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Designing the next 
generation of aircraft

Taking a new approach to aircraft engineering

Executive summary
The aircraft industry will need to be transformed to avoid a dramatic increase in carbon 
dioxide (CO2) emissions due to expected passenger growth. Electrifying the propulsion 
system is among the most important priorities. However, the power density this requires 
will generate thermal concerns, electrical system integration challenges and intensify 
the interaction between various physics. To handle these complexities, aircraft 
integrators will need to upgrade their development processes, which are often too siloed 
from a static, document based engineering approach to a dynamic model based 
engineering approach. The portfolio of Simcenter™ solutions offers them a compre-
hensive set of scalable and collaborative tools for dynamic model-based performance 
engineering, from concept design to certification, all on one platform and traceable. 
This will enable consistent and accurate behavioral verification and validation 
throughout the design cycle.
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The impact of fossil fuels on the environment sets 

the agenda across all transportation industries, 

making electrification one of the major areas of 

focus. Designing electrified aircraft will require 

innovative technologies and new development 

processes. In this white paper we describe specific 

challenges and explain how a model based engi-

neering approach can help aircraft manufacturers 

and their suppliers deploy a comprehensive digital 

Aviation: a globalization cornerstone

It’s always tricky to predict what changes an era will 

be most remembered for. Over the last 50 years, it’s 

reasonable to state that globalization has been one 

of the most important trends. Today, most people, 

societies and companies worldwide are more and 

better connected than ever. This is because of 

advancements in many fields. For example, a vast 

number of countries enjoy increased stability, both 

internally and in their foreign relations, which has 

helped substantially improve education and public 

welfare. We’ve seen revolutionary innovations in 

communication technologies, many of them with 

roots in or affiliated with achievements in aviation 

and space industries.

But what undoubtedly has been one of the most 

important drivers of our globalized society is the 

increased ability of people around the world to meet 

in person. Air travel has allowed people (and goods) 

from anywhere around the globe to go to practically 

twin for performance engineering. This method-

ology facilitates behavioral verification and valida-

tion by using realistic simulation to more effectively 

tackle design complexities by removing silos 

between disciplines and applications, resulting in 

shorter development time and reduced risk. 

Together with the deployment of a digital thread, 

this leads to program execution excellence.

any continent. Just about 50 years ago, air travel 

was still only affordable for large international 

business corporations and for the happy few. Today, 

aircraft and airline industries fulfil the crucial role of 

connecting people and businesses.

Meanwhile, passenger travel volume continues 

growing steadily, whether it is for business travel or 

leisure. As spelled out in the Airbus Global Market 

Forecast1 and Boeing Commercial Market Outlook,2 

the number of passengers traveling by air can be 

expected to double between 2017 and 2032. This 

may slow down because of Covid-19, but it is likely 

over the course of more than a decade this severe 

situation will just be a temporary event. One of the 

reasons for flying more often and in greater 

numbers is because of large income increases in 

Asia.

Air travel has been a cornerstone for the globaliza-

tion that took place over the last five decades, and it 

will continue playing this role in the future.

Abstract

Aviation in today’s society
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Environmental concerns

At the same time there is also criticism. 

Globalization, and by extension the industrialization 

that is largely driven by fossil fuels, has put enor-

mous pressure on our planet. We’ve come to a point 

where there is scientific consensus that if no action 

is taken promptly, the damage will be irreparable. 

The problem of global warming has led to interna-

tional agreements on man-made CO2 emissions, 

which has resulted in legislation in which all trans-

portation industries are being targeted. Combined 

they are responsible for about 15 percent of the 

total greenhouse gas emissions worldwide.3 And 

even though aviation’s share in this is relatively 

small (around 2 percent of the total, or 12 percent of 

transportation),4 the industry suffers from a nega-

tive perception in that respect.

The aircraft industry realizes its ecological footprint 

and troubled image urgently need to be addressed 

with new technologies that make air travel cleaner 

and more sustainable. In figure 1, the International 

Air Transport Association (IATA) describes how the 

emission of CO2 produced by the sector could evolve 

between 2010 and 2050 if the predicted passenger 

volume growth is maintained. Without any targeted 

action, the CO2 emission would simply double. So 

obviously aircraft and aircraft propulsion companies 

continuously look for solutions. In addition to the 

continuous quest for reducing weight, improve-

ments should be pursued by further enhancing 

existing aircraft engines, or by optimizing opera-

tions and infrastructure. However no evolutionary 

updates to existing technology can help achieve any 

reductions. Radically new technologies will be 

required to reach the targeted reduction of 50 

percent by 2050. In addition to biofuels and 

hydrogen fuel types, alternative airframe configura-

tions and structural and material technologies such 

as morphing wing technology, electric and hybride-

lectric aircraft propulsion systems show potential.

