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Summary 
Most research of aviation cockpit noise focuses on engine-powered aircraft with various types of 
propulsion - piston, turboprop, turbojet and turbofan. This paper deals with a sailplane (glider) 
aircraft that, after being launched by towing aircraft, continues an autonomous, non-powered 
soaring flight. The interior noise is from that point predominantly generated aerodynamically by 
wind slipstream during progressive flight. Its level and spectrum at different speeds and wing 
control surface configurations, i.e. various phases of actual flight: towing take-off, assisted and 
thermal climb, cruise, descent and landing, were recorded in a typical sailplane aircraft and the 
results are presented and analyzed. Acoustical characterization of sailplane cockpit in static, on-
ground condition, identified by MLS and TSP methods is given along with the flight safety-related 
speech quality metrics derived from the data assessed and compared with the results from previous 
research on a small engine-powered aircraft. 
 

PACS no. 43.40.+s, 43.50.+y, 43.71.+m. 
 
1. Introduction  

Engine powered aircraft interior noise of has been 
comprehensively investigated thus far by many 
researchers, whereas this paper concentrates solely 
on sailplane interior noise. While the light 
propeller aircraft noise predominantly consists of 
engine/exhaust and propeller noise, as well as 
airframe noise at higher airspeeds, [1-4], in case of 
  

 
 
 
 
 
 
 
 
 
 
 

Figure 1. Aircraft and sailplane noise components 
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a sailplane there is no inherent powerplant 
(propulsion) noise, but the noise generated 
aerodynamically (Figure 1). During towing, there 
is also additional slipstream noise originating from 
propeller wake of the towing aircraft. 

2. Sailplane 

Sailplane is a light glider used especially for 
soaring. It takes-off using a towing aircraft or may 
be launched by towing winch. The Schleicher K7 
Rhönadler, also known as Ka-7 or K-7, used in the 
experiment (Figure 2), is a German high-wing, 
two-seat glider designed by Rudolf Kaiser and 
produced by Alexander Schleicher GmbH & Co. 
[5]. It is of conventional wood and fabric 
construction, with a steel tube fuselage which had 
fabric covering over wooden formers. Landing gear 
consists of a non-retractable and unsprung Dunlop 
monowheel. The pilots are accommodated inline 
under a Plexiglas canopy, the front portion of which 
hinges to starboard and the rear portion hinges 
rearwards. Towing was done using Piper PA-18-
150 Super Cub. 



 

 

 

 

 
 

Figure 2. K7 sailplane 
 
Dimensions and performance data of K7 sailplane 
are summarized in Table 1. 
 

Table I. K7 sailplane data 
 
Item Value 
Span 16.0 m 
Length 8.1 m 
Height 1.6 m 
Wing Area 17.5 m² 
Wing Section  Göttingen 535/549 
Aspect Ratio 14.6 
Empty Glider Mass 280 kg 
All-Up Mass 480 kg 
Maximum L/D 27 at 43 kn 
Stalling Speed 32 kn (60 km/h) 
Minimum Sinking Speed 0.85 m/s 
Max. Rough Air Speed  70 kn (130 km/h) 
Never Exceed Speed  108 kn (200 km/h) 
 
3. Acoustic measurements 

Figure 3. Impulse response measurement layout 

Cabin impulse response has been measured in 
static, on-ground conditions (Figure 3). Measured 
impulse responses using MLS and TSP method are 
shown in Figures 4 and 5. Measurement by TSP 
method is obviously less noisy and cabin 
reflections diminish quickly. 

 

 

 

 

 

 

Figure 4. MLS impulse response of the K7 cabin 

 

 

 

 

 

 
Figure 5. TSP impulse response of the K7 cabin 

 
Frequency response of the K7 cabin is shown in 
Figure 6. There are several distinctive peaks and 
drops in frequency curve that are listed in Table II. 
 

 

 

 

 

 

 

 
 

Figure 6. Frequency response of the K7 cabin 
 

 
Table II. Cabin resonances and antiresonances 

 

 Resonance (Hz) Antiresonance (Hz) 
1  26,9 
2 37,7 48,4 
3 75,4 91,5 
4 113 134,5 
5 177,6 199,1 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Cabin noise measurement layout 

 
Noise levels with spectra for various phases of 
flights were measured by Class 1 SLM, (Figure 7). 
A-level weighting was used for measurements due 
to high correlation with human subjective judgment 
of loudness, [6]. Measurement position was at the 
head level, according to ISO 5129:2001 standard. 
Noise was measured during towed and autonomous 
(non-towed) operation. Measured values are shown 
in Table III and Figure 8. Spectral components of 
noise are shown in Figures 9 and 10. 

