Ansys + Linde Engineering

“‘Ansys simulation made it possible to identify the central cost drivers in
relation to the return on investment (ROI) of a robotic welding system for
additive manufacturing. This opens the way for future research. In addition,
the evaluation of the economic analysis could be carried out in a time- and
cost- optimized way. A qualitatively equivalent manual evaluation without
the support of Ansys simulation would not have been possible. With Ansys
simulation, a static one-dimensional calculation model became a dynamic

multidimensional model.”

Korbinian Muhlhauser
Welding Engineer / Linde Engineering
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Introduction

Linde Engineering (Linde) has been developing and optimizing gas processing, separation, and liquefication technologies for 140 years.
With material costs rising over time, Linde is exploring alternative development and production methods to work more efficiently.

This has led to a recent economic analysis of an additive arc manufacturing process for aluminum components in plant and pressure
vessel construction. Linde implemented Ansys simulation into their economic analysis to optimize data analyses, automate parameter
identification, and visualize results. By integrating Ansys simulation, Linde was able to explore potential issues in a much more dynamic
and multidimensional way.

Challenges

While preparing the economic analysis in a spreadsheet,

the Linde team realized that a static calculation could only
include a very specific combination of parameters. The group
needed a program that would allow team members to vary
parameters automatically. By incorporating optiSLang into the
analysis project, Linde was able to achieve this. Additionally, the
software offered user-friendly interfaces and provided humerous
possibilities for evaluating data.

Technology Used

e Ansys optiSLang

Figure 1. A Linde welder produces fillet welds.

Engineering Solutions

First, Linde prepared a detailed economic analysis in a spreadsheet program, which contained 36 parameters of mostly variable inputs for
costs (e.g., electricity, material, and labor), times (e.g., tool setup and weld path planning), and technology (e.g., melting rate and shielding
gas flow). In addition, Linde wanted to observe the differences across one-, two-, and three-shift operational systems. With so many
combinations and variables to explore, manually changing parameters was not practical. For this reason, Linde integrated the spreadsheet
file into optiSLang to carry out a more in-depth sensitivity study and evaluate the results for both time and cost.

Figure 2. Linde applied Ansys optiSLang to conduct a thorough economic analysis of an additive arc
manufacturing process for aluminum components in plant and pressure vessel construction.

By illustrating their findings through advanced 3D visualizations, Linde was able to see correlations and discrepancies that are not apparent
in a spreadsheet analysis. With the Ansys-powered sensitivity study, Linde identified the most important factors influencing the return on
investment (ROI) of a potential robotic welding system for additive manufacturing.
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Figure 3. Linde integrated a spreadsheet program file into optiSLang to perform a sensitivity
analysis and illustrate results with 3D simulations to visualize correlations and discrepancies.

Benefits

e Ansys optiSLang enabled Linde to enhance economic analyses and achieve fast and cost-effective optimization through
metamodeling, graphically illustrating correlations that are not readily apparent in a spreadsheet report.

e The coefficient of prognosis (CoP) matrix model in optiSLang displayed the percentage influence of various input parameters in
relation to selected output parameters, enabling Linde to gain critical insights that included ROI, machine utilization, and savings
per year. This empowered Linde to explore future scenarios and analyses.

e Spreadsheet calculations took approximately five minutes each, depending on the shift system (one, two, or three shifts). Therefore,
a simulation with 300 iterations was easily achieved within 25 hours by integrating optiSLang. Linde notes that if the integrated
solver (the spreadsheet program) was more powerful, the overall completion time would have been less.

Figure 4. Metamodeling in optiSLang enabled Linde
analysts to gain economic insights for one-, two-, and
three-shift operational systems, including return on
investment (ROI), machine utilization, and savings per year. Figure 5. A Linde worker welds a stainless steel vessel.

Company Description

Linde is a leading global industrial gases and engineering company serving a variety of markets such as chemicals and energy, electronics,
healthcare, manufacturing, and mining. Linde’s gases and technologies are used in various applications, including the production of

clean hydrogen and carbon capture systems. In relation, Linde designs and manufactures components for a range of process plants from
ethylene, hydrogen, and synthesis gas to liquefied natural gas (LNG) and air separation. Additionally, Linde develops pressure vessels for
storing and transporting cryogenic gases and delivers gas processing solutions to support customer expansion, efficiency improvements,
and emissions reductions.
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ANSYS, Inc. When visionary companies need to know how their world-changing ideas will perform,

Southpointe they close the gap between design and reality with Ansys simulation. For more than 50
2600 Ansys Drive years, Ansys software has enabled innovators across industries to push boundaries by
Canonsburg, PA 15317 using the predictive power of simulation. From sustainable transportation to advanced
US.A. semiconductors, from satellite systems to life-saving medical devices, the next great
724-746-3304 leaps in human advancement will be powered by Ansys.

Ansys and any and all ANSYS, Inc. brand, product, service and feature names, logos and
slogans are registered trademarks or trademarks of ANSYS, Inc. or its subsidiaries in the
United States or other countries. All other brand, product, service and feature names or

trademarks are the property of their respective owners.

Visit for more information.
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