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 State of the Art - Background 

 Unsteady load calculations play an important 
role in the design and development of an air-
craft, and have an impact upon the concept 
and detailed structural design, aerodynamic 
characteristics, weight, fl ight control system, 
performance, etc. They determine the most 
extreme stress levels and estimate fatigue 
damage and damage tolerance for a particular 
design. For this purpose, loads cases due to 
gusts and manoeuvres are applied to detailed 
structural models during the design phase.

The fl ight conditions and manoeuvres, which 
provide the largest aircraft loads, are not 
known a priori. Therefore, the aerodynamic 
and inertial forces are calculated at a large 
number of conditions to estimate the maxi-
mum loads that the aircraft will experience. 

These analyses have to be repeated for every 
update of the aircraft structure. For modern 
civil aircraft, each of these loads calculation 
cycles requires more than 6 weeks. This, 
together with the multiple times this calcula-
tion procedure needs to take place, has a 
detrimental effect on cost and time to market. 
The number of critical loads cases raises two 
main points. 

First, the replacement of the current low fi del-
ity models with more accurate simulations is 
attractive because of the reduced tunnel test-
ing costs and the decreased risk of design 
modifi cation in the later phases, however the 
overall cost of the loads process must not 
increase.

Secondly, the new aircraft that will be vital 
to meet 2020 performance targets is likely 
to possess critical loads cases very different 
from those found on conventional aircraft. 
Engineering experience, that is currently used 
to reduce the number of critical loads cases 
without compromising air safety, cannot be 
extended to novel confi gurations. 

 Objectives 

 To solve the requirements of faster turna-
round time and increased accuracy in the 
loads process, FFAST will develop, implement 
and assess a range of numerical simulation 
technologies to accelerate the aircraft loads 
process.

FFAST will focus on three areas of research 
that have been identifi ed as offering major 
reductions in the total analysis cost/time:
- Faster identifi cation of critical loads cases: 

the minimization of the number of requested 
aeroelastic analyses to some key-points 
by formalising the process and reducing 
dependency on engineering judgement; this 
will allow non-conventional confi gurations to 
be evaluated at lower risk;

 FFAST 
 Future Fast Aeroelastic Simulation 
Technologies 

Wing confi gurations at different fl ight conditions
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- The extraction of aerodynamic and aeroe-
lastic reduced order models (ROMs), suit-
able for loads analysis, from complex full 
order models. Such models reproduce the 
dominant characteristics of higher fi delity 
models, but at a much reduced cost;

 
- Reduced order model acceleration of full-

order models: full order simulations are 
currently too expensive for routine use, but 
reduced order models offer cost savings 
through convergence acceleration.

Success in each research theme may make 
a considerable individual contribution to the 
reduction of loads analysis cost. Improve-
ments are multiplicative and the step change 
in analysis costs will only come about if there 
are simultaneous improvements in each of the 
three identifi ed areas. 

 Description of Work 

 The work naturally splits into critical load iden-
tifi cation, aerodynamic reduced order model-
ling, aeroelastic reduced order modelling and 
validation & assessment. The full benefi t of 
improvements in each of these areas, to deliver 
a signifi cant impact on future aircraft design, 
will only be achieved if they are fully integrated. 
The main subdivisions of the work are the 
development and assessment of the following:

- Methods for reducing the number of analy-
ses needed to identify the critical loads 
cases for conventional aircraft;

- Methods for making critical load identifi ca-
tion applicable to non-conventional aircraft;

- Aerodynamic reduced order modelling tech-
niques at a single fl ight point; 

- Hybrid aerodynamic reduced order model-
ling/full order modelling techniques;

- Strategies for global reduced order models 
for across-the-envelope simulation;

- Hybrid aeroelastic reduced order modelling/
full order modelling techniques;

- Construction of reduced order models from 
a unifi ed non-linear aeroelastic system;

- Global aeroelastic reduced order models for 
use in early design phase.

The fi nal stage of the project will involve the 
validation and assessment of candidate 
technologies. 

 Expected Results 

 FFAST is an upstream university led project, 
and, as a result, the main outputs will be: 
- new knowledge in the form of novel numeri-

cal simulation technologies and innovative 
approaches to the loads process;

- early release software;
- a solution database for unsteady loads 

cases, and
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Expanding high fi delity modelling from cruise to critical loads cases
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- recommendations in the form of written 
reports on a range of candidate technologies, 
that will guide future research investment.

The FFAST project will contribute to improv-
ing European industrial competitiveness by 
developing capabilities to design an aircraft 
concept that will have signifi cantly lower fuel 
burn levels than today’s best standards. Low-
ering aircraft fuel burn will result in reductions 
in CO 2  emissions that will go a signifi cant way 

to meeting the ACARE 2020 vision targets. In 
order to meet these targets the aircraft design 
process must evolve rapidly to allow a number 
of concepts to be retained and assessed from 
top level defi nition through to high levels of 
maturity whilst also reducing lead times. New 
tools and technologies are required to enable 
this. In this context, FFAST will provide the 
foundation for a new approach in the key area 
of rapid critical load analysis, across a range 
of granularity and fi delity. 