Figure 1. Evolution of CO2 emissions considering evolving technologies.5
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Fuel consumption versus operational cost

Next to these environmental concerns, it’s 

important to mention the aviation industry has an 

additional incentive to improve energy efficiency 

and decrease its dependency on fossil fuels, espe-

cially for commercial aircraft. Figure 2 shows the 

total cost of ownership (TCO) of a typical Boeing 

model 737-800. Over 50 percent is directly related to 

fuel. For aircraft operators, this is a huge financial 

burden and even a risk because fossil fuel prices are 

volatile due to issues such as geopolitical disputes. 

Any improvement in this area will have a positive 

impact on the financial side of air travel operations. 

So, electrification provides an interesting path. IATA 

mentions that hybrid-electric technology could 

decrease the consumption of fossil fuels by 10-40 

percent by 2030 for smaller aircraft (15-to-20 seats) 

and even with 40-to-80 percent for midsize aircraft 

(50-to-100 seats) by 2045. And that’s only the 

intermediate step to full electrification.

Purchase Crew Maintenance,  
modific., 

insur., fees

TCOFuel

20%
15%

14% 100%

51%

Figure 2. Total cost of ownership of a typical single aisle 
commercial aircraft.6

Airport operations

In addition to fuel consumption and emissions, 

noise and local air quality are part of the overall 

environmental impact of aviation. For example, 

noise is the reason for lots of local regulations on 

operations during evenings and early mornings. 

When existing airports are extended, or new ones 

are planned, it is often one of the main hurdles. To 

achieve sustainable growth in harmony with people 

living in proximity to airports, the aviation industry 

must consider this aspect. When radically new 

technologies are due to be implemented, whether 

they are accompanied by required infrastructural 

changes, aircraft manufacturers and airport opera-

tors must collaborate to bring environmental noise 

below acceptable levels.

Also, electrification can present advantages. 

Electrical drives could reduce the rotational speed of 

propellers and fans, while maintaining propulsion 

power. Further, they could enable the application of 

distributed propulsion. This will allow engineers to 

experiment with the aircraft architecture and design 

fans that are shielded by the aircraft structure to 

avoid direct noise propagation toward the 

environment.

A safe flight

Finally, one cannot talk about aviation without a 

word about safety, still the number one design 

criterion in the industry. Even though flying is 

becoming increasingly safer, if the number of acci-

dents cannot be reduced to zero,7 it can be better. 

Even the smallest incident can lead to a perception 

problem that affects the entire sector, especially 

today, with news spreading around the world at the 

speed of light. In addition, people become more 

distrustful as the number of autonomous functions 

in aircraft increases. That is a bit contradictory, as 

generally the functioning of today’s automated 

systems is far more reliable than any human opera-

tion can achieve. But the abstraction of these 

systems seems to reduce our tolerance for error.

Still, automated systems are man-made and not 

immune to malfunction, and they can lead to a 

totally new dimension of complexity of the aircraft 

and its development process. In specific the deploy-

ment of electrification in aircraft will lead to an 

enormous number of new systems, which often 

combine diverse technologies. That will undoubt-

edly challenge the aircraft integration problem, 

especially when working with various stakeholders 

in a global organization.
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2050, we are currently in a period of evolutionary 

developments on the classic tube-and-wing with jet 

configurations, awaiting a new, more radical inno-

vation wave by 2035 (provided the economic frame-

work conditions are favorable). We are currently 

seeing the first steps in aircraft electrification along 

with introducing other innovative structural and 

material technologies. But to be fair, there is still a 

lot of work to do before we can speak of a real 

industry transformation.

Even though propulsion systems that use electrical 

motors are promising and will gradually find their 

way to the market, to date they have not been 

implemented on other than small general aviation 

aircraft. There is of course the challenge that today’s 

electrical motors are too heavy to be applied at large 

scale on an aircraft, and that electrical energy 

storage still has much lower power density than the 

traditional kerosene. In the next paragraphs, we 

highlight some more of the specific challenges.

