2165084 REFLECTI VE ACOUSTI CAL .DAMPI NG DEVI CE FOR ROOVB This invention £
concerns noise control devices for a roomthat increases the decay rate o /
room resonances W thout excessively danpening the acoustical brightness of
the room U. S. Pat. No. 4,362,222 to Helldtrom discloses a danpener unit

for corner placenment. The benefits from noi se control nEthOd?%iJfS?ﬁé ned
in the patent noting particularly |ow frequency absorption w 41

of Hel mpgltz resonators. An absorbive panel extends diagonally across a
roomintersection of a ceiling and wall and esta- blishes a volune with a
flow resistive surface that faces pressure 10 fluctuations resulting
fromreflecting sound waves. Diffraction type sound absorbers are found-in
many variations. Some are filled with fiberglass while others have a hol | ow

interior with a fibergl aﬁﬁFLtﬁcthE?tAc%mcm.SWP?wfﬁv@@e‘@@ﬂeﬁo‘bmsncor porate-
Hel mhol t z resonators to enhance | ow frequency absorption wi th maxi mum sound

ab- 15 sorption their connnn goal ~ U S Pat. No. 2,160,638 by
Bedel | dis- closes a fiber packed tube with a perforate metal skin. U S
Pat. No. 2,502, 020istiowentioperonoeens noisalcoskial devitea furi hoveamtbat or and

a fiber linef, dr@gﬁ% gh@'déch Sate 6#‘?0%'&50%n<§s ﬁ?{hougbexc%s%%ﬂg?’o shows a

rect angul ar ‘sus absor ent W th openings to Introduce t
resonat or asfaSPe "”‘QJthS acpystiqRy. brnggigesgﬁg sHewgoed.uni t whi ch pl aces

di screte Hel rrhol U7 9.epenangl &4 62| d® eadﬁewétrtdmedaad@lsés tay REmperee, uthr | ow
freque&cy ab Etlon o; arou he .ext ensi ve u ent |
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material is often used an esir- € ‘acous ness
roomis ther&idgoes liynpernsq.a m@mnﬁlf@r‘ﬁ%@@m ofpiat pei tigg harghyaﬂf @éélﬁ,&f@y

decay rate o9nkh&d Iaedomfneswmarmow Gbéfsqursajrfa@@tt%toraalcewadﬂes@ur»de ceiling
treatpents i1l however ro Ign1|n the control of room

sontthce ard Uty ons disahcyrs, Tt 5T Tertand BRINGMAYERE | nvent| on ©s
enbodi ed wi thin Bnﬁﬁmacﬂhaﬂaﬂynananndﬂabscmbers are found in many variations.

Some are filled with fiberglass while others have a hollow interior w1th
a f1berg]ass.b]anket skin. Some sound dampeners incorporate Helmholtz
resonators to enhance low frequency absorption with maximum sound ab-
15 sorption their common goal. U. S. Pat. No. 2,160,638 by Bedell dis-
' closes a fiber packed tube with a perforate metal skin. U..S. Pat. No.
2,502,020 shows a perforate metal skin with a hollow interior and a
o fiber liner immediately inside the skin. U. S. Pat. No. 2,706,530
.k~/  shows a rectangular suspended absorbent with openings to introduce the
20 fesonator aspect.. U. S. Pat. No. 4,319,661 shows a unit which p]qces
discrete Helmholtz resonators at fhe ends of the Bedell type tube,
for low frequency absorption of around ]25 Hz.
 The extensive use presently of acoustical tiles in ceilings and
upper wall surfaces serves to control the decay rates of higher fre-
25 quencies above_SOO'Hz. In order to absorb energy in the low frequency
range, a 1akge amount of absorbent material is often used and undesir-
."ably the acoustical brightness of a room is thereby diminished. The
- modern room, with its higher frequency decay rate controlled by standard
architectural acoustical wall and ceiling treatments still however has



) Wse within a roomarea, said device conprising, a continuous sound 5

3 lbent nenber of el ongate tubul ar shape, a closure neans in place on the
- oppesite ends of said absorbent nenber to define-therewith a thanber

porous sheet material in place about said sound absorbent nenber, and a
‘reflector overlying said porous sheet, sald reflector having a reflective
zone extending only partially about said absor- 10 bent nenber to ..

