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SUMMARY:

Background: Over the past fifteen years touring motor
gliders and gliders with retractable propulsion units have
developed with incredible speed. More than 1/3 of the
annual glider production is delivered by the manufacturers
with retractable propulsion units. These glider construc-
tions in particular are equipped with two stroke engines
resulting high frequency sound emissions. Due to the
requirements of the sound insulation regulations, all
powered gliders are optimized to avoid sound emissions
especially with regards to the anti-noise lobby living near
airfields but they are not optimized to avoid noise in the
cockpit. To find out the noise level in the cockpit of those
powered gliders and how it affects the hearing of the
pilots, the cockpit noise of 6 touring motor gliders and 8
gliders with retractable propulsion units were measured.

Results: Both types of motor gliders are too loud for
pilots and may become hazardous to their hearing if they
are not equipped with personal noise protection. In
extreme cases an exposure time of 20 seconds to the cock-
pit noise of a glider with retractable propulsion unit may
cause permanent hearing damage.

Conclusion: Pilots must be warned to not fly motor
gliders without personal noise protection.

INTRODUCTION:

Over the past fifteen years self launching gliders with
retractable propulsion units have developed with incredible
speed. More than 1/3 of the annual glider production is
delivered by the main manufacturers with retractable pro-
pulsion units. These glider constructions in particular are
equipped with two stroke engines resulting in high
frequency sound emissions. Due to the requirements of
the sound insulation regulations, all powered gliders are
optimized to avoid sound emissions especially with regards
to the anti-noise lobby living near airfields but they are
not optimized to avoid noise in the cockpit. The negative
and painful effects which I experienced with my own powered
gliders since 1981 have led me, over the past two years, to
analyze a representative cross section of 14 motor gliders
from various manufacturers for their cockpit noise and to
assess the result for the pilots.

METHOD:

This analysis measured the interior noise level in the
cockpit of 6 most common motor touring gliders and 8
powered gliders with retractable propulsion units.
Cockpit noise of motor touring gliders was measured for
the following designs. Grob 109 B - Motorfalke SF 25 C -
Dimona HK36 MR2 - Taifun 17 E Super Dimona HK 36 -
ASK-16
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Fig. 1 - Motor touring glider

In these motor touring gliders the pilots sit in dual seats
beside each other. The propeller and engine are situated
in the nose in front of the pilots. The propeller is approxi-
mately 1 m away from the pilots ear. The engines are ei-
ther 4-stroke Limbach engines or 2-stroke Rotax 91 28.

The noise in the cockpit was measured at the level of
the pilot’s ear at various values of engine power: idling,
cruising speed and starting level.

In the same way, interior noise was measured in 8 pow-
ered gliders with retractable propulsion units, of which
one was a self sustaining “Discus CT”. All the others were
powered gliders with retractable propulsion units and self
launching capability.

Cockpit noise was measured for the following designs:
ASW-22 BE — ASW-24 E — ASH-25 M — ASH-26 E -
Nimbus 4 M - Ventus 2 CM DG-400 - Discus CT.

Fig. 2

Itis a particular characteristic of gliders with retractable
propulsion units that the engine is situated either imme-
diately behind the back of the pilot's seat and the propeller
disc area is only a few centimeters behind and above the
pilot's head when the engine is running. In older models,
such as ASW-22 BE, Nimbus 4 M or DG-400, the engine is
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also unfolded and located together with the propeller area,
directly above and behind the pilot’s head.

All noise measurements were made with an integrating
impulse sound-level meter DIN IEC 651 Class 2, Briiel &
Kjaer, type 226, using the slow mode measurement proce-
dure. The permissible variation of a sound-level meter of
this kind is a maximum of = 1,0 dB, thus allowing a reli-
able reading as to the sound hazard in the cockpit (2; 5).

For the purpose of medical assessment, noise is defined
as sound consisting of a mixture of frequencies, which may
damage the hearing or lead to particular accident hazards
(4; 7). Such sound is expressed as an instantaneous value
of sound-pressure levels measured in decibels A. A is the
corresponding DIN-IEC 651 frequency level of sound. It is
necessary because a person'’s hearing ability is less for very
low and very high frequencies, compared with the middle
range of the audible frequency spectrum.

The sound-level meter used is fitted with a built-in mea-
surement Filter A analogous to this lowering of auditory
capability. By means of this filtering characteristic, the ob-
jective sound-pressure measurement produced by the
meter is adapted to a person’s auditory impression (1;4;5).