Undeniably, many things are moving. A new market 

segment that is being formed is urban air mobility 

(UAM). Electrical propulsion units allow entrepre-

neurs to develop new aircraft concepts that will be 

able to fly over congested areas. This market 

segment is accelerated by the booming drone 

business. Very soon, these will mature and be 

capable of transporting people. Their market pres-

ence can help some supplier businesses to grow and 

speed up the readiness of necessary technologies.

Technological engineering challenges

Integration of high-power electrical systems

The integration of medium- to high-power electrical 

systems in aircraft is relatively new to the industry. 

Indeed, some examples today, such as the Boeing 

787, have already realized a certain degree of 

electrification. But these are merely applications 

such as electrical actuation systems replacing their 

classic hydraulic counterparts, or electrically driven 

pumps feeding the environmental control system 

(ECS) instead of the jet engine bleed air system. 

Still, such applications have gradually set the stan-

dard for on-board installed electrical power to 1 or 2 

megawatts (MWs) for a longrange widebody 

aircraft.

Now a major scale increase will be required for 

implementing electrical propulsion. Figure 3 shows 

the necessary power to lift different categories of 

aircraft. A relatively simple UAM, transporting four 

to six people using a vertical take-off and landing 

(VTOL) configuration needs as much power as a 

long-range widebody aircraft, whereas a short-

range passenger aircraft already requires 10-100 

times more. This has lots of implications. New 

technologies and solutions will have to dramatically 

increase voltage and current to levels that have 

never been implemented on aircraft. For example, 

that will require new electrical harnesses.

Electrifying future aircraft

Short range 
aircraft

150-250 < 50 MW

Regional 
aircraft

< 150 < 20 MW

Commuter 
and business 

aircraft
< 19 < 2 MW

Urban Air 
Mobility 
(VTOL)

1-4 < 1 MW

Small 
propeller 
airfcraft

1-4
50-300 

kW

CityAirbus

BAe146

ATR42

A320

Do228

Extra 330 LE

Figure 3. Required electrical power per aircraft type.
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Power density

Every kilogram counts on an aircraft. Today’s indus-

trial electrical motors typically reach power densities 

of about 1 kilowatt per kilogram (kW/kg). That is 

simply insufficient. To successfully implement 

electric propulsion units (EPUs), this value would 

need to increase to at least 10 to 15 kW/kg. Apart 

from the motor, the same holds for subsystems such 

as inverters and more.

Weight reduction will be crucial. And the good news 

is current electrical motors and inverters can poten-

tially become lighter. However, it will be a big 

challenge to accomplish this without affecting too 

many of the other design aspects, such as thermal 

behavior. In the industrial motors we know today, 

electromagnetic, electric, structural and thermal 

behavior are mildly coupled. This will change 

dramatically when removing mass.

For example, less structure will reduce the weight of 

the motor, but will impact its thermal capacity, 

heating the motor in less time. This can cause 

thermal deformations in the electromagnetic 

system, which in turn influences motor efficiency. 

Or it could set stricter requirements for heat rejec-

tion to prevent permanent magnets from 

demagnetization.

In summary, higher power density will always lead 

to a closer interaction between the involved physics 

and engineering domains.

Thermal management

Electrical systems require an entirely different 

approach to heat rejection than traditional power 

systems. In today’s aircraft, the heat exchange 

between systems happens in a quasi-static manner, 

allowing for a maximum heat load development 

approach. In future aircraft, heat exchange will be 

much more complex, dynamic and with values that 

can be five to 10 times higher than today. Most 

current development approaches would lead to 

oversized systems and an overweight aircraft.

Therefore, the design of future thermal manage-

ment systems will need to be smarter. It will need to 

be systematic and include all components that can 

play a role as a heat source or as heat sink, such as 

propulsion systems, environmental control systems, 

the powerplant, fuel and even the aircraft structure. 

This requires a system-level engineering approach 

that allows you to step away from the current siloed 

way to deal with heat and define the thermal 

management system architecture from the begin-

ning of the development cycle to the finished 

aircraft level.

Challenges related to the development process

As we’ve noted, electrification will intensify the 

interaction between various physics and add 

complexity to aircraft development. And as 

mentioned, the application of new technologies 

such as systems automation, embedded software 

and more will also add to that.

