
Altair Process Manager 
Lean Methodology

Copyright © Tenneco Inc. This  document  and the information embodied herein is the property of Tenneco Inc. and is disclosed in confidence for informational purposes only. 
It may not be copied, disclosed  or used for any  purpose without the prior written consent of Tenneco Inc..

FEM Process Automation and Optimization Using ‘Lean ’ Methods

Philipp Salomon, FEA Analyst, Tenneco Inc. European Emission Control R&D Center Edenkoben, Germany
Markus Gfrörer, Account Manager, Altair Engineering  GmbH Niederlassung Böblingen

Abstract
This presentation is to show the reorganization of FEA processes inside the FEA department of the European Tenneco 
emission control R&D center. Guidance to this reengineering has mostly been given by lean methodology. This Toyota  
invented approach gains productivity by identification and avoidance of  non- value adding steps. Beyond process wait 
states, lean methodology also focuses on variance as well as on rework efforts. The introduction of “lean” at Tenneco has 
been accompanied by the University of Michigan. Altair engineering was involved in the automation of FEA specific 
processes by using the “Hyper Works Process Manager”.
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Purpose

accelerate work
make reports „right first time“

force a common understanding of analysis purpose fo r all participants
establish clean and stable link between external su pplier and FEA department
free resources for advanced work
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What is „Lean“

some very common misunderstandings of „LEAN“:

appling LEAN means to sack lots of people

they‘ll take away your last pencil

reducing the staff to 50% by increasing the load to  150 % is „LEAN“
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Focus of LEAN methodology
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Value added parts of the process are the traditiona l focus of cost saving activities

LEAN focuses on NON value adding items
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Unsynchronized concurrent tasks
seems like the right thing to do, but is often the 
root cause of a great deal of waste

Stop and go tasks

Re- set up each time after process disturbance

redundant tasks
multiple inspection points

large batch sizes

cycle times increase with batch size, time 
waiting for huge data dumps

System over utilization
a system, loaded more than 80% of ist capacity 
reacts with dramatic effects on small changes

High process and arrival variation
variations in processes and arrival are two of 
the three primary contributors to long queues

Lack of system discipline
lack of scheduling discipline causes arrival 
variation, which drives excessive queue times

Reinvention waste

re-creating or rediscovering knowledge

Transaction waste
time and effort in arranging the work to be done 
(administration overhead)

Waiting

waiting for data, answers, decisions, review 
events and available capacity

External quality enforcement
effort and expense expended to collect data 
that is never used

Hand offs
transferring data from one party to another

Identification of product development waste categor ies



Altair Process Manager 
Lean Methodology

Copyright © Tenneco Inc. This  document  and the information embodied herein is the property of Tenneco Inc. and is disclosed in confidence for informational purposes only. 
It may not be copied, disclosed  or used for any  purpose without the prior written consent of Tenneco Inc..

Lean – the three aspects 
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Application of value stream mapping
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Current state analysis and identification of proces s waste
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Altair Process Manager guided application

� open architecture, TCL interface, plugin
of 3rd party products is possible

� collects „tacit knowledge“ to well 
defined processes

� arbitrary level of user guidance can 
be designed into the processes

� interactive changes possible during 
workflow operations
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Correlation process (core part)

Measurement 
HVA

FEA HVA Compare running modes spectra

HZ 1

H Z 2

13.56 1.00 0.05 0.00 0.21 0. 01 0.13 0.40 0.02 0.00 0.00 0.00 0. 00 0.13 0.02 0.47 0.05 0.21 0.00 0.13 0.39 0.09 0.00 0.02 0.04 0.04 0.09

17.76 0.04 1.00 0.00 0.05 0. 00 0.06 0.12 0.02 0.00 0.02 0.00 0. 01 0.07 0.00 0.13 0.01 0.06 0.00 0.08 0.11 0.01 0.00 0.01 0.01 0.01 0.00

21.90 0.00 0.00 1.00 0.00 0. 24 0.31 0.18 0.17 0.01 0.02 0.00 0. 00 0.01 0.05 0.00 0.00 0.49 0.00 0.51 0.00 0.54 0.00 0.15 0.45 0.22 0.25

24.85 0.21 0.05 0.00 1.00 0. 01 0.06 0.03 0.01 0.02 0.06 0.00 0. 09 0.24 0.00 0.40 0.01 0.02 0.00 0.02 0.48 0.07 0.00 0.11 0.00 0.02 0.09