<

reflect wavembj@apeoERS 49 PEHeX t6RiraN Yo BA8omizraxbfla 0¥ fd Wolkbr tHH@qadiRgr ReAt -
menber ser%lng to danpen | ow frequencies. Figure 1 is a perspective vi&w. of
the present9$§8%pidt§-device in place in a room Figure 2 is a horizontal
sectional view Trkenesdnaninventéor?-i3 efbolSed wilthdnirae sdund-idgugenidgi devdce
~vertical s I | .yiew take n | - ' e 2; Faure 4 is.an
el evat i ona-lef%&i 'gg\;vbagfﬂéﬁ'pgr %&ggg&?’e%g{%ﬁ?%r@&gg{sf%ém%ﬁgﬁ%&g'ggﬁfw&éei ce

and co#f i gabsarhentprenber ehalengate pubyoseshadle,20 closite meansatinoplacki gure 5
IS a view gnTehélophfs fiedbhds 6P idS BOVrdene MERELf 118ddPeime ERARLPLA @f | ector;
Figure 6 is _an el evational view of, ? IEE mass reflector; and Figure 7 is
an el evat | GRARDE o RPERUSASARSH FAERT TR i RA3Se A0PYlesadd sopnd absorbenty ¢

cont i nH ng member.cane amef‘_r_atdrawe:irgyi ndeafefperons aheetpisalid flre'rfmdd:mt ]gzs g
general ly the. S i C - Within i.scorner of. a_roomfornmed .
by the int eh?gyﬁ ?’oﬁ%@%ﬁ/ﬁ %ﬁbgs&y\%ﬁ%\gah@}'a p%rﬁ%ar”g u‘?qoéféesﬂfg; aﬁ%‘%’devi ce

i 5. of 18] ondpent mepher gur neflectawave ficéquenses approxiin@dely 360 thzraod aboves 2
and 3 for g Rue eds’@o%éﬁotmem‘sgﬂo%reﬁp@ffvgga&n@ehlwgf;?ﬁ?cwéhei whi ch may be

of fiberglass. A cover.at 5 may be of ric conp e wth roomdecor.
‘Interiorly of cugared is @ pelkdcdf ¢b NG eWEHD &hebpediens @&Bb@ AagvPde QREN W rQ_J
.mesh screen SU|Labry}segured at its top and bottom ends by suitabl e neans
to the endPlfeSdfe® POMnd 35 3. A preferred form of sound wave reflector at
7 is a sheet offiguge & is a Jorhzindril adedtdonalg vaew i taken sdongsl iok Byaoéd apart
perfoﬂ&ti0@§guﬂy¢.stze and spacing ‘of perforations 8 are calculated, as
| at er ’ . R '

Figure 3 is a vertical sectional view taken along line 3-3 of

Figure 2; ' .
Figure 4 is an elevational view of a perforate reflector removed

from the present device and configured to planar shape for purposes of

20 illustration; _
_ Figure 5 is a view similar to Figure 4 but showing a modified per-
forate reflector; : _ |
Figure 6 is an elevational view of a Timp mass reflector; and -
25 Figdre 7 is an e]eyationaI.view_of'a modified 1imp mass reflector.

With continding ggference'to the drawing, the reference numeral s
1 indicates genera11yithe present device in place within a tri-corner .
of d room formed by the intersection of two walls W1-W2 and a floor
surface FS. o | |
The device is pf'eldngate configuratidn and inc1ude§ top and
38 bottom closures 2 and 3 for a sound absorbent member shown as a fibrous
tube 4 which may be of fiberglass. A Covef at 5 may be of fabric
compatible with. room decor. Interiorly of cover 5 is a reinforcing .
member 6 shown as being of open wire mesh screen suitably secured at’
_ its top and bottom ends by suitable means to the end closures 2 and
35 3. A preferred form of sound wave reflector at 7 is a sheet of rigid



