
 
 

Delft University of Technology

Validation of a turboprop cabin demonstrator

Reichherzer, Anna; Norrefeldt, Victor; Herbig, Britta; Müller, Benjamin; Vink, Peter; Song, Yu; Euhus,
Aenne; May, Adrian; Bellmann, Michael; Mansfield, Neil
DOI
10.1088/1742-6596/2716/1/012027
Publication date
2024
Document Version
Final published version
Published in
Journal of Physics: Conference Series

Citation (APA)
Reichherzer, A., Norrefeldt, V., Herbig, B., Müller, B., Vink, P., Song, Y., Euhus, A., May, A., Bellmann, M.,
& Mansfield, N. (2024). Validation of a turboprop cabin demonstrator. Journal of Physics: Conference
Series, 2716, Article 012027. https://doi.org/10.1088/1742-6596/2716/1/012027

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without the consent
of the author(s) and/or copyright holder(s), unless the work is under an open content license such as Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.

This work is downloaded from Delft University of Technology.
For technical reasons the number of authors shown on this cover page is limited to a maximum of 10.

https://doi.org/10.1088/1742-6596/2716/1/012027
https://doi.org/10.1088/1742-6596/2716/1/012027


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

EASN-2023
Journal of Physics: Conference Series 2716 (2024) 012027

IOP Publishing
doi:10.1088/1742-6596/2716/1/012027

1

 
 
 
 
 

Validation of a turboprop cabin demonstrator 

Anna Reichherzer1, Victor Norrefeldt1, Britta Herbig2, Benjamin Müller1, Peter 
Vink3, Yu Song3, Aenne Euhus4, Adrian May4, Michael Bellmann4, Neil 
Mansfield5 

1Fraunhofer Institute for Building Physics IBP, Fraunhoferstrasse 10, 83626 Valley, 
Germany 
2University Hospital, Ludwig-Maximilians-University, Ziemssenstasse 5, 80336 
Munich, Germany 
3Delft University of Technology, Landbergstraat 15, 2628 Delft, the Netherlands 
4Institut für technische und angewandte Physik GmbH, Marie-Curie-Strasse 8 26129 
Oldenburg, Germany 
5Nottingham Trent University, Burton Street, NG1 4BU Nottingham, United Kingdom 
 

Corresponding author: anna.reichherzer@ibp.fraunhofer.de 

Abstract. Turboprop aircraft should be improved as they are more environmentally friendly 
aircraft compared to turbojet aircraft but noise and vibration are often too high for passengers. A 
simple and uncomplicated way to carry out experiments is using a demonstrator. To determine 
whether the demonstrator represents the reality, it must be validated. In this project, real flights 
were first conducted in a turboprop aircraft. During two 70-minute flights, 94 subjects answered 
questions about symptoms, mood or comfort levels related to noise and vibration, among other 
things. In the next step, investigations will be carried out in the demonstrator under the same 
conditions as the real flights. Both results will be compared with each other. If the data from the 
demonstrator corresponds to that of the real flights, the demonstrator is considered to have been 
successfully validated. The requirement for this is that the demonstrator data lies within the 
confidence intervals of the results from the real flights. The aim is to validate a full-scale on-
ground demonstrator of a regional turboprop aircraft cabin that will be used for multiple tests 
like subject tests and comfort evaluation, composite materials and structures, systems and energy 
consumption. 

 

1.  Introduction 
Turboprop aircraft are more environmentally friendly for short-haul flights due to less carbon emission 
compared to turbojet aircraft [1]. The problem of these type of aircraft is that they generate more noise 
and vibration due to the propellers and engine [2]. The difference compared to turbojet aircraft could be 
10 to 30 decibel [3]. More noise and vibration could have a negative impact on passengers. Both factors 
are the main factors influencing the discomfort perception of passengers in a turboprop aircraft [4]. 
Other studies reported similar results: Passengers felt less comfortable, restless and deteriorated if the 
sound pressure level is high [5].These negative impacts not only affect passengers, also the cabin crew 
could be influenced by noise and vibration showing worse performance, health, or wellbeing [6]. If the 
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passengers rate an aircraft as too loud and perceive too much vibration, their comfort and satisfaction 
rating decreases. Consequently, their willingness to choose these types of aircraft again will decrease, 
too [7]. Therefore, it is essential to examine and improve turboprop aircraft.  

