Nuts & Bolts
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JIM KOEPNICK

HINK ABOU OUR EAR FOR A
moment. Anatomically, it's
a drum-like membrane,
stretched so taut that it
causes three bones to move
to its beat. That movement
causes the cilia—microscop-
ic hairs—within the ear to
do their little dance, which
your brain interprets as
“unusual.”

In a nutshell, your airplane works
the same way.

Sounds, and its evil twin, noise,
are types of energy you can hear.
That energy pushes and pulls at the
surrounding air, causing pressure
variations, or sound waves. The
more solid the object—say, alu-
minum or fiberglass—the faster
sound travels through it. With each
vibration of the aircraft skin, the air
next to the skin is compressed.
That, in turn, causes a slight
increase in air pressure. As the air
expands again between each vibra-
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Sounds of
Silence

Five ways to reduce noise in your airplane

GREG LASLO

tion, the air pressure drops. It works
the other way, too. Muss up the
flow of air around a fuselage by
moving it forward, and that turbu-
lence generates its own sound
waves. If you put an ear in the
vicinity of those fluctuating waves
of sound energy, you can’t hear
what you’re thinking.

But there are some tricks to treat
different kinds of sound and quiet
your aircraft. A combination of bar-
rier, absorption, and dampening
materials—as well as electronic
devices and a conservative flying
style—all can help you make your

A et
airplane one of the quietest
you've ever flown.

Air Time
In an airplane, there are
two kinds of noise: airborne
and structural. Airborne
sound is the result of ener-
gy transferred to the aircraft
when air collides with the
aircraft surface as it moves through
the air. This includes high-frequen-
cy noise from the whoosh of wind
rushing past the airframe, says Jon
Tellock, an acoustical engineer for
Skandia Inc. Skandia sells a variety
of aircraft sound-dampening prod-
ucts for general aviation aircraft,
and Tellock helps design sound-
proofing packages for production
and homebuilt aircraft.
Structural-borne sound is trans-
mitted through a solid. In an air-
plane, it’s the result of the airframe
shaking to the vibration of mechan-
ical energy. For example, your



engine jiggling away on its engine
mount transfers that energy to the
airframe as vibration. Aluminum
and composite skin are particularly
effective in transmitting that low-
and mid-frequency noise, Tellock
says.

Why bother making aircraft qui-
eter? After all, shouldn't an airplane
sound like an airplane? It depends
on whether you think your airplane
is too noisy. But sound levels aren’t
just about comfort. A single-engine
cockpit typically experiences noise
levels between 70 and 90 decibels,
according to the FAA’s Civil
Aerospace Medical Institute. That’s
well below painful thresholds,
which occur around 130 dB, but it’s
enough noise to make conversation
difficult without headsets, and with
continued exposure it will cause
long-term hearing damage. Those
noise levels also increase pilot and

passenger fatigue, distraction,
headache, and vertigo. Exposure to
sounds over 90 dB for several hours
makes tasks that require vigilance
and concentration more difficult.
When it comes to soundproofing,
effectiveness means weight, so you

In an airplane,
there are two kinds
of noise: airborne

and structural.

have to trade a totally silent cockpit
for one that’s practical. Tellock says
a complement of soundproofing
materials will reduce the noise level
inside the airplane by as much as 6
or 7 dB. A 3 dB reduction of sound

is noticeable, and a 6 dB aircraft
would be about twice as quiet, or
possibly the quietest airplane you've
ever flown.

The secrets to stopping sound are
threefold: stop noise from occur-
ring, stop it from building up, and
block it out—and they're most effec-
tive the closer they’re done to the
source of the noise. Here are five
suggestions for soundproofing your
airplane.

1. Dampen the vibration.
Dampening materials reduce the
structure-borne sound or aircraft
vibration. They work like water in a
glass, Tellock says. An empty glass
will “ding” brightly when you
strike it, but when the glass is filled
with water, the sound is deadened.
In acoustical parlance, the “ding
goes dark.” That’s what you want
to happen in the dark recesses of
your fuselage.
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Affixing skin-dampening treat-
ments, closed-cell foam, or sheets of
PVC to parts of the fuselage and
interior trim panels deadens the
skin’s ability to resonate. The self-
adhesive materials are attached to
the aft two-thirds of the fuselage
skin, door panels, floor panels, bulk-
heads, and firewalls.

Other modifications can be made
to cut sound, too. New, properly
sized engine mounts prevent the
transmission of structural noise by
preventing engine vibration from
reaching the airframe. Thicker win-
dow acrylic vibrates less vigorously
than thinner windows. “It takes
more energy to make it resonate per
square foot,” Tellock says. “And
curved windows are quieter than
flat surfaces because it’s easier to get
a flat surface to resonate than a
curved one.”