el abor at ed upon' to permt the passage of the | ow frequency portion of each:
~sound wave while the outer surface of reflector 5 7 functions to _.J"
reflect that portion of the waves above 300 Hz. Contact of the reflectg -—-/_
wi th adjacent rigid structure of the device is prevent ed by coextensive
porous sheets 9 and 10 whi ch may be opén cell foam material. The preferred
form of Tefl ect oatextial kkvingaes fiest eeriescof BPaced lapiﬂdpeﬁfofratﬂinsserl es of

per f or anjons at THe Oﬂz@%ﬁt i\&ﬂﬁngmf gepgorgp ForlsCh ! %(ELO&I%P%FEO GOS8 tdy jfute a

sound ré Iectlve zone eriesor perforation 12%re"Bn the
remai ni ng two t Blekpraged sgoni tocpermit cﬂhe7pm|aeh aforhe ilowtfregernedt absor bent

zones at AZ V\bs&%esﬁtehemaéohud Fat@Git4 e | thedokiili AHERERI0f LRef1ec ki Ce the
-zone RZ maé occup a 120 degree arc_or expanse_while zones AZ conprise the
X

r emai ni ng pange Wictoons G%gﬁeéégct that pog of d%‘ﬁ WaY4F appve A0RdE. Eoatgety AZ

My vary in thebE theCrétlectorn?Neinadjdcant aligiRsthastivtd of mlmmarcuat e
. .di nrensi on of apgrom mat el.y, 180 dg?%éees to avo d. un eS| rﬁg Eh‘éﬁ sound
¥ &

wave reflection fo%va?'ﬁntelgo% Fof B A PM°W5 £2%f the

devioe in a rootrermulcteill foam bategdabs of the cor ner for med by walls W-W
bi secting the zone RZ w gh :Ze%‘??e B Q¥ pBhGcLdie, §e| d%ess% @gPﬁez

Refl ector 7 may be forne ga (approxi nma
t hi ckness) 1@l unpetad,shddrst mmwmétpenfsr&my ats:eBcﬂmuab@rt epelithiod 63 cm)

hol es_spaced onoprineapck B st torsRetyde?s Wi et FAVE ddiePhRY i de

curmul ative open area In zone- out 2% resulting in a cross-over
f requency of 328 1‘%09&9&51@1@ P@J‘Tﬁ%‘%’m}sf%ﬁ | &Fe PR g@rm’#ﬁm t¥e equency)

pA_30 = 40 iridds ¥t wrem&he PehEaN eohsdiitrfsofRERb8sMRnt 0 Cl 0sed
area in zone RZ.and with d hol e d g&ter |n|nches 1016p/d with d

= hol e di anet erz?‘ﬁe o 8hiA%ret R °Pﬁ’f§‘ &f fisppredytn fl‘(’%tlr’é‘ detealyr ge as
sheet intexyitydewide pler maﬁe Ranﬁl gumq:ySaalszdeéueedazfceBi- axpetisd S shown at

12 35 : mherel n [ QVi IO he devi ce
as noted in the® _ elgecrg%{“ |on o EZ’he anal’rgmoﬁlgn xggﬁ fgﬁehgbgsé'%aéscrl bed
reflector. Thelholseumterpewdatb#t pbefmasminsnd AZ may vary in their

arcuate dimension with zone RZ having a maximum arcuate
dimension of approximately 180 degrees to avoid undesirable
20 - sound wave reflection toward proximate walls Wl-W2.
- * Optimum placement of the device ih-a room results in a
bisector of the corner formed by ﬁalls'WI-WZ bisecting the
zone RZ with zones AZ proximate the two wall surfaces.
: Refiector 7 may be formed with an 18 ga (approximately
L ’ 25 . 0.5 mn thickness) aluminum sheet; Perfprations 8 may be
.quarter-inch (0.63 cm) holes spaced on one and three quarter
inch (4.45 cm):centers to provide a cumulative open area in
zone RZ of about 2% resulting in a cross-over frequency of
320 Hz using the follow1ng formula: fx (cross-over frequency)
30 = 40 ; with p = to the percent ratio of open area to closed
area in zone RZ and with d = hole diameter in inches (or 101.6
p/d with d = hole diameter in ¢entimetres.  The perforétions
at 11 are as large as sheet integrity will permit.
In Figure 5 a mod1f1ed reflector is shown at 12
35 ' whetezn only a zone RZ is provided for disposition in the dev1ce
. as noted in the description of the analogous zone in the