 

Table III. Flight phases with corresponding values 
(towed in red, autonomous in green) 

 

 Flight phase Airspeed 
[kn] 

Height 
[ft] 

SPL 
[dBA] 

1 T/O run 30 0 76,7 

2 T/O 35 10 81,1 

3 Climb 45 100 83,2 

4 Climbing turn 50 1000 80,5 

5 Soar (40 kn) 40 2300 77,0 

6 Soar (45 kn) 45 2100 79,0 

7 Descend (40 kn) 40 2000 76,0 

8 Descend (45 kn) 45 1650 77,3 

9 Descend (50 kn) 50 1300 78,1 

10 Descend w/A (35 
kn) 

35 1000 84,9 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Noise levels during various phases of flight (w/A – with Airbrakes extended) 
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Figure 9. Spectral components of noise for take-off run, take-off, climb and climbing turn flight phases 

 

 

 

 

 

 

 

 

 

 

Figure 10. Spectral components of noise for soar and descend flight phases 

 

 
4. Speech intelligibility in the sailplane 

Speech communication is often degraded by the 
masking effect of background noise and changes 
in vocal effort are necessary for various 
background noise levels. Auditory masking is 
intrusion of unwanted sounds that inevitably 
interfere with the speech signal. Several noise 
metrics have evolved so far and are generally 
used for assessing the influence of noise on 
speech, [3, 4, 6]. Noise level as well influences 
communication distance, [6, 7]. 

4.1. Speech Interference Levels (SIL) 

Speech Interference Level is defined by the 
expression (1) as the arithmetic average of the 
sound pressure levels at 500, 1000, 2000 and 
4000 Hz octave bands, [3, 4, 6]: 

 

4
4 0 0 02 0 0 01 0 0 05 0 0 pppp LLLL

S IL
+++

=   (1) 

A-weighted sound level Lpa correlate well with 
SIL for most sounds associated with aviation, 
[4]. Acceptable results of SIL values may be 
derived from A-weighted noise levels by using 
the following expression, (2), [3, 4]: 

10−≈ pALSIL    (2) 

 
4.2. Speech Inteligibility Index (SII) 

Speech Intelligibility Index (SII) provides a 
means for machine estimation of speech 
intelligibility under conditions of additive 
stationary noise or bandwidth reduction. It is 
computed from acoustical measurements of 
speech and noise using SII CALCULATION 1.0 
software package, Fig. 9, [8]. 
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4.3. Articulation Index (AI) 

Articulation Index is the value, between 0 and 
1.0, that describes the masking of speech by 
background noise, [6]. It is a quantitative 
measure of speech intelligibility in terms of the 
percentage of speech items that can be correctly 
perceived and recorded. Value for AI is found by  

 

 
 

Figure 9. Software for calculating the Speech 
Intelligibility Index (SII) 

 

evaluating the signal to noise ratio in specific 
frequency bands, [3, 4]. The Calculator for 
determining AI is shown in Fig. 10, [9]. Values 
for SIL, SII and AI during various phases of flight 
are summarized in Table IV. 

 

 
 

Figure 10. AI web calculator 

 

 
Table IV. Speech intelligibility metrics 

 

 Flight phase SIL 
SII 

AI 
Normal Raised Loud Shouted 

1 T/O run 62,8 0,12 0,35 0,58 0,78 0,38 

2 T/O 68,6 0,05 0,19 0,42 0,64 0,17 

3 Climb 75,1 0 0,03 0,20 0,43 0,05 

4 Climbing turn 73,9 0 0,07 0,30 0,53 0,06 

5 Soar (40 kn) 70,3 0,02 0,13 0,33 0,56 0,14 

6 Soar (45 kn) 72,6 0 0,08 0,29 0,52 0,10 

7 Descend (40 kn) 69,6 0,03 0,15 0,36 0,59 0,14 

8 Descend (45 kn) 70,7 0,02 0,12 0,33 0,55 0,11 

9 Descend (50 kn) 78,2 0 0 0,13 0,36 0,02 

10 Descend w/A (35 kn) 71,2 0,02 0,12 0,31 0,54 0,13 



 

 

 

 

In order to make cabin noise comparison with one 
of the most popular single engine general aviation 
aircraft – Cessna 172, interior noise levels and 
speech intelligibility metrics of Cessna 172N are 
listed in Table V, composed from data available in 
[3]. Since it was engine-assisted flight, all cells in 
table are shaded in red. Noise levels are 5-8 dB 
higher than in the sailplane, with the exception of 
take-off phase, where Cessna 172N is 
approximately 10 dB louder. 

 
Table V. Flight phases with corresponding noise levels 

and speech intelligibility metrics of Cessna 172 N 
 

Flight phase 
Noise level [dBA] 

(+/- 0.5 dBA) 
SIL AI 

taxiing 78.9 68.9 0.33 

hold 80.2 70.2 0.32 

take off run 93.9 83.9 0,15 

take off 91.1 81.1 0.17 

climb 88.9 78.9 0.17 

cruise 83.1 73.1 0.28 

descend 74.0 64.0 0.38 

landing 76.0 66.0 0.36 

roll off 79.3 68.7 0.34 
 

5. Conclusion 

Despite the expectations, noise levels in tested 
K7 sailplane are substantial, being above 75 dBA 
throughout the operational speed range, hence 
degrading the quality of direct, person-to-person 
speech communication within the cockpit. The 
highest noise levels are identified during take-off 
and climb (with the help of, and due to, towing 
aircraft), as well as in descend phase with 
airbrakes extended. Even the plain soaring 

generates considerable broadband noise, 
especially at higher speeds, so during all the 
abovementioned flight phases communication is 
severely impaired. However, it should be 
emphasized that K7 is a half-century old, rather 
boxy-fuselage sailplane design with 
corresponding slipstream. All the more, the 
model tested in this study has marginally newer 
production date with all related consequences 
(such as worn-out canopy seals, etc.). 
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