34.24 0.01 0.00 0.24 0.01 1. 00 0.13 0.04 0.02 0.09 0.04 0.01 0. 06 0.11 0.14 0.01 0.00 0.08 0.00 0.08 0.00 0.60 0.00 0.16 0.11 0.08 0.00

37.51 0.13 0.06 0.30 0.07 0. 14 1.00 0.01 0.28 0.02 0.02 0.01 0. 16 0.04 0.00 0.18 0.01 0.05 0.00 0.63 0.04 0.08 0.00 0.00 0.12 0.10 0.03

49.66 0.40 0.12 0.18 0.03 0. 04 0.01 1.00 0.07 0.01 0.02 0.02 0. 00 0.14 0.02 0.27 0.08 0.54 0.00 0.00 0.14 0.11 0.00 0.03 0.54 0.08 0.43

54.17 0.01 0.01 0.18 0.01 0. 02 0.27 0.08 1.00 0.00 0.05 0.01 0. 02 0.01 0.09 0.00 0.00 0.08 0.00 0.18 0.02 0.01 0.00 0.18 0.24 0.02 0.20
82.04 0.00 0.00 0.00 0.02 0. 01 0.00 0.00 0.01 0.03 0.20 0.82 0. 05 0.02 0.01 0.06 0.47 0.02 0.00 0.00 0.00 0.01 0.00 0.00 0.06 0.10 0.05
87.07 0.00 0.00 0.01 0.01 0. 07 0.02 0.00 0.01 0.95 0.23 0.00 0. 01 0.01 0.00 0.00 0.02 0.02 0.05 0.02 0.01 0.01 0.06 0.00 0.05 0.04 0.00
91.17 0.00 0.02 0.03 0.05 0. 08 0.05 0.04 0.03 0.05 0.67 0.21 0. 00 0.17 0.10 0.02 0.06 0.06 0.02 0.05 0.04 0.10 0.03 0.03 0.05 0.05 0.00

100.80 0.00 0.00 0.00 0.00 0. 01 0.01 0.01 0.01 0.02 0.02 0.80 0. 01 0.01 0.01 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.03 0.01
110.20 0.00 0.01 0.00 0.10 0. 07 0.16 0.00 0.03 0.00 0.01 0.00 0. 99 0.05 0.03 0.12 0.06 0.00 0.00 0.07 0.06 0.00 0.00 0.00 0.00 0.00 0.00
129.30 0.13 0.07 0.01 0.24 0. 11 0.04 0.14 0.01 0.03 0.14 0.01 0. 05 1.00 0.44 0.60 0.08 0.27 0.00 0.05 0.39 0.12 0.00 0.00 0.20 0.34 0.02
134.30 0.02 0.00 0.05 0.00 0. 14 0.00 0.02 0.09 0.00 0.08 0.01 0. 03 0.45 1.00 0.02 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.03 0.16

149.20 0.49 0.14 0.01 0.39 0. 01 0.17 0.31 0.00 0.01 0.04 0.00 0. 14 0.63 0.02 0.96 0.09 0.34 0.00 0.24 0.79 0.13 0.00 0.01 0.12 0.31 0.01
169.50 0.00 0.00 0.01 0.00 0. 00 0.00 0.01 0.01 0.02 0.02 0.00 0. 00 0.01 0.00 0.00 0.04 0.02 0.95 0.00 0.00 0.01 0.53 0.00 0.01 0.01 0.01
173.50 0.20 0.06 0.49 0.01 0. 08 0.06 0.55 0.07 0.03 0.05 0.00 0. 00 0.27 0.00 0.32 0.04 1.00 0.00 0.06 0.22 0.35 0.00 0.02 0.71 0.62 0.26