- above described reflector. The hole criteria of perforatious'



I YJmass reflector is shown formed with a pliable sheet 15 such was one of
Vi of a size to fully overlie foam covered tube 4. 1In the'5 field of
this invention, the term"linp mass" sheet denotes an inperneabl e menbrane
havi ng a significant surface weight which effectively serves as a barrier

- to sound passage. The sheet. has refl eetbve zone at RZ and. absorbent zones
AZ wi th the zoneorjenfat t om W-W2 -being as 10 et ed
with the first glesch%&g i}iejp'fsec%sa o s%%%edﬁ% vl i nperforate while zon& AZ
are perforate with hol eYith atensfion tH Bigure 6I4ril\1!nedna§|sl yeflpctheds

integrity. In Fighes Forﬁeé Wﬁ:ﬁei p19480e0Enéet! 'lmﬂzﬁsv?ag Ohé & Qp Al 17 1S
shown wherein ogﬁlb%' a reflecti.ve zone, RZ is utilized and. the perforate

zones AZ di spens¥danfiae. to fyAly @yeplie éP?%GPB‘F"@?tMI“d bin theated relative
i ntersecting. walfieldréfense aavéﬂmsﬁ dReCtérae d1impAalysent as@auahaotelsn such a
case, the reflectlve zona S fb ,§Ranse no reat er thgn one, half of the -
perineter of the YSVREEEZE menbrane REVIng R, SEETHT 1HBRS 5FE ‘Tc«?c'f’%’rg y utilize
a vinyl sheet rathidheadffeftivedy seevesqsaacbdroder (t618ouhdgpmitage A Thess- over
frequency may belet qf PEFlekBide Soddlal Ot Mg el¥bihie bindsLhONTRRYE!
frequency) 720 wth w=1to W per square foot wel I N ounces -
(219708/ Wi t h 4%?% °2?“taHP“gWh¥Ps fBéPe°§qE|‘arré’°ﬁe‘l”r' bFinghRS | i np nass

"sheet. A cmss—nduermftneﬂiéemwstf BésdriiBed irE16%% . SRk mqerm kuraweul d

be 360 Hz for heet -wei q e foaqt The
present "devi ce |w§’ Sﬁsﬁmﬁf %2 Qg%j P\ﬁ,ﬁg‘ﬁ'ﬁt s‘f’aﬁ?ﬂ g‘g{ *heh ]rsoégnat Fﬁa'gﬁ‘eﬁe}“t’ﬁe? ake
advant age of roemlydsosheste inkedrdtB0 pronoting scattering of high ;

. "/
frequencies. The devic o Y, ty\ﬁﬁ [i-corners
Wi th sonme reduction in gﬂ% ??e\e/glngs%r%gﬁér:%%noﬁj? heg%ﬁle\%lggg“&éy be used
in various | engt#tslaid PhEewRLYRensia oty St%ﬁﬁfﬂ?@-"sf zquigcRBchs sbilized desired,

two devi cesysray dali {ie e ez i BURe8KE Gk OFdHeRa Wi thl OVicHe e 38 refde¥ide Of
ext ended | engt h.

