitrude b C:/Program Files/Altair/12.0.0.54/hwsolvers/scripts/hx. bat = =
5 MotionSclve - standalone  ms C:/Program Files/Altair/12.0.0.54/hwsolvers/scripts/motionsolve bat = =
6 Python py C/Prograrm Files/Altair/12.0.0.54/hw/python/ python27 fwinéd/python.exe [3 =
7 TCL tel C:/Program Files/Altair/12.0.0.54/hw/tcl/tcld 5.9/ winbd/bintclsh85,.exe =3 =
8 HyperMath hrnath C:/Program Files/Altair/12.0.0.54/hwx/hypermath bat = =

For each run, HyperStudy creates a separate run folder. In the case of multiple models, a separate model folder is also created.
These folders are called Study Run folders.

For each run, HyperStudy writes the solver input file to the Study Run folder.
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If any other files need to reside in the Study Run folder, they will need to be copied. For example, RADIOSS needs a starter file and
an engine file to reside in the Study Run folder. A file can be copied from the study directory by adding its name to the solver input
file. Separate names in the solver input file with a semi-colon

In order for HyperStudy to execute properly, verify that the solver returns control back to HyperStudy only after the execution is
finished. Otherwise, HyperStudy will attempt to extract results before all files are finished writing and the study will fail. In order to
avoid, this, if possible, the solver should be run in interactive mode. Otherwise, you will need to include a wait command in your
batch file.

For Abaqus, this is <PATH>/abaqus.exe job=jobname.inp interactive

In a study that uses more than one model, the models are executed in a sequence determined by HyperStudy. To control the
sequence of runs, specify the priority option for the model. The results are extracted after the solvers have finished, or earlier
depending on any model dependencies.

A failure during the script execution can be noted by creating a file titled task__exe_err.txt. If this file is present in the run directory,
HyperStudy will detect the execution as a failure. A similar error file can be created for other task failures: write (task__ wri_err.txt),
extraction (task__ext_err.txt) and purge (task__pur_err.txt).

8.5 Related Material Found on the Web

We found the below listed references quite interesting and helpful. Please note that there is no business relationship (association)
between the authors and Altair — the list below is included for your convenience only and is by far not complete.

If you find other material more helpful, please let us know - we would be happy to include your favorite references in here as well.
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The Box-Behnken design 1s an independent quadratic design in
that it does not contain an embedded factorial or fractional
factorial design. In this design the treatment combinations are
at the midpoints of edges of the process space and at the center.
These designs are rotatable (or near rotatable) and require 3
levels of each factor. The designs have limited capability for
orthogonal blocking compared to the central composite
designs.

Figure 3.22 1llustrates a Box-Behnken design for three factors.

FIGURE 3.22 A Box-Behnken Design for Three Factors

http://itl.nist.gov/div898/handbook/pri/section3/pri3362.htm
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Welcome to STAT 503!
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~ Lesson 1: Introduction to Design of Experiments

o 1.1- A Quick History of the Design of
Experiments (DOE)
© L2 - The Basic Principles of DOE
o 1.3 - Steps for Planning, Conducting and
Analyzing an Experiment

Lesson 2: Simple Comparative Experiments
Lesson 3: Experiments with a Single Factor - the
Oneway ANOVA - in the Completely
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Home » Lesson 1: Introduction to Design of Experiments
1.2 - The Basic Principles of DOE

& Printer-friendly version
The first three here are perhaps the most important...
Randomization - this is an essential component of any experiment that is gaing to have validity. If you are doing a comparative experiment where you have two treatments, a

of those t by some random process. An experiment includes
experimental units. You need to have a deliberate process ta eliminate potential biases from the canclusions, and random assignment is a critical step

treatment and a cantrol for instance, you need o inchude in your ntal process the

Replication - is some in scnsc the heart of all of statistics. To make this point... Remember what the standard crror of the mean is? It is the square root of the cstimate of the
variance of the sample mean, i.c., ';’ - The width of the confidence interval is determined by this statistic. Our estimates of the mean become less variable as the sample size

increascs.

Replication is the basic issue behind every methad we will use in order to get a handle on how precise our estimates are at the end. We always want to estimate or control the
uncertainty m our results. We achieve this estimate through replication. Another way we can achieve short confidence intervals is by reducing the error vanance itself. However,
when that isn't possible, we can reduce the error in our estimate of the mean by increasing 1.

Another way 1s to reduce the sizc or the length of the confidence interval 1s to reduce the error variance - which brings us to blocking.

Blocking - is a technique to include other factors in our experiment which contribute to undesirable variation. Much of the focus in this class will be to creatively usc various
blocking techniques to control sources of vanation that will reduce error variance. For example, in human studies, the gender of the subjects 1s often important factor. Age1s
another factor affecting the response. Age and gender arc often considered nuisance factors which contribute to variability and make it difficult to asscss systematic cffects of a
treatment. By using these as blocking factors, you can avoid biases that might occur due to differences between the allocation of subjeets to the treatments, and as a way of
accounting for some noise in the experiment. We want the unknown error variance at the end of the experiment to be as small as possible. Our goal is usually to find out
something about a treatment factor (or a factor of primary interest), but in addition to this we want to include any blocking factors that will explain variation.

Multi-factor Designs - we will spend at least half of this course talking about multi-factor experimental designs: 2* designs, 3% designs, response surface designs, ete. The point to
all of these multi-factor designs is contrary to the scientific method where everything is held constant except one factor which is varied. The one factor at a time method is a very
inefficient way of making scientific advances. It is much better to design an experiment that simul ly includes of multiple factors that may affect the
outecome. Then you learn not only about the primary factors of interest but also about these other factors. These may be blocking factors which deal with nuisance parameters or
they may just help you understand the interactions or the relationships between the factors that influence the response.

Confounding - is something that is usually considered bad! Here is an example. Let's say we are doing a medical study with drugs A and B. We put 10 subjects on drug A and 10
on drug B. If we categorize our subjects by gender, how should we allocate our drugs to our subjects? Let's make it easy and say that there are 10 male and 10 female subjects. A

halanasd urarr af Aaina this stndr wanld ha ta nor fiva malac an demin A and firrs malse an Ama R fivs famalas an Amia & and fivs famalas an dma R Thic ie a narfantle halansad

https://onlinecourses.science.psu.edu/stat503/node/67

As you may can imagine, the list of videos about DOE found in the internet, especially on YouTube is endless.

Just search for: Design of Experiments, Intro to DOE, Intractions & Main Effects, Interpreting Main Effects, DOE Examples and so

on.

Please let us know your favorite DOE related videos - we are happy to include them in here.
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