174.70 0.13 0.04 0.26 0.01 0. 05 0.02 0.30 0.01 0.15 0.00 0.00 0. 01 0.14 0.01 0.20 0.03 0.54 0.21 0.02 0.14 0.19 0.41 0.00 0.44 0.46 0.07
191.20 0.13 0.08 0.50 0.02 0. 09 0.63 0.00 0.19 0.02 0.02 0.01 0. 07 0.05 0.01 0.24 0.01 0.06 0.00 1.00 0.16 0.09 0.00 0.05 0.15 0.01 0.02
216.40 0.40 0.12 0.00 0.48 0. 00 0.04 0.14 0.01 0.02 0.03 0.00 0. 06 0.39 0.00 0.76 0.07 0.22 0.00 0.16 1.00 0.05 0.00 0.01 0.04 0.30 0.00
220.70 0.09 0.01 0.55 0.07 0. 60 0.08 0.11 0.01 0.02 0.08 0.00 0. 00 0.12 0.00 0.12 0.02 0.35 0.00 0.09 0.05 1.00 0.00 0.51 0.15 0.30 0.04

252.10 0.02 0.01 0.14 0.11 0. 15 0.00 0.03 0.18 0.00 0.02 0.01 0. 00 0.00 0.01 0.01 0.00 0.01 0.00 0.04 0.01 0.50 0.01 0.99 0.06 0.02 0.08
266.20 0.04 0.01 0.43 0.00 0. 12 0.13 0.44 0.17 0.10 0.05 0.00 0. 00 0.23 0.02 0.10 0.11 0.68 0.05 0.15 0.07 0.19 0.04 0.02 0.85 0.46 0.20
271.30 0.00 0.00 0.01 0.02 0. 01 0.02 0.03 0.02 0.03 0.00 0.03 0. 03 0.11 0.01 0.06 0.25 0.07 0.13 0.00 0.17 0.10 0.13 0.12 0.00 0.34 0.06

280.90 0.04 0.01 0.11 0.00 0. 02 0.02 0.14 0.04 0.01 0.06 0.13 0. 02 0.08 0.00 0.17 0.26 0.30 0.17 0.00 0.05 0.08 0.08 0.01 0.28 0.27 0.08
306.90 0.05 0.00 0.16 0.06 0. 00 0.02 0.29 0.13 0.04 0.01 0.06 0. 00 0.02 0.10 0.00 0.19 0.15 0.05 0.02 0.00 0.02 0.27 0.03 0.15 0.00 0.80
310.50 0.01 0.01 0.12 0.05 0. 00 0.04 0.13 0.13 0.00 0.05 0.01 0. 00 0.05 0.12 0.01 0.00 0.06 0.41 0.03 0.01 0.01 0.39 0.07 0.15 0.01 0.39
323.30 0.32 0.37 0.01 0.00 0. 00 0.15 0.40 0.10 0.02 0.02 0.02 0. 01 0.07 0.01 0.18 0.10 0.25 0.03 0.11 0.07 0.03 0.00 0.01 0.06 0.03 0.10

252.20 267.30 273.50 306. 70191.20 216.40 220.70 246. 10149.10 149.80 173.60 183.9096.78 110.40 129.30 134.2049.84 54.22 87.22 90.3221. 91 25.16 34.24 37.5913.60 17.79
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Correlation process

Deformations

Response spectra 
comparison

HZ  1

HZ  2

13.56 1.00 0.05 0.00 0.21 0.01 0.13 0.40 0.02 0.00 0.00 0.00 0.00 0.13 0.02 0.47 0.05 0.21 0.00 0.13 0.39 0.09 0.00 0.02 0.04 0.04 0.09
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54.17 0.01 0.01 0.18 0.01 0.02 0.27 0.08 1.00 0.00 0.05 0.01 0.02 0.01 0.09 0.00 0.00 0.08 0.00 0.18 0.02 0.01 0.00 0.18 0.24 0.02 0.20
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174.70 0.13 0.04 0.26 0.01 0.05 0.02 0.30 0.01 0.15 0.00 0.00 0.01 0.14 0.01 0.20 0.03 0.54 0.21 0.02 0.14 0.19 0.41 0.00 0.44 0.46 0.07

191.20 0.13 0.08 0.50 0.02 0.09 0.63 0.00 0.19 0.02 0.02 0.01 0.07 0.05 0.01 0.24 0.01 0.06 0.00 1.00 0.16 0.09 0.00 0.05 0.15 0.01 0.02
216.40 0.40 0.12 0.00 0.48 0.00 0.04 0.14 0.01 0.02 0.03 0.00 0.06 0.39 0.00 0.76 0.07 0.22 0.00 0.16 1.00 0.05 0.00 0.01 0.04 0.30 0.00

