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noise reduction in aircraft By Don Orend (From Chapter 166 Newsletter, Hartford, CT)
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E WILL DISCUSS the mechanism by which sound transmits through typical aircraft walls to the interior, and what can be done to reduce the level of sound transmission. Attention will then be shifted to the principles of absorbing airborne noise in the cabin and a typical interior treatment will be outlined. We should start by understanding that noise is simple unwanted sound that has become objectionable due to its high level. Keep in mind also that sound is mechanical energy traveling through the air in a continuous wave of pressure pulses. Most objectionable noise originates outside the aircraft and comes into the cabin through the windows, walls, floor, firewall and so forth. Our first objective is to prevent as much outside noise from transmitting through these walls as is practical. But first we must understand the mechanism of the sound transmission. Transmission of sound through a cabin wall is explained by the fact that a sound wave upon striking a wall forces it into vibration; thus the wall itself becomes a source of noise. It follows then, that if vibration of these walls could be eliminated, little or no sound would be transmitted. Unfortunately, the only way to eliminate



used, some experimenting would have to be done to determine the optimum foam thickness. Keep in mind also that some areas such as doors have limited overall thickness and some space should be allowed for airborne sound absorbing material — to be discussed later. Having stiffened the wall panels, our concern now



is to dampen as much flexural vibration as possible. Remember that a vibrating member has mechanical energy. In order to dampen out vibrations that energy



must be absorbed and dissipated by whatever damping material we apply. If the vibrational energy is absorbed and stored rather than dissipated, little damping will be accomplished. To illustrate the difference between stored and dissipated energy, let us make an example



of a typical automobile wheel suspension system. If we drive over an object in the road, energy is imparted to the wheel which drives it sharply upward, compressing the spring. The function of the shock absorber is to arrest the upward travel of the wheel by absorbing and dissipating some of its energy. In the interest of a soft ride, the shock absorber is not designed to absorb all of the energy at once and so some energy is stored in the compressed spring. When the spring forces the wheel



wall vibrations completely is to increase the mass of



back down against the road, the shock absorber again



the wall (thus increasing inertia) to a level high enough to absorb all the energy of the sound wave. This approach is utterly impractical in view of the amount of weight that would have to be added. The age old problem then is to simulate the round reduction characteristics of a heavy wall, while keeping added weight down



absorbs and dissipates more of the energy. In choosing a damping system or damping material,



the object is to have it function as the auto shock absorber does, absorbing and dissipating energy — rather



Flexible panels on the other hand tend to vibrate freely when disturbed by sound waves. Rigidity is a desirable characteristic we can work toward by adding stiffeners to panels where possible. For example, a typical homebuilt door might be fabricated by securing thin sheet aluminum to a tubular steel frame. The fairly large un-



than storing energy as does the spring. The Lord Manufacturing Company which has engineered vibration mounting equipment for engines and virtually every type aircraft component, has developed a line of vibrator damping products for treatment of aircraft panels. These materials are designed to have high loss factors (a measure of damping efficiency calculated by dividing energy stored into energy dissipated) over a wide range of temperatures. The material is available in liquid form and can be applied by high pressure spraying, brushing or rolling. It also comes in 12" square tiles designated LD-400 with a special epoxy for low pressure bonding to panels. The liquid damping material



supported panel is flexible and, therefore, easily vibrated by sound waves which are then transmitted to



is designated LDS-500 and LDS-510. Both liquids cost about $60 for a 5 gal. can. One gallon will cover 20 to



the cabin interior. Adding stiffeners to this typical panel will increase its rigidity and thus tend to reflect incident sound waves and dampen vibrations. A second benefit from adding stiffeners is that panel size is broken up. Each sub-panel becomes inherently stiffer as its



26 sq. ft. (depending on which liquid) with a 1/32" thick coat. The Lord people tell us that optimum damping is obtained when the applied coating thickness equals the panel thickness. Density is approximately 80 lbs./cu. ft. when dry. The flame point is in excess of 400 deg. F. and



size is decreased. Curving sheet metal where possible will also increase rigidity, although opportunity is limited when



the material is self-extinguishing. For complete information contact: Allforce Acoustics, Lord Corporation, Erie,



to an acceptable level. Heavy walls are inherently rigid, and the amount of sound energy converted into flexural vibration is small for rigid walls. Furthermore, rigid walls tend to



reflect most sound waves rather than transmit them.



