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Your cockpit is a nice quiet place
until you put it to work. Here's what
1 mean.

You cause the starter to grind
away until the engine bursts into ac-
tion doing what you want it to do ...
that is, comfort you with its respon-
sive although noisy presence.

Then you turn the radios on adding
to the ever present noise of the en-
gine and the exhausts. Their sporadic
barrage of chatter, static, and squeals
intensifies the cockpit din.

At first all these noises seem mod-
erate but as soon as you start your
takeoff, two more culprits join this
noise making trio - propeller noise
and wind noise. Now, your nice little
airplane is at its acoustical worst
and your hearing is taking a beating.

As you level off, the engine, ex-
haust and propeller sounds
moderate as the engine settles down
to a steady purr ... or is it really a
roar? The slipstream noises con-
tinue to build up in volume as your
airspeed increases, and by the time
you reach cruise speed it becomes
the dominant noise source.

All this is quite familiar to you 1 am
sure. But, have you ever given much
thought to the cumulative effect all
these noises have on your hearing?
Or the annoyance it can generate in
the general public exposed to your
aircraft's presence, arrival and de-
parture?

1 think you can agree with the
premise that aircraft noises are, for
the most part, continuous. They are
loud, and they are detrimental to the
hearing of anyone exposed to them
for long.

Just how noisy is the average
homebuilt? Figure 1 shows where
most homebuilts fit in with the world
of noise around us.

OSHA (the Occupational Safety
and Health Administration of the U.
S. government) has determined that
noise levels over the course of a
working day that do not exceed the
limits they recommend should not
produce hearing loss . . . but don't
bet on it (see Figure 2).

A Bit About Sound Intensity

In describing noise levels, the
decibel (dB or dBA) is the commonly
used buzzword. Although used by
most everyone, it is understood by

very few of us. dBA. Carrying this a bit further, 60
The term identifies sound pres- dBA is four times louder, and 70 dbA

sure levels. For example, the would be eight times louder,
threshold of hearing is 0 dB. As the Keep in mind the fact that the
intensity of noise increases, the decibel scale is logarithmic, not
sound threshold level of pain will be arithmetic. Therefore, what may ap-
reached at 140 decibels (dBA). pear to be a small dB reduction is
Although dB and dbA are often used really worth the effort you make to
interchangeably, there is a differ- achieve it.
ence. dBA is essentially the same The science of sound measure-
pressure reading but the use of an ment is complex, and to avoid
"A" filter gives more weight to fre- getting into theoretical and aca-
quencies most sensitive to the demic analysis regarding the taking
human ear (500 to 10,000 Hz). of sound level readings and their in-

Here is something to keep in terpretation, it is better that I
mind. What may seem to you to be concentrate, instead, on what we
a small decrease in whatever dB can do when our cockpit sound lev-
reading you might achieve is actu- els are too high,
ally a larger decrease in the Unfortunately, the only way you
perceived sound intensity to your can get a truly quiet cockpit is to sit
ears. Unfortunately, the converse is in it on the ground with the engine
also true. shut down.

For example, a 1 0 dB increase on Nevertheless, I believe you can, if
the meter would represent a tenfold you want to, effect a practical reduc-
decrease in loudness. tion in your cockpit noises. The

As for the apparent impact on the results can be dramatically notice-
ears, each rise of 1 0 dB amounts to a able without your having to resort to
doubling of the sound level. Therefore, expensive, performance limiting
50 dbA would be twice as loud as 40 modifications. Interested?

TYPICAL NOISE LEVELS

ACTIVITY ...................................................SOUND LEVEL (decibels)

THRESHOLD OF HEARING (SILENCE) ............................................0
NORMAL CONVERSATION.....................................................̂  - 60
AVERAGE AUTO (TURNPIKE SPEEDS)..................................45 - 70
AVERAGE HOMEBUILT CABIN ............................................90 - 105
RIVETING ...............................................................................95 -140
POWER MOWER.................................................................110 - 115
PAINFUL TO UNPROTECTED EARS ..................................1 1 0 - 1 20

NOTE-

APPARENT LOUDNESS .........................................DECIBELS (dBA)

DEAFENING.........................................................................130-140
VERY LOUD ...........................................................................80 - 1 20
LOUD........................................................................................60-70
MODERATE .............................................................................40 - 50
FAINT .........................................................................................0-30

FIGURE 1.