Today, aircraft programs seldom deliver on time and 

on budget, exactly because of technical and organi-

zational challenges. So, to keep development, 

certification and production affordable and predict-

able, current development processes will require a 

paradigm shift.
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Below we describe how some of the weak aspects in 

typical aircraft development processes can obstruct 

or delay the introduction of innovative 

technologies.

Siloed organizations create blind spots in 

performance engineering

A major issue in current aircraft development is the 

scale and complexity have led to programs being 

split up between various partners around the world, 

and the division of work mostly happens as if an 

aircraft is an assembly of separable systems that can 

be integrated at a later stage. There is obviously a 

constant flow of communication between the 

various stakeholders, but often this is based on dead 

digital data, being flat documents that are shared 

throughout the organization. A good example could 

be the cooling budgets between electrical and ECS 

departments, which are usually described as flat 

numbers.

Such a siloed approach can never capture the 

dynamics of physical interactions between systems. 

Therefore, each department will have to implement 

safety margins in order to cover uncertainties at the 

interfaces, which then results in more weight than 

necessary. Finally, this will lead to poor integrated 

aircraft performance, increased integration testing 

and certification cost, a complex operational enve-

lope and in the worst case, compromised missions. 

Below, we will describe this based on two examples.

Thermal management

One of the most striking cases that illustrate this 

problem is the way thermal verification is usually 

done today. Thermal engineers in all major divisions 

obviously make a great effort by using various tools, 

such as finite element analysis (FEA) and fluid 

dynamics simulation. But most of the time it’s only 

the flight testing that reveals whether a structure, 

system or subsystem is running hot or not. And 

communication between division typically happens 

with PDF data (see figure 4), excluding the possi-

bility to account for the energic interactions at the 

interfaces between systems, which are dynamic.

Such a blind spot can turn out to be highly problem-

atic for the overall aircraft development program. It 

might lead to the need for late redesigns that will 

patch the problem, in the worst case requiring the 

creation of a new kind of iron bird, ”the thermal iron 

bird.” All this can cause major program disruptions, 

huge additional costs and poor program execution.

Figure 4. A siloed approach can never capture the dynamics and physical interactions between systems. A dynamic and model 
based engineering approach allows for an integrated view on the performance.
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Electrical system integration

A second example is related to the design of the 

various aspects of the electrical system, which as 

mentioned requires ever more power, voltage and 

current. Today, the electrical system design, 

(mechanical) electrical harness design, the perfor-

mance analysis and the electrical system integration 

tests such as electromagnetic interference/electro-

magnetic compatibility (EMI/EMC) testing happen in 

a siloed way. Program managers usually recognize 

this as a major risk. You know where you start, but 

you never know when it will be finished.

Indeed, EMI/EMC certification is typically costly and 

based on trial-and-error. When a certain design, 

already implemented on the prototype, does not 

comply with EMI/EMC standards, one typically 

reroutes branches of the harness. This requires 

changes in the electrical system design, which then 

requires changes in the mechanical design and 

hopefully leads to a better EMI/EMC performance. 

All too often, this results in a neverending process 

(see figure 5).

Figure 5. Today, electrical system design, electrical harness design, performance analysis and electrical system integration tests 
happen in a siloed way. All too often, this results in a never-ending process. A dynamic and model based engineering approach 
allows for an integrated view on the performance.
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A new approach to aircraft 
engineering

Technology and process challenges like the ones we 

describe are inherent to current aircraft develop-

ment, and even more to future electrification. And 

they can only be tackled by pervasive digitization on 

various levels.

• On the technology side, it will require 

prediction-capable methodologies to achieve 

record-breaking power density, experimentation 

with new aircraft configurations and architectures 

and the ability to successfully deal with all ther-

mal issues. On the process side, there needs to be 

a platform that integrates the various disciplines 

and physics involved, and at the same time keeps 

track of the development workflows, engineering 

decisions and verification actions taken. We speak 

about the comprehensive digital twin and the 

digital thread (see figure 6). In this section, we 

elaborate on how Xcelerator, the comprehensive 

and integrated portfolio of software and services 

from Siemens Digital Industry Software, can be 

instrumental in helping you deploy the necessary 

infrastructure and solutions

The solutions in the Siemens portfolio for digital 

twin and digital thread have a long, proven track 

record in significantly improving aerospace program 

execution. As a global industry leader and with a 

clear focus on innovation, Siemens strives to deliver 

solutions that will allow businesses in the entire 

transportation sector, including aviation, to take the 

next steps in digitalization. It has achieved this by 

making substantial investments in research and 

development (R&D) as well as by strategic part-

nering and acquiring technology pioneers that can 

provide decades of engineering expertise in the 

sector.

