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CEILING SYSTEM \VJTH lNTEGRATE.D EQUJPMENT SUPPORT 

STRUCTURE 

CROSS REFERENCE TO RELATED APPLIC/\TIONS 

[000 l] The present application dain1s priority lo U,S, Patent Application Serial 

Number 12/589475 filed on October 22, 2009, \.Vhich is herein incorporated by reforence in its 

('.ntirety. 

BACKGROUND OF THE fNVENTION 

[0002] Certain interior errvironrnents,. such as clean morns and hospita] like operating 

rooms, radiology roon1S, and dental suites, require unusually dean air R)r the protection of the 

\Vork that takes place in thern. Such rooms may also have disparate heating or cooling needs at 

different 1c1oints in the room. For instance, electronic equipment may produce excess heat, 

therefore requiring that <.'.ooled air bt~ concentrated in its vicinity. Surgeons may also find it 

prudent to have available additional heated or cooled air in the immediate vicinity of an 

operating table. to hold a patient at a stable temperature or dissipate the excess heat created hy 

hdght larnps or a team of doctors and nurses surrounding the patient. Hfnvever,. the needs of a 

given room can change over time, as nevv technology replaces what \.Vas originally installed or 

the roorn is converted to uses or configurations other than the originaL For these reasons, it is 

tmdesirable to have air conditioning and ventilation permanently installed as part of the structure 

of the building. Additional!)\ wh('.n multiple parti('.S provide equipment for these spaces, there is 

significant coordination required during the design and construction phase to avoid conflicts and 

interferences in product and schedule. lnstead.i modular systems 'vhich may be installed or 

removed with only rninor structural alterations are desirable. 

[0003_] Modular installation has the additional advantage of making construction less 

expensive and rnor('. convenient. Ventilation stnictur('.S need not he custom fabdcated on-sik, nor 

inco11x1rated into the strncmre during constructkm. Instead; modular units may be mass­

produced at a factory off-site and shipped. to the building ·\vhen it is ready to receive thenL On­

site fabrication is then limited to such fabrication and alterations as m·e necessary to attach the 
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modular units to the building•s frmne, 

[0004_] In n1odern operating nx)ms equipment such as robotic surgical aids are 

becoming rnofe and more prevalent TheS('. devices n1ak1,;.'. sutgety rnore ptecise and kss prone lo 

etTors caused by the inherent fallibility of human hands. Additkmal!y, t~ven in mon~ CQnventional 

clean enviromnents, there is a significant requirernent thr overhead-supported equipment such as 

light and equipment boorns, aulornated material handling systems, etc. Typically,. such 

equipment is hung frm11 the building structure and descends thrnugh the ceiling in order to 

pn'.Serve valuable floor space. I-lu\vever, this atrangernent is subject to the sirnHar problerns as 

hard-\vired ventilation: it is expensive, requires a custom installation during building 

construction, and rnay Lirnit the possible room configurations based on the nature of the 

underlying building frame. 

SUMMARY OF THE INVENTION 

[0005_] The present invention solves the problems of the prior mt and permits the 

convenient, cost-etkctive. and easily alterable installation of surgical aids. or any other fbrm of 

apparatus, frorn the ceiling of a mo.rn, including an opernting or dean room. This is 

accomplished by providing a truss <.'.<.nmected to a modular vt~ntilation plemm1, the truss being 

capable of supporting the apparatus to be hung, The truss's position within the plenum may be 

selected lo allow some flexibility relative to the building's underlying frame, and the plenum 

itseJJ~ being of a rnodular design,. rnay be rnounted in a variety of locations, Both truss and 

plenum may be assembled off-site, installed afkr the 1m~jority of building construction is 

complete, and repositioned nmch rnore easily than systems lied directly lo the underlying 

strm::ture. In addition, the present invention alknvs the convenient co-location of t\vo iten1s both 

required i:..lire<.~tly over the operating area, with neither interforing \Vith the other: ventilation and 

equipment support H also alknvs installation of a modular equiprnent support \Vilhout 

vt~ntilation, ifprefeITed. 

[0006] The present design also includes a suspended grid system of the type 

commonly fi.rn.nd .in commercial ceilings \vithin the plenum itseH: to preserve the CQntinuity of 

the n'.iling in the roorn. This grid is designed to acco.rn.modate a srnaller equipment support 
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attached to a suspended grid system, allovdng the placement of srnal!er and Lighter surgical 

apparatus, illumination, or similar necessities. 

BRlEF DESCRl PTION OF THE DRA \VfNGS 

[0007_] FIG. 1 is a pe.rspective oft.he plenum from beknv, as it would appear when 

installed, irn::luding the truss, suspended gdd, and grid-haS('.d equiprnent support 

[0008J FIG. 2 is a section taken a:!ong line 2-2 of FIG. L slxnving the truss "\vith an 

appended. surgical device. 

[0009] FIG. 3 is a section taken along line 3-3 of FIG. 1, showing the equipment 

support \Vith an appended surgical de·vice. 

[001 OJ 

[0011] 

[0012] 

FIG, 4 is a perspective vie\.v of the truss in isolation, 

FIG. 5 is an elevation vie\.v Qf the truss from one end. 

