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COMPARISON OF FLAT CEILING SPEAKERS WITH PLENUM SPEAKERS FOR SOUND MASKING

INTRODUCTION

   The 
standard sound masking speaker is one that is placed within the ceiling plenum.  It is placed there for several reasons.  Three important ones are: (1) to make it invisible; (2) to permit the suspended ceiling panels to act as a diffusing mechanism so that the sound masking within the occupied space is uniform; and (3) to face the speakers upward so that the sound is reflected from the structural ceiling and so is more spread out when it encounters the top of the suspended ceiling.

   Companies have tried to introduce flat speakers that replace a suspended ceiling panel and radiate sound masking directly downward into the occupied space.  They appear to have an advantage for certain applications but have never been successful in practice.  The first ones were developed by the Bertagni family in the 1970's.  They were first used for music and paging and later an attempt was made to use them for sound masking.  These speakers were used around 1980 as a possible product and it was discovered that the disadvantages did not overcome the advantages. They later evolved into the product made by Sound Advance.

  The discussion below makes a comparison between the two speaker types to show why the best speaker for masking is still a plenum speaker. 

COMPARISON

Invisibility

  The second rule of masking is that the masking system should be truly background.  It should not have visible components, speakers or equipment, it should not be available to the user, and the occupants should not be able to point at any specific speaker.  Both types of speakers can be made invisible, but because the flat speaker radiates directly downward it is very difficult to avoid occupants being aware of the speaker location.   See the section on level uniformity.  Since flat speakers must be symmetrical, they must have a square shape (2 by 2 feet), while most normal ceiling panels are 2 by 4.  There must be two 2 by 2 panels which permit one to readily locate the speaker if all the ceiling panels are 2 by 4.

Cost

  Flat speakers are more complex and made in less quantity than plenum speakers so the product is inherently more costly to both installer and end user.  Also, costs to the end user can be greater because flat speakers should be spaced more closely resulting in more speakers.  See the section on level uniformity.

Portability

  To remove and move plenum speakers to a new location is a matter of cutting wires and removing the wires and speakers.  The system is not considered part of the building.  To remove flat speakers the wires also must be cut and removed, but removal of the speaker requires that the ceiling panel be replaced.  Because of aging, if a new panel is put in place it will not match the other panels.  Also, it has not been established that such speakers are not part of the building.

 Level and Spectrum Uniformity

  One of the most important rules of masking is met when the masking level and spectrum shape is uniform throughout the occupied space.  There are several variables in laying out flat speakers.  The important ones are: (1) spacing between speakers; (2) ceiling height: and (3) the directivity characteristics of the speaker.  In the design of flat ceiling speakers one tries to have the speech frequencies radiate along the ceiling instead of directly downward, otherwise there would be very large level variations.  Unfortunately, one cannot design a flat speaker that creates a masking spectrum that is uniform at seated height from one speaker to the next.  A listener walking between speakers will experience a level change AND a spectrum change.  This is not the case for well-designed plenum speakers.  To minimize this effect on flat ceiling speakers, the spacing between speakers must be made closer.  The higher the ceiling, the less the effect.

Suspended Ceiling

  Flat speakers must have a suspended ceiling to function.  Plenum speakers have been hung successfully in spaces that do not have a suspended ceiling.  Without the ceiling, the speakers must be spaced more closely, but pointing them upward effectively makes the height of the speaker much higher, since the effective sound source is its acoustical reflection in the structural ceiling.  

Matching the Ceiling Facing

  The facing material of a flat speaker must match the facing material of the ceiling panels to be invisible.  There must be one facing material for each type of ceiling panel in a project.  Since such speakers can be used for paging and music, it is highly likely that if such is incorporated there will be several types of ceiling facings: open office, closed office corridors, and break rooms.  Since plenum speakers are above the ceiling there is no issue with matching.

System Design

  Suspended ceilings have a number of penetrations, including return air grilles, supply grilles, light fixtures, sprinkler heads, and security detection devices.  To design a system with flat speakers, all relevant drawings must be accessed.  It is very difficult to have the required uniform spacing of speakers with all these penetrations.  Loss of spacing uniformity is very noticeable with flat speakers.

Phasing

  Many consultants require masking systems to have two independent channels of masking to avoid the disturbing "phase effect".  This effect occurs when a person is midway between two direct radiating speakers that have the same electrical signal.  The waves at certain frequencies cancel each other creating a noticeable "swishing" sound.  This can be avoided by creating a checkerboard array: every other speaker is on one channel, and the intervening ones on another.  Phasing is not a problem for plenum speakers, since the suspended ceiling destroys the phase relationships on the sound path to the listener.  Flat speakers are direct radiating, so a two channel system is required and this adds further cost.
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