80 JUNE 1992



The tightly fitting cowlings installed on most high performance homebuilts simply
make the installation of a bulky muffler impractical.

Let's look at the noise contributing
culprits and see what you can do to
diminish their assault on your ears.

Those Engine, Exhaust and
Propeller Noises

More than 60 years ago an inter-
esting "noise elimination study" was
included in the 1932-1933 research
program of the Sperry Gyroscope
Company. Here, briefly, is a sum-
mary of their findings.

Installing a good muffler will not
get you a noiseless cabin. For ex-
ample, assuming a noise level of 112
decibels (dB), about 35% of the noise

is from the unmuffled exhaust and
only 30% from the engine (valves,
gears, clatter, carburetor hiss, etc.).
The rest comes from the propeller.

Exhaust .............108 dB
Engine...............106 dB
Propeller..............98 dB
Total...................112 dB
The exhaust, being the loudest of

the three noises, masks the others
and stands out conspicuously. It is,
therefore, natural that it receives
most of the attention and much em-
phasis is put on mufflers. In this
regard, a good muffler will reduce
the exhaust by about 10 decibels,
bringing it down to 98 decibels.

But the whole engine installation
continues its roar at 108 decibels,
except that now the propeller, being

The firewall and floor sections of this RV-6A are being fitted with sound deadening
aluminum/foam blankets. Overlaying the insulated firewall and floor with carpeting
will help further suppress cockpit noise.

the loudest, is the conspicuous of-
fender. To reduce propeller noise,
the tip speed must be reduced. A
reduction of 100 ft. per second will
give as much as 10 decibels reduc-
tion in noise level. Hence, the
muffled engine will still have:

Exhaust muffled .. . . . . . . . . 98 dB
Propeller, geared three-blade .. 96 dB
Engine.. . . . . . . . . . . . . . . . 98 dB
Total... . . . . . . . . . . . . . . 105 dB
From 112 decibels to 105 deci-

bels; only 7 decibels reduction for all
that effort?

Obviously, the solution for a quiet
airplane does not lie in taking care of
the engine or propeller noise, or even
both, but in taking advantage of ev-
ery other means at our disposal to
contribute to its quietness.

This means we have to rely greatly
on sound insulation. Not only must
we try to keep sounds out of the
cockpit, we must pay attention to ab-
sorbing the sounds which do get in.

The preceding conclusions
gleaned from that study are just as
valid today as they were in 1933.
Let's expand a bit on those basic
findings. First, the muffler situation.

Mufflers Are Nice, But...

Unfortunately, most homebuilts
are not equipped with mufflers. Most
of us feel that the modest amount of
quieting you get in exchange for ex-
pensive and heavy mufflers will only
result in increased back pressures
and decreased available power at
higher throttle settings.

Ordinarily, building an effective
muffler is difficult so most builders
who do try to install one try to retrofit
a commercial muffler from some
store bought aircraft.

Anyway, we don't like to squander
our money or modest horsepower on
noise reduction. Besides, the tightly fit-
ted cowlings on most high performance
homebuilts simply makes the installa-
tion of a bulky muffler impractical.

Incidentally, do not dismiss the
possibility that, in time, all U. S. air-
craft, homebuilts included, will have
to be quipped with suitable mufflers.
For the present time, however, we
can "get away" with all the noise our
engines will make.

Incidentally, the "ultralight folks"
are way ahead of the "experimental
homebuilder types" for they do man-
age to subdue and muffle the
whining howl of their two cycle en-
gines quite effectively. Of course,
most of the ultralighters are not con-
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ACCEPTABLE NOISE EXF
WORKING DAY DAY DURATION (hours)

(FLIGHT DURATION)

8..........................................
6..........................................
4
3..........................................
2
1 1/2....................................
1..........................................
1/2
1/4

FIGURE 2.

>OSURE
SOUND LEVEL (dBA)

.....90

.....92

.....95

.....97

...100

...102

...105

...110

...115

cerned with cramming the engine,
mufflers and all into tightly fitted
pressure cowlings.

There are homebuilders who be-
lieve they can reduce the loud

staccato-like engine noises by in-
stalling a crossover exhaust system
and/or by modifying the exhaust
pipe outlets. That is, by squeezing
them down to about a 1/4" slot and

The fuselage sides of this Emeraude were insulated to further quiet the cockpit en-
vironment. Wood and composite aircraft are inherently quieter than metal aircraft
due to the sound deadening qualities of the construction materials used.