Figure 6. The Siemens digital twin and digital thread platform.
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An important part of this offering is bundled in the 

Simcenter software and hardware solutions port-

folio, a comprehensive platform that combines 

simulation with testing tools and services for perfor-

mance engineering. Simcenter allows aviation 

engineers to model, gain insight into, understand 

and optimize the physical behavior of all elements 

of future aircraft, including structural development, 

fluid and heat transfer, systems development, 

thermal management, cabin comfort, electromag-

netics and integration, verification, certification 

testing and more. The solutions integrated in the 

Simcenter environment facilitate a scalable 

modeling approach, from component level to inte-

grated aircraft, and from low- to high-fidelity repre-

sentations. Therefore, Simcenter can support all 

development phases, from early concept, trade-off 

studies and detailed design to the verification 

phase, covering all physics and disciplines that are 

involved, and fully underpin the digital twin/digital 

thread paradigm.

Figure 7 shows what areas Simcenter is active in. In 

the later sections we highlight its importance for 

future aircraft performance engineering.

Moreover, Simcenter offers the possibility to 

connect to Xcelerator Share, an engineering-centric, 

cloud-based solution for ad hoc collaboration, which 

will allow teams of all sizes to collaborate securely 

with key stakeholders, including designers, 

managers, test engineers, suppliers, and customers 

with appropriate access control. This enables scal-

able, project-based workspaces that support greater 

flexibility in product development. Project members 

can view and mark up designs, share simulation 

templates and review simulation results at any time 

using any device.

Removing silos with model-based system 

engineering

As demonstrated previously with examples of 

thermal management and electrical system integra-

tion, a siloed approach can seriously impact, and 

even endanger, the success of an entire program. 

The sooner the dynamic behavior of the integrated 

aircraft can be understood, the better, especially 

when considering the additional complexity and the 

increased multi-physics that come with electrifica-

tion and other new technologies. Within current 

development processes, problems at the integration 

level are identified late, all too often during the 

flight test phase. To keep future aircraft develop-

ment cost under control, this needs to change. It is 

necessary to have an integrated view of the aircraft 

from concept phase onwards.

Figure 7. Simcenter aircraft performance engineering solutions.
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To achieve this, all former silos must contribute with 

behavioral models and closely collaborate with each 

other to align on how models are made, what they 

represent and how they interact with neighboring 

systems or other disciplines using well-defined 

interfaces. There are lots of submodels involved, 

including a multitude of physics and myriad mathe-

matics, so it will be crucial to have the right tools 

and methods to come to an integrated synthesis. 

With Simcenter, Siemens offers a virtual integrated 

aircraft (VIA) and virtual iron bird (VIB) strategy 

exactly for this purpose. In the next paragraphs, we 

describe the nature and the scope of these 

solutions.

Leverage ready-to-use aviation models

By itself, building a VIA is quite an extensive opera-

tion. Obviously, time that can be spent on analysis is 

more valuable than time spent on programming 

physical models of individual aircraft systems. When 

setting up simulations, all too often engineers lose 

time by reinventing the wheel, whereas they could 

just start from existing representations and make 

small adjustments. Within Simcenter, aviation 

engineers can find libraries for typical aircraft 

systems. These have been validated with major 

aircraft integrators, suppliers and academic part-

ners. Well documented models exist for components 

such as the electrical system, pneumatic system, 

hydraulic system, flight control, landing gear and 

more, and readily address new aircraft configura-

tions, like hybrid electrical propulsion systems.

The availability of such libraries allows aircraft 

engineers to focus on their product design rather 

than on a physical model programming. It allows 

you to perform more and better early trade-off 

studies and get a better view of what is the optimal 

structural and system architecture. The importance 

of this within the larger program cannot be underes-

timated. More, better and earlier insight into the 

integrated aircraft results in better choices, which 

significantly lowers the program risks and decimates 

the accumulated rework over the course of the 

program. It is important to add that Simcenter is an 

open platform, in which data from other industry- 

standard tools can be seamlessly included. This 

allows aviation engineers to easily combine the 

components in the standard libraries with their own 

legacy models.