Since not all motor gliders available on the market were
measured, the results of these measurements cannot be
generalized. Due to the same type of construction it can
be assumed that the results of the cockpit noise of those
motor gliders, which were not measured, are very similar.

RESULTS AND DISCUSSION:

Touring motor glider

typa I reag.-no. motor revimin cockpit noise
|Grob G 108 B D-KDBA Limbach 1500 Wmin 85 dB(A)
| B0 PS 2200 Uimin 92 dB(A)
2500 Wmin 95 dB(A)
+ radio 110 dB{A)
|
seat left| seat right
Super Dimona Rotax 812 1500 Uimin 90,0 dB(A) 89,5 dB(A)
HK 36 D-KAWS |gpPs 2200 Wmin 95,0 dB(A)| 95,0 dB(A)
2500 Wimin 100,0 dB{A)| 102,0 dB(A)
| Dimona D-KADA Limbach 2000 1500 Wmin 87,0 dB(A)|  B7.0 dB(A)
HK 36 MK 2 B0 PS 2500 Wmin 95,0 dBlN{' 97,0 dB(A)
2700 Wimin 98,0 4B(A)  105,0 dB{A)
|
Schelbe C - Falke Limbach 1500 Uimin 90,0 dB(A} 91,5 dB{A)
D-KAMM gD PS 2700 Wimin | 103,5 dB(A}| 101,5 dB(A)
Taifun 17 E D-KGAN |Limbach 1000 Wimin 77,5dB(A)| 77,5 dBlA) |
L 420 00 EB1B | 2600 U/min 93,0 dB(A) 95,0 dBlA)
BOPS 3000 Wmin | 100,0 dB(A)| 105,0 dB{A)
IASK 16 D-KFWP |Limbach 1300 Wimin 850dB{A} 85,0 dB(A)|
| B0 PS 2300 Uimin 99,5dB(A)| 99,5 dBlApi
i 2700 UWimin 106,0 dB(A) | 106,0 dB{A} |
Table 1
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Motor glider with retractable propulsion unit

type reg.-no | motor rav/min cockpit noise
front seat| rear seat
ASH2Z5M D-KONI Midwest 5000 Uimin 98 dﬂln}il 102 dB(A)
S50PS 6800 Uimin 100 dB(A)| 104 dB(A)
7200 Uimin 102 dBjA) | 106 dB(A)
|
ASH2GE D-KWST | Midwest 4000 Ulimin 97,5 dB(A)
50 PS 6300 U/imin 103,5 dB(A) |
|
1
ASW 22 BE |D-KWES |Rotax 505 A 6700 UWimin 109 dB(A)
! : — | .
|ASW 24 E D-KIMK |Rotax 24 PS5 2800 U/min 98,5 dB(A)
! | 275 MK/TW, 7188 | 7000 Uimin 106 dB{A)
|
! |
|
Nimbus 4 M |D-KOJO |Rotax 505 A | 6300 Uimin 117 dB(A)
Ventus 2CM |D-KBVB |Solo idle 100 dB(A)
full power 110 dB{A)
DG 400 D-KOBE |Rotax 505 3000 Uimin 52 dB(A)
5800 Ulmin 106 dB(A)
6100 Uimin 111 dEM}‘_
Discus CT D-KKAX | Solo full power 102 dB{A)
|
Table 2

Results showed noise pollution levels at the level of the
pilot’s ears in the cockpits of all motor gliders with retract-
able propulsion units amounting to more than 100 dB (A).
The noisiest of these gliders produced 117 dB (A) in start-
ing mode, even the quietest produced 103 dB (A). Only in
the front seat of the ASH-25 M were lower levels of 100 dB
(A) measured at starting speed.

On the other hand, the motor touring gliders had some-

what quieter cockpits. However, at starting speed none of
these motor gliders showed a noise level of less than 100
dB (A). Levels for the quietest motor touring glider at start-
ing speed were 100 dB (A), those of the noisiest 106 dB
(A). Atcruising speed, noise pollution in these motor glid-
ers dropped to 92 dB (A) for the quietest and to 99.5 for
the noisiest.