The sound deadening qualities of an insulated cockpit are enhanced by the addition
of fabric upholstery as shown here.

adding holes in the flattened pipes
just above the outlet openings.
These do alter the engine sound
patterns somewhat but I doubt that
they affect the cockpit decibel level
measurably.

Well, What About Propeller Noise?

The claim is sometimes made
that as much as 90% of the takeoff
noise generated comes from the
propeller.

Propeller noise can be cut by re-
ducing its tip speed. This means
reducing its rpm or diameter.

A smaller diameter 3-blade pro-
peller, therefore, should be quieter
than a 2-blader.

However, to settle for a smaller
propeller would run counter to the
premise that the larger the diameter,
the more efficient the propeller.

That may be true but, neverthe-
less, multiple bladed propellers,
because of their smaller diameters,
are quieter than 2-bladers. Hence, a
3-blader is somewhat quieter than a
2-blader and a 4-blade prop would
be even quieter, etc.

Another very good reason for us-
ing multiple bladed propellers is that
they can absorb higher horsepowers
without the propeller diameter be-
coming so large that ground
clearance is jeopardized ... and tip
speed becomes dangerous.

Incidentally, there are many who
believe wood props are smoother
running and quieter than metal props
... or do they just seem to be?

How Do All Those Other
Noises Get In?

Obviously, the airtight sealing of
the firewall and windshield/canopy
areas is a top priority matter if you
hope to achieve a significant decibel
reduction.

This is so because sound will
travel through very small openings
with a surprisingly small loss of en-
ergy. In essence, every air leak is
actually a noise leak.

A poorly fitting canopy or door
might as well be fully opened as
far as the noise effect on your ears
is concerned.

Try to completely seal the wind-
shield and canopy edges and gaps
with rubber or foam weatherstrip-
ping. There is a size and shape to fit
almost any location. The most diffi-
cult to seal areas are those along
the bottom edges of a sliding
canopy. A bit of ingenuity helps.

Incoming air through the cockpit
vents can be extremely noisy when
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the vents are of the clam shell
(scoop) variety.

NACA ducts are the quietest type
cockpit vents you can install. The
reason being that the incoming air
slows considerably due to the de-
sign of the duct. . . the slower the
air movement, the quieter the venti-
lation system will be.

In a high performance (fast) air-
craft, wind noise due to air leaks is
perhaps the biggest contributor to
the overall cockpit noise level.

Structural vibration is still another
noise source. It is induced by en-
gine vibration and aerodynamic
buffeting.

Structural vibration is more of a
noise problem in metal aircraft ("oil
canning") than it is in composite or
wood structures.

And, finally, has it ever occurred
to you that the conversation (shout-
ing) between the pilot and passenger
also adds to the decibel prolifera-
tion? The installation of a nice little
voice activated intercom would,
therefore, eliminate this noise source
from the cockpit environment.

Insulating the Cockpit
Against Noise

The most practical way to effect a
reduction in the cockpit sound
levels is by installing sound sup-
pressing materials on the firewall, on
and under the cockpit floor and on
the cockpit sides.

The easiest time to do this is dur-
ing the construction of the fuselage.

Changing the typical homebuilt
1/8" windshield for a 1/2" one is im-
practical for most of us. Yet, it is a
highly recommended means for
dampening aircraft sound signifi-
cantly - especially for the 200 mph
class of homebuilts.

A heavy 1/2" thick windshield
would also be good protection
against bird strikes.

Soundproofing and
Insulating Materials

The most effective soundproofing
materials are heavy because lead,
lead vinyl or lead foam are used in
their fabrication. They are also ex-
tremely expensive.

Other types of insulating materi-
als, although not as effective, can
still contribute noticeably to cabin
quietness.

Some of these include acoustical
foam sandwiches faced with an
aluminum foil surface and a self-ad-
hesive backing, foam blankets,

The "ultralight folks" are way ahead of the "experimental types" - they do manage
to subdue and muffle the whining howl of their two-cycle engines quite efficiently.

mats, and a variety of carpet-like
materials. Just be sure the insula-
tion you select doesn't add more
weight than noise suppression.

The best sound insulating materi-
als are dense and are noticeably
heavier than other similar materials.
They are also, characteristically,
fairly thick and limp in contrast to
materials that have hard sound re-
flecting surfaces.