Because simulations for subjective perception are not possible at the moment and real flights are too 
complex and expensive, demonstrators are particularly well suited. However, these are only useful when 
they are validated. Validation is essential to verify that the demonstrator produces the same results as a 
real turboprop aircraft and that its function is correct [8]. For this purpose, validation tests and validation 
environment need to be defined [8]. It is necessary to collect passengers’ reactions during a real flight 
and to compare them with results from the demonstrator. After the validation, the demonstrator can also 
be used for different scenarios or other areas of application. Thus, demonstrators are a good way to carry 
out investigations quickly and economically.  

The goal of the CleanSky2 Regional Aircraft project is to develop, validate, and evaluate a cabin 
demonstrator for turboprop aircraft (see figure 1). 

 
 
 
 
 
 
 
 
 

Figure 1. 3D CAD model of the turboprop cabin demonstrator. 
 

2.  Methods 
To validate the turboprop cabin demonstrator, data of a real flight and of a simulated flight in the 
demonstrator are needed. The data from the real flights have already been collected, the data from the 
simulator will be gathered in the winter of 2023/24. 

2.1.  Procedure and  measures of the real-flight 
Two real flight observation studies were carried out in an ATR72-500 taking off and landing at the 
Rotterdam The Hague Airport, the Netherlands, in November 2021. During two 70-minute flights (see 
figure 2 for the exact test sequence), 94 subjects (52 participants during 1st flight, 45 participants during 
2nd flight) answered questions about the following topics: 

 Comfort rating about acoustic and thermal environment, vibration, air quality, light, and general 
comfort and discomfort (adapted versions of the Ideal Cabin Environment (ICE) Questionnaire 
(ICE Project, 2010), the Occupant Indoor Environmental Quality (IEQ) Survey [9, 10], ISO 
28802 [11] and ISO 2631-1 [12])  

 Postural sensations [13], spatial [13, 14] and visual perception [14]  
 Mood [15] 
 Symptoms ([16, 17], expanded by symptoms from reviews [18-21]) 
 Flight experience questions (adapted [22, 23])  
 And other variables like intolerance of discomfort, noise sensitivity, and sociodemographic 

questions 
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The main questions are about the acoustic environment and vibration because they are particularly 
important for the characteristics of a turboprop aircraft. Consequently, the following questions were 
asked about the acoustic environment during ascent, middle of cruising phase, and descent: 

 Comfort (1 = no comfort, 10 = extreme comfort) and discomfort (1 = no discomfort, 10 = extreme 
discomfort) 

 Acceptability (1 = very unacceptable, 7 = very acceptable) 
 Pleasantness (1 = very unpleasant, 7 = very pleasant)  
 Loudness (1 = very loud, 7 = very quiet) 
 Preferred loudness (1 = much louder, 7 = much quieter) 
 Annoyance (1 = not annoying, 4 = very annoying)  
 Open question: all sources of noise in the environment 
 

Moreover, the following questions regarding vibration were asked during ascent, middle of cruising 
phase, and descent: 

 Comfort (1 = no comfort, 10 = extreme comfort) and discomfort (1 = no discomfort, 10 = extreme 
discomfort) 

 Acceptability (1 = very unacceptable, 7 = very acceptable) 
 Pleasantness (1 = very unpleasant, 7 = very pleasant)  
 Overall vibration and experienced vibration of different body areas (1 = no vibration, 5 = very 

strong vibration) 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 2. Test sequence of the real and simulated flights. 
 
In addition to the questionnaire data, some environmental data were also collected, such as cabin 

pressure, temperature, humidity, CO2, and noise. These data are used to create similar environmental 
conditions in the demonstrator and to verify it technically. 
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2.2.  Planned investigations in the demonstrator 
The Passenger Cabin Ground Demonstrator is a full-scale fuselage section of a future regional aircraft 
consisting of the door/galley area and five rows of seats. The demonstrator’s aim is to validate innovative 
systems and human centered design concepts within the CleanSky2 Regional Aircraft project. The 
passenger cabin is a CleanSky JU Leader LEONARDO Aircraft Demonstrator for all aspects concerning 
research, technological maturation, design, manufacturing and integration. It will be in the course of the 
project transferred to Fraunhofer for thermal and comfort testing. Within Fraunhofer, the demonstrator 
will be equipped with an ECS (environmental control system) emulation system and an exterior 
conditioning to be able to thermally imitate the operation of the cabin section over a flight cycle. Noise 
and vibration will be simulated based on the measurements performed in the in-flight tests. For this, 
loudspeakers are distributed in the cabin and shakers are mounted under the seats. Tests on subjects will 
be performed in the demonstrator. A sample will be used that is based on samples recorded during the 
real flight. Where the sample deviates, the differences will be included as control variables. Conditions 
and questions will also be the same as in the real flight (see 2.1). 
 