Easily scale models according to engineering 

needs

Rather than being one single all-inclusive model, a 

VIA is a set of component models, data and parame-

ters that come in various representations and 

continuously evolve over the development cycle. A 

good platform for VIA lets engineers pick and 

combine subsystems in a form or at a scale that best 

fits the application.

Simcenter provides a broad range of compatible 

solutions, which in many ways make it a scalable 

platform for VIA.

Figure 8. All former silos must contribute with behavioral models 
and closely collaborate with each other to align on how models are 
made, what they represent and how they interact with neighboring 
systems or other disciplines using well-defined interfaces. With 
Simcenter, Siemens offers a virtual integrated aircraft (VIA) and 
virtual iron bird (VIB) strategy exactly for this purpose.

From coarse models to detailed development

During early architectural trade-off studies, engi-

neers often miss detailed design parameters and 

have to use coarse models to make initial decisions. 

Later in the development cycle, when more details 

about the physics become available, these decisions 

can be further elaborated with in-depth simulations.
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But during these later stages as well, the application 

plays a role for the model selection. To provide 

sufficient accuracy when running calculations, the 

amount of detail in a model should neither be too 

large or too small to provide sufficient accuracy and 

avoid excessive calculation times. The requirements 

in that respect can be application-dependent. 

Therefore, it’s important to have tools that can 

easily adapt the level of detail according to the 

engineering needs, while consistently using the 

same base model. Simcenter is by nature flexible for 

this purpose.

From component to integrated aircraft level

Simulation capabilities and libraries are necessary to 

model the aircraft subsystems and their compo-

nents by themselves, but also as a part of the inte-

grated aircraft. This might require components and 

parameters to come in various forms, or levels of 

abstraction. For example, it is important to under-

stand the detailed physical behavior of an aircraft 

brake servo-valve. But it will be equally important to 

take that model and integrate it one level up into 

the braking system; and then another level up into 

the landing gear. In the end, the goal is to under-

stand how the servo-valve contributes to the 

success of a rejected take-off scenario at aircraft 

level.

Within Simcenter, engineers can find embedded 

application knowledge as well as industry expertise 

to help them pick the appropriate model representa-

tion for each application.

From early concept design to verification 

phase

The scope of simulation is not limited to aircraft 

development. It has been proven that when data 

continuity is guaranteed until the verification phase, 

simulation can also help to reduce the certification 

cost. This applies to both structural and systems 

certification, as well as control strategy and soft-

ware verification scenarios, such as model-in-the-

loop (MiL), software-in-the-loop (SiL), 

hardware-in-the-loop (HiL) and pilot-in-the-loop 

testing. To be applicable in this context, physical 

models, whether detailed or coarse, usually need to 

be adapted to fit the test. Very often models have to 

be reduced to make them capable of running in real 

time to ensure model continuity along the V-cycle.

Being a platform that includes both simulation and 

testing capabilities, Simcenter includes lots of 

technologies and methods that allow engineers to 

consume models in the context of a verification 

phase. Obviously, having these models in exactly 

the same configuration as the to-be-certified design 

is of capital importance here. To that end, Simcenter 

also provides a verification process, including 

methods to accelerate the comparison between data 

sets in a managed environment in which traceability 

is assured by keeping a verification management 

digital thread.

Covering a wide range of applications in-depth

As mentioned in previous sections, the technolog-

ical challenges in future aircraft development for 

aspects such as power density and thermal manage-

ment will not be minor. To be a successful innova-

tion partner, one cannot be a master of all 

disciplines. Quite the contrary, especially when the 

focus is on removing silos and comprehensive 

solutions, it is crucial to make sure state-of-the-art 

solutions are available for every individual 

discipline.

In order to do so, Siemens has been investing in 

technology companies that have all the necessary 

pre- and postprocessing capabilities as well as 

robust and high-performance solvers, for a wide 

range of applications, and bundled them in the 

Simcenter platform.

Getting the most out of simulation models

Setting up accurate simulation models is a huge 

effort. So once models are available, they can better 

be exploited to the maximum of their potential. All 

too often models are still just used to refine and 

validate specific preselected design options rather 

than instrumentally contributing to the decision- 

making.
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With state-of-the-art technologies, however, engi-

neers can define products in a completely parame-

trized way and easily associate simulation-based 

performance analysis to design, which enables a 

thorough form of design exploration. When adding 

new options for generative design to such a process, 

like topology optimization or methods for architec-

ture or integrated system selection, enormous gains 

can be achieved in terms of concept design, pre and 

detailed sizing and more.

