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w A, Altair

e Overview
« BMW Group™ as development partner
o Altair HyperMath® — new tool coming with HyperWorks® 10
« BMW Group™ test bench support requirements
 Use cases
» Transfer function
e Qualitative benchmarks for test and reference data
» Set points generation for test beds

e Summary
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BMW Group ™ — Development Partner of Altair

N w A. Altair

Situation at the test bed support department

« Demand for an additional product to reduce the dependency from Matlab®
e Customized solutions currently in use with Matlab® are not flexible enough
* Need to handle the whole workflow inside of one framework

Why Altair?

» High usage of HyperWorks products

e Strong postprocessing features of HyperWorks®

» Postprocessing already done with HyperGraph®

» Realization of successful customizing projects, both with test bed support
and other departments
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HyperMath - Introduction
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e Definition

* HyperMath is Altair™ solution for general purpose numerical computing
within its new framework

 Motivation

* Provide a rich environment for numerical scripting, visualization & work
management

* Reduce dependency on external tools for custom solutions

* Make it easier to build stand alone applications based on Altair™
horizontal assets

» Keep learning curve to a minimum

Altair Proprietary and Confidential Information Copyright © 2008 Altair Engineering, Inc. All rights reserved.



HyperMath ® - Feature Overview

 Math Engine

* A simple & intuitive scripting
language

e Supports Matrix & Complex
Number Data

» Access to math & utility libraries

 Integrated Development
Environment

« Editor
* Integrated Debugger
e Built-in File System Browsing
* Project & Library Browser
« 2D XY & Bar Plotting
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e Math Libraries

Linear Algebra

Statistics

Ordinary Differential Equations
Signal Processing
Optimization

Elementary Math

* Data Import Capabilities

CAE Data Readers
Matlab Binary

e HW Interface

Executes HyperMath in batch
mode
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Test Bed Support Technical Requirements
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Advanced debugging
« Cumbersome generation of math functions in HyperGraph®

* Debugging features should be equivalent to Matlab®
e Math libraries similar to Matlabe
e *.mat reader and writer
e *.m syntax support in the future
 Interface to HyperGraphe
» Better performance at math operations on curves with many points
* Flexible export to MS Officee (PowerPointe, Worde)

* Need for quality comparison between different measurements

... and many more ...
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Use Case ,Transfer Function®
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Transfer Function —Tasks
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Replace Existing HyperGraph ©® Math Function (Templex)
 Divide input- und response curves according frequency step curve
 Ignore corrupt values at the beginning of the frequency step curve

* For all intervals:
* Ignore amplitudes of the transient effect
 Resample curve intervals to 2*N points
e Calculate FFT Phase / FFT Magnitude

e Linear interpolation on FFT Phase / FFT Magnitude curve with associated step
curve frequency

» Correct phase jumps greater than a given boundary value

« Calculate transfer function Input / Response

* Return Values:
* Phase / Magnitude amplification

e Correlation
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Transfer Function — HyperMath GUI Debug Mode

Various ways to
step through code
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Paused
at break
point

Command
window

Content
query by
mouse

hover

Break Points,
Code execution
path tracer

Variable
content
watch
window
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Transfer Function — HyperGraph & HyperMath

HyperMath Interface to HyperGraph
« Math functions loaded via link to hml (HyperMath Language) file

» User-dependent or central installation
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Use Case ,,Compare Measurements”
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Compare Measurements — Tasks

Compare Actual and Reference measurements

Read both measurements from *.mat files in HyperMath
Create envelope curves by BMW Group™ specific math functions
Evaluate statistical values out of the original measurement curves

Export both envelopes and statistical values in required format
(*.mat, *.abf, *.xydata, ...)

Create HyperGraph Report with all plots based on the HyperMath
export

Calculate quality index between actual and reference measurement

Export to PowerPoint
» Position the screenshot and insert page title into the PowerPoint title

 Create a PPT table with all statistical and calculated values
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Compare Measurements — Statistical Values

 Run Matlab® analog HyperMath® scripts

« Export of statistical values in an additional
curve

 PowerPoint® table will be created based on
default settings in a configuration file

« Easy to use interface to export individual
formatted PowertPoint® tables
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Compare Measurements — Reporting

« Based on HyperGraph existing report technology
« User can choose the interface file format (XY Data, mat, abf, ...)

» Direct interface without using a result file is in future plan
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Compare Measurement — Export to MS Office ©

* GUI or batch mode supported
 Visual positioning of screenshots and PowerPoint table

« Customized export of statistical values and quality index
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Use Case ,Set Point Generation for Test Beds"”
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Set Point Generation for Test Beds - Tasks

* Generate set point curves inside of HyperMath® analog to the currently
used Matlab® scripts

o Export multiple input parameter files in *.mat format out of HyperMath®
according the force amplitude range inside of the script header

« Export all specific information required to control the test bed in these
*.mat files

e Create HyperGraph® session and PowerPoint® presentation with one
page per *.mat file for easy control

v_kfz=0/3.6;

U bordnetz=11.5;
fZS_A=[1000:1000:13000]; —
alphalLR_v=[100:50:1000];
alphalLR_Start=-500;
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Set Point Generation — New HyperMath ® Features

New HyperMath ® features already implemented for this process
» Test bed specific math functions

e \Writer for Matlab® *.mat format
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Set Point Generation — HyperGraph ©® and PPT Export

* For a quick overview a PowerPoint® presentation with one page per
*.mat is created

* Detailed control of all created curves via HyperGraph® session file
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Summary

First Feedback
« HyperMath® Beta version was well received at BMW Group™
o Key Features: Debugging, Interfaces to Matlab® and HyperGraph®

« Testing in the productive environment will start with the first stable beta
release

Lessons Learned

It could not be early enough to include the customer and needs in the
development process

« High quality interfaces are crucial to make HyperMath® successful
Special Thanks

e ... goes to Mohammad Kamal and the whole HyperMath Development
Team! Only because of their tremendous efforts we were able to react
so fast to the customer needs!
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... for your attention!
More questions?

Please contact me:
eberhard@altair.de
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