3.  Results 

3.1.  Results of the real-flight 
Overall, 58 men and 36 women participated with an average age of 33.86 ± 14.31 years. More than half 
of the test subjects already reported experience with a turboprop aircraft and indicated a positive attitude 
towards flying. 

The results showed that noise is the biggest discomfort factor, but this discomfort decreased 
significantly over time. Vibration was rated as more comfortable than noise. It is slightly noticeable that 
the comfort of vibration increased during the flight. These results are shown in figure 3. Also in the 
evaluation of acceptability and pleasantness, it is evident that vibration was rated better than noise. 
Pleasantness of noise was rated worst, but increased significantly towards the end of the flight. Subjects 
preferred a quieter aircraft and perceived the noise as loud. Both points improved over time. The noise 
slightly annoyed the subjects throughout the entire flight. Air conditioning, engine, low or high 
frequency noise, and wind were a frequent responses when asked about noise sources. In addition, the 
subjects generally perceived less vibration, which also remained relatively constant over time. The 
perceived vibration of feet and thigh decrease significantly over time. 

 

3.2.  Results of the investigations in the demonstrator 
Passengers’ reactions in the demonstrator will be compared with the real-flight data by replicating all 
possible environmental conditions from the real flights in the demonstrator. The goal is that the 
questionnaire data fall within the confidence intervals of the real-flight data. If the demonstrator results 
are within the confidence intervals of the real-flight data, the validation was successful and the Passenger 
Cabin Ground Demonstrator can be used for multiple investigations. If the demonstrator results are not 
within the confidence intervals of the real-flight data, causes must be investigated. On the one hand, 
technical conditions can be a reason, on the other hand, it could be due to the sample. Therefore, it is 
important to check possible differences in the sample as well as to verify the technical aspects again. 
This process must be checked and repeated until the results of the real flight match those of the simulated 
flight, or if differences in the sample can explain the discrepancy, so that it can be assumed that the 
verification was successful. 
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Figure 3. Comfort and discomfort from noise and vibration.  

 

4.  Discussion 
Since turboprop aircraft are more environmentally friendly compared to turbojet aircraft but at the same 
time loud and prone to vibration, they should be improved. To investigate effective methods of 
improvement alternative design changes must be tested. The simplest method to conduct various test 
setups and subject studies is to use a demonstrator. But it is essential to validate the demonstrator to be 
able to transfer the results to real flights. 

The results from the real flights were able to confirm other studies [e. g. 3, 5] that especially noise is 
the biggest discomfort factor for passengers. With this data, it is possible to validate the demonstrator. 
For this purpose, the same test setup used in the real flights needs to be replicated in the demonstrator 
and the demonstrator data must be within the confidence intervals of the real-flight data. The next step 
is to set up the demonstrator, to verify it technically and finally to perform tests on subjects. When the 
validation is successful, the cabin demonstrator can be used for different scenarios or other areas of 
application. 

If it can be achieved to improve noise and vibration in a turboprop aircraft through the demonstrator, 
thus making the aircraft more comfortable, more passengers are willing to fly with turboprop airplanes. 
As a result, less fuel and CO2 emissions are consumed on short-haul flights compared to a turbojet 
aircraft, which in turn has a positive impact on the environment. In our real-flight study, more than 80% 
of the participants would choose a turboprop aircraft again what is a good starting point to use these 
airplanes more frequently. 
 
Acknowledgments 
The presented project has received funding from the Clean Sky 2 Joint Undertaking under grant 
agreements No 945583. and No. 831992. The authors are responsible for the content of this publication. 
 