Simcenter includes tools for design exploration and 

provides a platform in which simulation methodolo-

gies can be coupled to generic design capabilities to 

help aviation engineers set up the most effective 

and highperformance design process.

Creating synergies between simulation and 

testing

Finally, electrification as well as the introduction of 

innovations that include software and electronics 

will dramatically increase the number of parameters 

and consequently the complexity of the aircraft that 

needs to be optimized, and later certified. Even 

though managing this will require ever more simula-

tion, at the same time the workload for testing 

departments will continue increasing. That might 

sound contradictory, especially when talking in 

terminology like digital twin and digital thread, but 

it’s not. Quite the contrary, testing is an essential 

part of the comprehensive digital twin, both during 

product design and certification. If anything, a 

tighter integration between simulation and testing is 

crucial for the success of the comprehensive digital 

twin as a predictive approach.

During the earlier development stages, the value of a 

digital twin approach is to a large extent defined by 

the degree of modeling realism that can be achieved. 

So, during this time, real measured data is vital to 

endorse modeling accuracy. Realistic simulation 

demands continuous testing work on components, 

materials, boundary conditions and more. This goes 

way beyond measuring accurate data for standard 

structural correlation analysis and model updating. 

Testing allows aviation engineers to explore 

uncharted design territories and build knowledge 

about new materials and all the additional parame-

ters that come with mechatronic components. This 

often involves multiple physics and requires innova-

tive testing methodologies.

At the end of the development cycle, especially 

during certification, the situation is different, as 

typically testing is then at the center of events. At 

this time, the pressure is on. Prototypes and testing 

infrastructure are costly to use, and late discovery of 

defects can directly impact the aircraft’s market 

entry. And with increasing aircraft complexity, 

including after-delivery updates, the share of work in 

this area can be expected to grow due to many more 

product variations, parameters, operating points, etc. 

At this stage, simulation can be a great addition and 

help to classic testing processes.

Indeed, virtual testing takes an increasingly promi-

nent place in the certification process. But there are 

limits as in order to hand out airworthiness certifi-

cates, authorities will always require evidence from 

the integrators that proves the modeling assumptions 

in the simulations were right. Therefore, Siemens 

strongly believes that it is best to investigate 

approaches where physical and virtual testing go 

hand-in-hand, and where cheaper and better verifica-

tion and certification processes can be achieved with 

synergies between both worlds. For example, simula-

tion could help to define the best test configuration. 

There are often huge opportunities to simplify phys-

ical test benches and complement parts of the test 

Figure 9. Simcenter is quite a unique environment as it is the 
only portfolio in the market that directly connects physical 
testing with system simulation, 3D computer-aided engineer-
ing (CAE) and 3D computational fluid dynamics (CFD).
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with simulated elements. This can lead to cheaper 

test setups or reduce testing risks. That is just one 

example.

In that sense, Simcenter is quite a unique environ-

ment as it is the only portfolio in the market that 

directly connects physical testing with system 

simulation, 3D computer-aided engineering (CAE) 

and 3D computational fluid dynamics (CFD).

Conclusion

The Simcenter solutions portfolio, which is part of 

Xcelerator, offers aviation engineers a comprehen-

sive set of scalable and collaborative tools for model 

based performance engineering during aircraft 

development, from concept design to certification, 

all traceable and on one platform.

From the beginning of the development cycle, 

Simcenter discourages working in silos by enabling 

the user to create a full aircraft comprehensive 

digital twin, or VIA. All models are scalable and can 

easily be further elaborated as data becomes avail-

able or adapted to specific simulation needs. During 

later stages, when development reaches the phase 

of detailed performance engineering and require-

ments validation, Simcenter offers state-of-the-art, 

application-specific solutions for all possible discipli- 

nes. These can be combined with high-performance 

testing solutions for model validation or to increase 

realism. Ultimately, the Simcenter simulation 

models can be the basis for virtual testing and 

assisting physical testing during aircraft certification 

and even beyond.

As all these solutions are in one platform that also 

connects to design, Simcenter can be used to create 

a digital thread that spans the entire development 

cycle. This facilitates deeper design exploration and 

provides applications such as topology optimization, 

generative methods for architecture and integrated 

system selection. As such, Simcenter can turn a 

classic verification-centric development process into 

a prediction-oriented comprehensive digital twin 

approach. With Simcenter, engineers can exploit 

simulation to the maximum.
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