.- in zone RZ is also as stated above. Wth attention to Figure 6 a
0

‘17 :mould be.located relative 1ntersect1ng wall surfaces as -
above described. Advantageously, in such a case; the
reflec;ive;ione is of an expanse no greater than_one half of
the perimeter of the device. o
20 The.limp'mass reflector may ufilize'a vinyl sheet

' rated at 2 ozs. per square foot (610.3 g/m?).
-A cross-over frequency may be determined in the

follow1ng formula: fx (cross-over frequency) 720 w1th w = to

‘the per square foot weight in ounces (219708/W wgth-= ﬁeight-_-
25 in grams per square metre) of the limp-ﬁass sheet. A cross-
- over frequency for the limp mass sheet accordingly would be
360 Hz for a sheet weighing 2 ozs. per square foot (610. 3/g/m’)
' The -present device is best utilized when installed -
in a room tri-corner to take advantage of room resonance while
30 promoting scéttering.of high frequencies. The device may be
located midway between adjacent tri-corners with some reduction
in effectiveness Additionally, the device may be uéed.in various
lengths and in mu1t1p1es by stacklng of the devices. If desired,
two devices may utilize a common end closure to provide a

35 ~device of extended length.



5. CLAIM5S 1. -A sound danpening device for use within a roomarea, said . »
devi ce conbfising a-continuous sound absorbent nenber of elongate tubuj? ™
shape, a closure'neans in place on the opposite ends of said absorbent @
menber to define therewith a chanber, porgus sheet material in place abbd
sai d sound absorbent nenber, and a reflec or overlying.said porous sheet,
'said reftlector having a reflectlve zone extending only partially about sald
absorbeng menber to reflect wave frequefbdSap- proximately 300 Hz and

above wth the absorbent nenber 'serving to danpen |ower frequencies. 2.

The devi ce clal med in claim 1n&é}ere| said reflector is forned fc[??m rigid
material . Théouad idaEpen iRy ich TQralisf 2V ALY & Rouhae? ersPdd 95 Th&s bot h

sound wave rc@ihdnei%h hy £ aapehtAinaouHsbUNd @beSrbeht mdiberdefiedengdtai twdilan cl ai m
3 wherein said zones, are_perf T, C

Sherei 't ne shardod FBuEeEans: f Blace on e, PRV GeChRTBE dalagiolbht
cent of themEmbezi tardafioé theeewith acthamberomereus shpet matenialciminlagein

claims whepg %%H&' {o‘ﬁhh eaﬁ:%b)‘@er?toﬂﬂ&nﬂé Oénoa@ FERRRES 'BQeBTﬁi\?eiaifdhan one
hal f t he erlrre evice ) ewg%qc ai med |nca|m1 wher ei n

sai d refl ecﬂ’@f‘oqss Sﬁe‘F‘isnﬁa‘rFaﬁfE?Féét”('h’é”H%rael"ﬁ tive zR0e; SEEPdTRg onfye
devi ce cl ai fﬂi&ﬁtiaﬂl9|a}’ﬂdﬁt7sdﬁ*ﬂeél§isdi‘b§ﬁt Ghefbért @ot aéﬂleas th@euuehctescap*/e zone
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sai d reflectdammnzdmeen §requwmes<panse no greater than one half of the

per | mot er ofy ¢ e gl 5 ¢ fined APLALIATRAIAN SR erTeRtobSs Frnian a r oom

a ea constrUuct and arr to operate substantially as herein described
h refer eﬁ@@ntrdgaﬁdnaésna llustrated in the acconpanyi ng draw ngs.

3. The device claimed in claim 2 wherein said reflector has both
sound wave refiective and absorbent zones.
4, The device claimed in claim 3 wherein said zones are perforate.
5. The device claimed in claim 4 wherein the reflective zone defines
a cumulative open area of about 2 per centef the total area %[ﬂ«zwve zehe .
6. The device claimed in claim 5 wherein said' reflective zone is of an '
expanse no greater than one half the perimeter of the device.
7. The dev1ce claimed in claim 1 wherein said reflector is a '|1mo mass
sheet(as huemloq}am, c&e_}umﬂ
8. The device claimed in claim 7 wher‘ewn said reflector has both a
reflective zone and an absorbent zone.

(4 9. The device claimed in claim 8 wherein said reflective zone is

imperforate.
10 The device claimed in claim 9 where1n said ref]ect1ve zone is of
an expanse no greater than one half of the perimeter of - the device.
~ 11. A sound dampening device for use within a room area constructed
| and arrangéd to operate substantially as herein described with reference

" to and as illustrated in the accompanying drawings.
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