 
  

 

1

2

3

4

5

6

7

8

9

10

Ascent Middle of cruising phase Descent

M
ea

n 
va

lu
es

 a
nd

9
5

%
 c

o
nf

id
en

ce
 i

nt
er

va
l

Vibration Comfort Vibration Discomfort Noise Comfort Noise Discomfort

No  
(dis)comfort 

Extreme 
(dis)comfort 



EASN-2023
Journal of Physics: Conference Series 2716 (2024) 012027

IOP Publishing
doi:10.1088/1742-6596/2716/1/012027

6

 
 
 
 
 

References 
[1] Babikian R, Lukachko Sp and Waitz Ia 2002 J. Air Transp. Manag. 8 389–400  
[2] Mansfield N, West A, Vanheusden F and Faulkner S 2021 Comfort in the Regional Aircraft 

Cabin: Passenger Priorities eds Black, NL, Neumann, WP, Noy, I Proceedings of the 21st 
Congr. of the Int. Ergonomics Association (Cham: Spinger) pp 143–49  

[3] Kincaid K, Laba E and Padula L 1997 J. Comb. Optim. 1 229–50  
[4] Vink P, Vledder G, Song Y, Herbig B, Reichherzer As and Mansfield N 2022 Int. J. Aviat. 

Aeronaut. Aerosp. 9  
[5] Pennig S, Quehl J and Rolny V 2012 Ergonomics 55 1252–65  
[6] Mellert V, Baumann I, Freese N and Weber R 2008 Aerosp. Sci. Technol. 12 18–25  
[7] Richards Lg, Jacobson Id and Kuhlthau Ar 1978 Appl. Ergon. 9 137–42 
[8] Montalvo A, Parra P, Rodríguez Pó et al 2022 Softw. Syst. Model. 21 2367–94 
[9] Veitch Ja, Charles Ke, Farley Kmj and Newsham Gr 2007 J. Environ. Psychol. 27 177–89 
[10] Newsham Gr, Veitch Ja and Charles Ke 2008 Indoor Air 18 271–82 
[11] ISO 2012 Ergonomics of the physical environment - Assessment of environments by means of an 

environmental survey involving physical measurements of the environment and subjective 
responses of people (ISO 28802:2012 IDT) 

[12] ISO 1997 Mechanical vibration and shock -Evaluation of human exposure to whole-body 
vibration (ISO 2631-1:1997) 

[13] Kremser F, Guenzkofer F, Sedlmeier C, Sabbah O and Bengler K 2012 Work 41 4936–42  
[14] Veitch J, Farley K and Newsham G 2002 Environmental Satisfaction in Open-Plan Environments: 

1 Scale Validation and Methods National Research Council of Canada 
[15] Desmet Pma, Vastenburg Mh and Romero N 2016 J. Dess Res. 14 241–79 
[16] Schnuch A, Oppel E, Oppel T, Römmelt H, Kramer M, Riu E, Darsow U, Przybilla B, Nowak D 

and Jörres R 2010 Br. J. Dermatol. 162 598–606 
[17] Herbig B, Jörres Ra, Schierl R, Simon M, Langner J, Seeger S, Nowak D and Karrasch S 2018 

Indoor Air 28 112–24 
[18] Atsumi B, Tokunaga H, Kanamori H, Sugawara T, Yasuda E and Inagaki H 2002 JSAE Review 

23 341–46  
[19] Griffiths Rf and Powell D 2012 Aviat. Space and Environ. Med. 83 514–21 
[20] Höppe P and Martinac I 1998 Int. J. Biometeorol. 42 1–7 
[21] Zubair M, Ahmad Ka and Riazuddin Vn 2014 Appl. Mech. Mater. 629 388–94 
[22] Ramos Éms, Bergstad Cj and Nässén J 2020 Transp. Res. F: Traffic Psychol. Behav. 68 306–15  
[23] Beck Mj, Rose Jmand Merkert R 2018 J. Travel Res. 57 495–512 
[24] Müller B, Lindner A, Norrefeldt V, Song Y, Mansfield N and Vink Peter 2022 ICAS - Int. Council 

of the Aeronautical Sciences 2022 


	2.1.   Procedure and  measures of the real-flight
	2.2.   Planned investigations in the demonstrator
	3.1.   Results of the real-flight
	3.2.   Results of the investigations in the demonstrator