220.70 0.09 0.01 0.55 0.07 0.60 0.08 0.11 0.01 0.02 0.08 0.00 0.00 0.12 0.00 0.12 0.02 0.35 0.00 0.09 0.05 1.00 0.00 0.51 0.15 0.30 0.04
252.10 0.02 0.01 0.14 0.11 0.15 0.00 0.03 0.18 0.00 0.02 0.01 0.00 0.00 0.01 0.01 0.00 0.01 0.00 0.04 0.01 0.50 0.01 0.99 0.06 0.02 0.08

266.20 0.04 0.01 0.43 0.00 0.12 0.13 0.44 0.17 0.10 0.05 0.00 0.00 0.23 0.02 0.10 0.11 0.68 0.05 0.15 0.07 0.19 0.04 0.02 0.85 0.46 0.20
271.30 0.00 0.00 0.01 0.02 0.01 0.02 0.03 0.02 0.03 0.00 0.03 0.03 0.11 0.01 0.06 0.25 0.07 0.13 0.00 0.17 0.10 0.13 0.12 0.00 0.34 0.06

280.90 0.04 0.01 0.11 0.00 0.02 0.02 0.14 0.04 0.01 0.06 0.13 0.02 0.08 0.00 0.17 0.26 0.30 0.17 0.00 0.05 0.08 0.08 0.01 0.28 0.27 0.08
306.90 0.05 0.00 0.16 0.06 0.00 0.02 0.29 0.13 0.04 0.01 0.06 0.00 0.02 0.10 0.00 0.19 0.15 0.05 0.02 0.00 0.02 0.27 0.03 0.15 0.00 0.80
310.50 0.01 0.01 0.12 0.05 0.00 0.04 0.13 0.13 0.00 0.05 0.01 0.00 0.05 0.12 0.01 0.00 0.06 0.41 0.03 0.01 0.01 0.39 0.07 0.15 0.01 0.39

323.30 0.32 0.37 0.01 0.00 0.00 0.15 0.40 0.10 0.02 0.02 0.02 0.01 0.07 0.01 0.18 0.10 0.25 0.03 0.11 0.07 0.03 0.00 0.01 0.06 0.03 0.10

252.20 267.30 273.50 306.70191.20 216.40 220.70 246.10149.10 149.80 173.60 183.9096.78 110.40 129.30 134.2049.84 54.22 87.22 90.3221.91 25.16 34.24 37.5913.60 17.79
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skilled people

two main impacts of the Process Manager driven resu lt evaluation:

� new staff members can be trained in less than one day
� established staff members can invest their time in detail evaluations, new methodologies to 

return new skills.
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Target metrics

Metric: Report types
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portion of repetitive process parts

outsource

keep on - site

make task suitable for outsourcing

increase supplier’s 

capabilities



Altair Process Manager 
Lean Methodology

Copyright © Tenneco Inc. This  document  and the information embodied herein is the property of Tenneco Inc. and is disclosed in confidence for informational purposes only. 
It may not be copied, disclosed  or used for any  purpose without the prior written consent of Tenneco Inc..

Bibliography / references
� Garcia, Patrick  , Tenneco - Heinrich Gillet GmbH, Drogosz, John, Optiprise - University of Michigan: “Lean Engineering – Best Practice in 

the Automotive Industry”, Conference „Efficient Development processes and process orientated structures“, Axel Schröder & Partner, 2006

� Garcia, Patrick  , Tenneco - Heinrich Gillet GmbH, Drogosz, John, Optiprise - University of Michigan: “Schlanke F+E – Von der Strategie
bis zum Einzelprojekt” , 3. Lean Management Summit, Aachen, 2006

� Jeff Liker (Editor): “Becoming Lean”: Inside Stories of U.S. Manufacturers, Productivity Press, Portland, Oregon, 1998

� Morgan, J. M., Liker, J. K: “The Toyota Product Development System”, Productivity Press, Oregon, 2006

� Morgan, J. M., Liker, J. K: “Lean Product and Process Development”, 2006

� Pantleon, Thomas, Weyrich, Michael - DaimlerChrysler Research and Technology India: “Captive Offshore-Services from India”
presentation on DC CAE / EDM Forum 2007 Stuttgart

� Ohno, T., : ”The Toyota Production System: Beyond Large Scale Production”, Productivity Press, Oregon, 1988

� Womack, J. P., Jones, D. and Roos, D.: “The Machine That Changed The World”, Harper Perennial, 1988