2. Block the noise. Surprise—the
big noise producer on an airplane is
the engine, but it gets a lot of help.
The shape of an airplane and its
materials can make it a big mega-
phone. In many cases, the cockpit is
much noisier than it needs to be
because nothing is keeping the
sound out.

“The majority of sound is gener-
ated by the engine,” Tellock says.
“So you put up a barrier to keep the
sound from coming into the cock-
pit.”

Installing sound barrier materials
keeps the loud stuff out. These
materials are heavy limp masses
that act as acoustical reflectors
interrupting the path of a sound
wave. Attached to airframe compo-
nents, they keep sound from pene-
trating the interior. Barriers include
rigid composite foam trim panels
and barrier blankets.

3. Absorb the sound. Barriers are
a first step, and they will stop some
of the noise at the source. When
you start with less sound in the
cockpit, your absorption materials
will do an even better job of quiet-
ing your space. Consequently,
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dampening and absorption materi-

$2,000, 50-pound commercially

als are usually used together—in Aircraﬂ nOise-atten- available sound insulation kit is that

fact, some absorption materials are
sold “thin-film bagged” inside
dampening materials.

Once sound enters the cockpit, it
will bounce around until it’s
absorbed by something. Sound-
absorbing materials take sound
waves and convert them back to low-
grade heat, which is dissipated into
the foam. Voila—no more reflected
noise. Absorbing materials include
polymide thermal/acoustic foam,
films, and fiberglass. Generally, the
thicker the material, the more low-
frequency absorption.

That said, any soft material will
absorb sound waves, and the more
plush the material, the better it will
work. Softer interior outfitting
materials, such as woven carpet and
cloth seat covers, work better at

uation blocks noise
by creating and
broadcasting “anti-
noise” waves,
which are mirror
images of the sound

waves.

absorbing noise than leather or syn-
thetic materials.
The major problem with a

spending half as much doesn’t give
you an airplane that’s half as quiet,
Tellock says. The sum result is
greater than the parts. Leave one
out and you're letting sound in.

4. Attenuate the noise. For every
problem there is a technical solu-
tion, and the electronic solution to
a noisy cockpit is a noise-attenua-
tion system for the airplane. It
comes in two forms—a noise-atten-
uation system built into the aircraft
and a noise-attenuating headset.

Aircraft noise-attenuation blocks
noise by creating and broadcasting
“anti-noise” waves, which are mir-
ror images of the sound waves. Like
adding a negative to a positive, one
cancels the other out. The down-
side: these systems are expensive.

The second solution is a noise-
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attenuation headset, which comes in
active and passive flavors. Active sys-
tems work like the total aircraft sys-
tems to reduce noise, plus they
improve radio signal-to-noise ratio
and enhance sound quality. A micro-
phone picks up the frequency and
amplitude profile of noise inside the
ear cup, and the signal is amplified
and inverted to provide the cancel-
ing sound waves. Their electronic
boxes often remove more than 10 dB
in the low-frequency ranges, and
they work better in quieter environ-
ments because they can isolate the
particular noise to attenuate.

The least-expensive alternative is
a passive headset. Like a pair of
earplugs, it simply uses extra sound
barrier foam to muffle the pilot’s
ears.

5. Slow down. If engine and pro-
peller noise cause high sound levels
in single-engine airplanes, then it

hu._ s i ]
goes without saying that cruising at
reduced engine speed will lower
sound levels.

You can make all phases of flight
quieter by operating with lower
power settings, if you also keep an
eye out for safety. On takeoff,
reduce power as soon as it’s safe to

JETFOX—LEEANN ABRAMS

A noise-attenuation headset—ac-
tive or passive—will help cancel
sound waves. Like a pair of
earplugs, a passive set uses extra
sound barrier foam to keep out ex-
cess noise.

do so. On landing, maintain alti-
tude as long as possible and use
short field landing techniques
instead of flying long approaches at
higher power settings and full flaps.
In addition to keeping cockpit noise
down, you'll save fuel and be a bet-
ter neighbor to homeowners near
your airport.

If you're bothered by the noise
inside of your airplane, you have
several options for fixing it. From
operating your engine more effi-
ciently, to using a noise-reducing
headset, to installing complete
soundproofing systems, it’s possible
to make a major difference in the
acoustic characteristics of your air-
plane, which lets you slip away for a

little peace and quiet. EAA.
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