Multiple layers of different materi-
als are very effective in deadening
sound. For example, on metal cock-
pit sides you could stick on a
soundproofing tape like 3M's Y-370
to absorb vibration, and to eliminate
the familiar "tin can" sounds in a
metal airplane. These taped fuse-
lage sections can be overlaid with
insulated panels covered with up-
holstery fabric.

You can overlay the cockpit floor
in a similar fashion by installing
pieces of acoustical foam (usually
made up of a sandwich of a
polyurethane damping foam backed
by an aluminum foil layer on one

side and adhesive on the other)
nested between the bulkheads and
stringers. On top of this layer install
a sheet of 1/8" plywood to stiffen
the flooring. Complete the installa-
tion with an overlay of suitable
carpeting.

The three layers and the
airspaces between them make a
very effective sound deadening in-
stallation.

Some of the foams, mats and fab-
rics you might consider using as
sound barriers may not be fire resis-
tant or fire retardant.

None of us likes to consider the
possibility of fire, but some materi-
als do bum and may give off acrid or
even deadly fumes.

Just how fire resistant should the
materials be that you use in the
cockpit for sound barriers, uphol-
stery and carpeting? This you have
to decide ... by the way, how well is
your firewall sealed?

As you well know, everything you
put in an airplane adds weight, and
sound deadening insulation is no

He practices what he preaches. Dr. Hal Harle, our very own medical advisor, RV-3
and RV-6 builder, firmly believes we should all wear both a good noise attenuating
headset and earplugs.
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Aluminum/foam insulation can be quickly cut on a band saw. The self-adhesive
backing eliminates the need for using messy spray-on adhesives. However, don't
remove the protective backing paper until the panel has been trimmed and fitted.

exception. So, be sure you are will-
ing and able to accept the weight
penalty for the sake of a quieter
and plushier interior.

Headsets and Ear Plugs A Must

After all is said and done, many
builders opt to do little or nothing
to insulate their homebuilts against
noise. At best, they might weather-
strip the windshield/canopy areas
and, instead, invest in a good com-
fortable headset.

Experience (and the USAF) has
proven to me that operating with-
out some form of hearing protection
in most airplanes will produce hear-
ing loss and, ultimately, a
permanent reduction in hearing
acuity.

At the very least a good comfort-
able headset should be considered

mandatory equipment in your air-
plane.

Those relatively new noise can-
celing headsets are very effective
but, as yet, very expensive. How-
ever, even some of the lower priced
headsets cover the ears comfort-
ably and provide a reasonable
degree of protection against out-
side noise.

Prudent pilots also use ear plugs
with their headsets. These foam
gadgets may surprisingly allow you
to understand FAA controllers'
transmissions more clearly even
while effecting a decibel reduction
as much as 18 dB . . . possibly
more.

So! Here is a way to cut cockpit
noise without adding a lot of extra
work, extra cost, and a lot of extra
weight.

Not all insulation is the same even though a few might look alike. Some of the
foam used will support combustion. Others are very light weight and provide very
little sound deadening . . . yet all have an easy to install self-adhesive backing.

Sound Deadening
Materials Sources

In your local or big city telephone
directory (Yellow Pages), look under:
Acoustical; Foam/Plastic; Insulation;
Upholstery.

The 3M Company - Soundproof-
ing tape, Y-370.

Aircraft Spruce & Specialty
Catalog . . . look under: Sound;
Weatherstripping.

J. C. Whitney Co. Automotive
Catalog (borrow one). See
Insulation.

EAR Specialty Composites, phone
317/872-0618 (Indiana).

Superflite Catalog (1-800/323-
0611 Indiana) . . . look under:
Soundproof Insulation. •

If you wish to contact the author of
this column for additional information,
please send a SASE to Tony Bingelis,
8509 Greenflint Ln., Austin, TX 78759.

BOOKS BY TONY
The following books by Tony

Bingelis are available from the EAA
Aviation Foundation, EAA Aviation
Center, Box 3086, Oshkosh, Wl
54903-3086,1-800/843-3612, in Wl
1-800/236-4800, in Canada 414/426-
4800. Major credit cards accepted.

-Sportplane Builders (Aircraft
Construction Methods, 320 pages) -
$19.95

-Firewall Forward (Engine
Installation Methods, 304 pages) -
$19.95.

-Sportplane Construction Tech-
niques (A Builder's Handbook, 350
pages) - $20.95.

Add $2.40 postage and handling for
each publication ordered . . . or order all
three for $52.97 plus $6.95 postage
and handling. Wisconsin residents add
5% sales tax.
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