building a typical design with flat-sided fuselage. At this point, it may seem only logical to run out and buy a stack of rigid foam blocks and some suitable epoxy with which to stiffen panels. Bonded on rigid foam would no doubt eliminate "oil canning" of panels and go a long way toward damping vibrations. It would also provide good thermal insulation. However, this approach loses the effect of breaking up panel size and may result in a



panel that still vibrates only at a lower frequency. If



PA 16512. Telephone 814/838-7691. Based on a coating thickness of 1/32" you can expect to add .208 Ibs. for each square foot of surface treated. One word of caution — this material causes galvanic action when applied on or near magnesium. Therefore, when coating magnesium bearing alloys of aluminum such as 2024, you must first apply a coat of epoxy to form a barrier to the galvanic corrosion process. Up to this point we have concentrated our efforts on decreasing sound transmission through the cabin SPORT AVIATION 37



walls. Obviously, a considerable amount of noise is still going to come in and will be added to the lesser



noises being generated inside the aircraft — the structure-borne noises generated by vibrating seats, floor, accessories, and so forth. The treatment is to elastic shock mount where possible or to apply some other damping technique. Assuming every effort has been made to do this, we are ready to turn our attention to absorbing the airborne noise reflecting from wall to wall inside the cabin. Everyone is familiar with the reverberating echoes



that occur in rooms with poor acoustical characteristics. Sound will echo between the walls by reflection until



its energy has been dissipated by encountering sound absorbing material. It will help in understanding how sound is absorbed if we again think of sound as purely mechanical energy — pressure pulses traveling through the air in wave



motion. Sound absorbing materials function by converting this mechanical energy into heat through the process of friction and viscous resistance. Using a sponge saturated with water as an example, we can observe the water moving in and out of the sponge pores each time it is squeezed and released. The flow of water in



the pores of the sponge is impeded by friction with the walls and viscous resistance as the water is made turbulent. This same thing happens when air is pumped in



and out of a typical sound absorbing material, (such as



fiber-glass) by the pulsing of a sound wave. The sound energy is converted into heat by the friction and viscous



resistance which is then dissipated within the passages of the material.



For maximum efficiency, sound absorbing material should have two important characteristics: first, it must



have low density and second, be highly compressible. Other considerations in choosing acoustical materials are as follows: 1) it must be light weight, 2) have adequate strength to allow handling, mounting, and resisting vibration, 3) have low thermal conductivity, 4) be flame resistant. 5) must not absorb or hold moisture,



6) not attract, nourish or conceal vermin and 7) not deteriorate rapidly. A material that fills this bill very nicely is fiberglass blanketing such as the matte used to insulate home heating furnaces. Sound reduction will be approximately proportional to the blanket thickness, but '/•>" should be



Now that we have a good idea as to how everything is supposed to work, let's put together an aircraft cabin wall, with what should be good acoustical properties. Assuming for the moment the outer skin is aluminum,



we start by adding stiffeners where panels are large and flexible. These can be epoxied in place. Next the damping material is applied. Fiber-glass matting is



next. It can be bonded to the damping material, or suspended as a curtain (that can be removed for service) or it can be bonded to the backside of the upholstery support material. For fabric and wooden airplanes either of the two latter techniques should be employed. Next in order is a panel to form an impervious barrier and serve as a backing for the upholstery. The panel materials most commonly used are thin aluminum, ABS plastic and t h i n hard board. Having installed such a



panel, our cabin wall is now a sealed chamber with at



least one airspace, (which also helps absorb sound, since its properties include low density and high compressibility). On the outside of the upholstery panel a thin layer of absorbing material is bonded on. Soft foam or fiber-glass are commonly used 3/16 x 1/4" thick. Finally, the upholstery is applied. Most any woven fabric or light rugging will work well. If an impervious barrier material such as vinyl or leather is used, sound absorption will be reduced and reflection will be increased. Perforated vinyl may be used if the number and size of holes are



sufficient to allow sound to penetrate into the absorb-



ing material. A partition of similar construction to the upholstery panel should be fit up as a bulkhead behind the rear seat. Its purpose is to isolate the cabin from the tailsection of the aircraft which tends to amplify sounds



like a megaphone.



In high wing aircraft the wing root is close to ear



level and deserves special attention. The root rib should be covered with a suitable thin panel and fiber-glass



or rigid foam should be installed in the wing root bay.



Overhead panels must also be given full treatment since



they too are near ear level. I hope this information will be useful to the homebuilder interested in controlling cabin noise. There is a weight penalty attached to acoustical treatment, to



be sure. However, don't forget weight, added within reason, does not adversely affect cruise speed, and the



comfort gained on long cross country trips should prove most satis-flying. Now then, can we have it quiet please?



adequate.



(Photo by Dick Stouffer)



Clyde Buckley of Muskegon, Michigan owns this modified Spezio Sport. The canopy is a must for year round utilization in Michigan.
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