To assess the effect of the noise level on the pilot, ac-
count must be taken of the different way in which motor
gliders with retractable propulsion units and motor tour-
ing gliders are flown. Gliders with retractable propulsion
units and self launching capability are mainly designed
for gliding. A start using the engine lasts on average 10
minutes. Intermediate engine use in the case of thermal
calms as a rule only lasts a few minutes, in order to find
thermal again. Longer engine running times are as a rule
only for home flights, following abandoned gliding exer-
cises in the evening, after thermal lift is no longer avail-
able, or for longer transfer flights. In this process, flight is
by “saw-tooth flying,” i.e. the engine is only needed for
climbing. When the machine has reached the necessary
height under power, the subsequent flight is made in
gliding mode without the engine, in order to exploit the
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good aerodynamic properties of a glider for a maximum
flight time and distance. If the pilot uses a glider with a
retractable propulsion unit reasonably, the ratio of time
under power to gliding time will be about 1: 10. In this
way permanent exposure times to cockpit noise for a pilot
in a glider with retractable propulsion unit will be rela-
tively short, as a rule between 5 and 20 minutes.

A motor touring glider, on the other hand, is primarily
designed for motor flight and is flown relatively seldom
in pure glider mode. For this reason permanent noise ex-
posure times for the pilot in the cockpit are relatively long,
between 1 and 4 hours, depending on the flight.

710 -

According to the current regulations of the industrial
accident insurance companies, a ‘noisy area’ is defined as
a place with a noise level where there is a risk of damage
to hearing, because the worker at this place is exposed to a
permanent sound level of 90 dB (A) or more for over 8
hours (1; 5).

Human hearing, from sound just audible to the human
ear (auditory threshold) up to the level of sound just bear-
able without pain (level of pain), covers an enormous area
of intensity (4).
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Figure 3. Human hearing from the auditory threshold to the level of pain.

Man'’s hearing assesses any change in sound on a loga-
rithmic ratio. For this reason, when measuring noise af-
fecting the hearing of a person at his or her workplace, a
noise level is calculated using logarithms for the ratio of
sound intensity measured to a defined reference sound-
intensity (sound intensity at auditory threshold (1; 4; 5).

On this scheme the sound intensity level is

_l._dB

L, =10e log
lo

[ = measurement sound intensity
Io = reference sound intensity of auditory threshold

From this definition of the sound-intensity level it can be
deduced that, if the sound intensity is doubled, the level
will rise by 3 dB.

Liges = Lim1 + Limz

1
=10 e log L +10elog ML
lo Io
1, +1
:10.'09 _M.il_'Mi
(4]
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146 TECHNICAL SOARING




For example, if the first engine is started in a twin-
engined aircraft, developing a sound intensity M1 with 90
dB, when the second engine is started, adding M, = 90 dB
at the same number of revolutions, then the total noise level
rises to 93 dB.

And vice versa: if, in the same way, the sound intensity
is halved, then the sound level decreases by 3 dB.

If it is asked whether a particular noise effect is hazard-
ous to the hearing or not, then - given the relatively con-
stant cockpit noise in the aircraft measured reference can
be made in a rough way to assessment tables from occu-
pational medicine.

These tables assume that a constant noise exposure of
85 dB (A) at the workplace, during full shift work over 8
hours per day and five days a week, will very probably
lead to permanent hearing damage. On a basis of energy
equivalence for the assessment threshold of 85 dB (A), the
table shows assessment-level time-exposure coordinates,
demonstrating the same risk of hearing damage at higher
sound intensities (1; 5).

Assessment level Permitted
exposure time
dB (A) min | sec
85 480
88 240
91 120
94 60
97 30
100 15
103 7] :30
106 3| :45
109 1] :50
112 0| :56
115 0| :28
118 0 :14

Table 3 - Assessment level - Time exposure coordinates

From this it can be seen that, if the sound intensity is
doubled, i.e. if the assessment level rises by 3 dB (A), per-
mitted exposure time is halved in each case.

If we use these assessment-level time-exposure coordi-
nates to analyze the measurements for the different motor
gliders, then it will be seen that, because of the noise expo-
sure in the cockpit, the hearing of the pilot exposed to such
noise is undergoing a considerable hazard if he is not wear-
ing ear protectors (1; 5; 6).
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Accordingly, for the most noisy glider with retractable
propulsion unit, showing 117 dB (A) of cockpit noise, an
exposure time of 20 seconds without ear protectors would
be enough to lead to permanent hearing damage. Given a
starting time of ten minutes, such hazardous noise expo-
sure would be thirty times too high and would be associ-
ated with immediate permanent hearing damage to the
pilot. Even the most silent retractable-propulsion glider
has 103 dB (A) of cockpit noise, and pilots in this cockpit
must expect permanent hearing damage after a constant
exposure of about 15 minutes.

Therefore, as regards normal ranges of use for gliders
with retractable propulsion units, it can be seen that these
machines may seem quiet and environmentally friendly
from the outside, with their emission levels of around 60
dB (A), but in the cockpit for pilots flying without ear pro-
tectors they are very dangerous and are almost certain to
cause permanent hearing damage.

There is a similar hazard for pilots of motor touring glid-
ers, which, it is true, have quieter cockpits, but which, by
virtue of their type, are flown under power for consider-
ably longer.

For the most noisy motor touring gliders considered in
these measurements, showing 106 dB (A) in the cockpit at
starting speed, a maximum exposure time of 7.5 minutes
would apply, and at 99.5 dB (A) when cruising a maxi-
mum exposure time of about 20 minutes. For a flight of
only 1 hour these exposure thresholds will be three times
higher and certainly causing hearing damage to the pilot.

For even the most silent motor touring glider, showing
100 dB (A) in the cockpit at starting speed, the maximum
noise exposure time should still be no more than 10 min-
utes, and at 92 dB (A) during cruising a maximum expo-
sure time of 100 minutes.

A flight lasting two hours in this motor glider will cer-
tainly exceed the threshold and the pilot must expect per-
manent hearing damage.

In the most silent motor glider additional maximum
noise levels of up to 110 dB (A) were measured during
radio reception via the cockpit loudspeaker. The pilot had
to turn up the volume control of the radio to high so that
the radio messages could be understood properly and
clearly distinguished from the cockpit noise. It would take
only 3 minutes of radio communication under these con-
ditions during a long flight to reach the maximum noise
exposure time for the pilot.

Hearing damage can be shown in the cases of pilots who
have undergone lengthy noise exposure by using sound-
threshold audiometry, of the kind prescribed for commer-
cial pilots at every medical in Germany.

If permanent hearing damage has occurred, then one
finds typical reductions of the auditory threshold in the
frequency ranges concerned (5; 3).

VOLUME XXV, NO. 1 - January, 2001




125 250 500 1000 2000 4000 8000 Hz
-10 -
Normal o auditory threshold
A
10
o
-] 5 : 4
% TN \ v
= 30 i \_
= _ l--.--\ ----- nl\\lllcllll;.\
"= @ 40 2
“ -E.l 1 *
@ N \ iﬂ
£ 2 s0- : _
ST £ w D | .\c N !
o 3 Pe ) e
= 70 _._| minimum hearing
2 = d \ [ _.'_ﬂ___ requirement
Z 80 ; Class | medical
L) | j in Germany
xr |
80 45— ' I‘
| ? . kil
dB !

Hearing ability with audiogram

Hearing loss in decibels
A)
B)

Normal hearing

C + D) Pronounced deafness

Initial signs of deafness

Figure 4

In cases of repeated damage, the consequence is extreme
deafness of the pilot, making the use of a hearing aid a
necessity (1; 5; 6).

In such cases, the flying capability of even private pilots
is severely endangered.

CONCLUSION:

As long as only outward noise emissions are subject to
statutory regulation for these motor gliders, and there is
no licensing criterion for acceptable noise production in
the cockpit, this research shows that all pilots must be
warned not to fly these machines without personal ear
protectors (1; 6).

For optimum personal noise protection among pilots
“active noise reduced headsets” as found in flight equip-
ment stores, are to be recommended. By encapsulating the
ears and providing an active counter-sound these can re-
duce noise exposure levels by up to 30 dB (A). If this solu-
tion is too expensive, the pilot should buy earplugs at the
nearest supplier.

Earplugs have a noise insulation level of 33 dB. Ear-
plugs are cheap and provide sufficient protection, so that
the pilot should not only use them himself, but provide
them for his passengers as well, in order to avoid hearing-
damage. Anyone who fears that, with plugs in his ears, he
will not hear radio conversations so well, need not be
alarmed. The fact that the surrounding noise level in the
cockpit is dampened by the earplugs means that conver-
sation on the radio will be even more clear when the pilot
has plugs in his ears. However, you have to get comfort-
able with earplugs first.
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In conclusion, I suggest that manufacturers should write
a warning message in the manual of their motor gliders
indicating that it could be hazardous for the pilot’s hear-
ing if flying the motor glider without ear protection.
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