FIG. 6 is a perspective ·vie\.v of the top of the equiprnent support, as it ·\vould 

appear from above the suspt~nded grid, 

[0013_] FIG. 7 is a perspecti"ve view of the bonom of the equipment sup1c1ort, as it 

\.vould appear frmn below the suspended grid. 

[0014] FIG. 8 is a perspective vie\V of the top of the plenum. sh<.nving a hole in the 

center through \Vhich air may pass as part of a ventilation systent 

[OOl 5] FIG. 9 is a perspective vie\v of the top of the plenum, sh<.nving holes in two 

sides throu!lh \.Vhich air may n:1ss as part of a ventilation systent ~· • i~~ ~ 

[0016] FIG. I 0 is a perspective vievv of the lop of the plenum, showing an mr 

handling cornponent. such as a fan/filter unit, mounted to the suspended grid systenL 

DET/\ILED DESCRIPTION OF THE DR.A\VJNGS 

[0017] Turning no\.v to FIG. L ~l rnodu!ar unit embodying the prest~nl invention is 

depicted, A plenurn 10 may be suspended from hangars 12, vd1ich are in tun-1 attached directly to 

the !.-beams or other frame of the building. The hm1gars 12 may also be attached to a secondary 

structure (not sho\.V'n) which in ttirn attaches to the building's frarne. This am·mgernent perrnits 

the placement of plenum 10 in locations other thm1 directly bdow the building's structural 
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beams. Alternatively, plenum 10 may also be bolted directly to part of the building or an adapter 

rather than suspended from hangars 12. Hangars 12 are shown at the comers of plenum 10, but 

may be placed in other locations, or with greater spatial frequency than is shown.  

[0018] The plenum 10 is formed from a perimeter 14 of material, conventionally 

sheet steel although any sufficiently rigid material will do, using methods well known in the art.  

The plenum 10 is typically a rectangle or square, and is built in a size chosen to accommodate 

the heating and cooling needs of the building as well as to accommodate the structure to which it 

is to be attached.  The perimeter 14 is given enhanced rigidity by the presence of lower lip 16 

and upper rail 18.  The upper rail 18 provides the primary structural member of the plenum 10.  

The rail is typically constructed of steel 0.188 inches thick, formed into a rectangular tube about 

3''X4''.  The upper raill8 is welded to sheet steel wall 15, and lower rail 16 is formed by bending 

wall 15. Grid members 20 may be attached to lower lip 16, forming a grid of supports for the 

ordinary parts of a suspended ceiling, such as ceiling tiles, lights, and vents for air passage (not 

shown).  Alternatively, grid members may be attached to the sheet steel wall 15 directly.  Grid 

members 20 are conventionally constructed as rectangular tubes or U-shaped channels of 

stainless steel, or extruded aluminum, but may be constructed of other materials and in other 

shapes as well.  The grid members 20 are sufficiently rigid that that they span the plenum 10 

without additional support, easing attachment of the plenum 10 to the building structure and 

installation of the grid members 20.  Grid members 20 may also be attached to the building 

structure, for instance by the use of additional hangars 12, for greater load-bearing capacity.   

[0019] The plenum 10 may be sealed at the top to control airflow by plenum roof 

22, best shown in FIGS. 8 and 9. This roof is usually sheet metal similar to that found in 

perimeter 14, but need not be. A hole 24 may appear in the plenum roof 22 to permit air to enter 

or leave the plenum 10, and therefore the room, or holes 26 maybe found in perimeter 14 for the 

same purpose. An air handling component (not shown) may be mounted adjacent holes 24 or 26, 

or a duct (not show) may lead to them. Alternatively, the plenum may have an air handling 

component 28 mounted directly to the grid members 20, as best shown in FIG. 10. such that the 

plenum itself does not control airflow. The air handling component may comprise a fan, a filter, 

air conditioning coils, heating elements, humidifiers, dehumidifiers, or any combination of these 
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or similar elements, an of \.vhich are \.vel! known in the art 

[0020_] /\ truss 30, best shov-m in FIGS. 2 and 4, spans the plenum l 0 and is firmly 

attached to the uppet rail 18. In a fectangulaf plenum 10, the truss 30 preferahly spans the shorter 

dimension, so as lo max:imize its \Veight-beaxing capacity, !.n the figures, truss 30 is attached by 

bDlts 32, ·\vhich alknvs for easy instal!atkm and removal /\ny other suitably rigid forrn of 

attachment, such as rivets or welding,. may be used, although these may not be as convt.~nienL 

The truss 30 is composed of upper spars 34, lowt~r spars 36, and various cross members 38, 

\.vhich link the spars together and provide rigidity. Diagornil cross mernbets 40 ptovide resistance 

lo tv,·isting. The truss 30 may be (.'.(mstrncted of steel or aluminum that has bet~n cast, extruded. 

forged., or otherwise formed into structural shapes, such as tubes, I-beams, or U-channels. The 

truss 30 may also be made of composite materials such as fiberglass or <.~arbon fiber, ilirmed 

sheet steeL or anv other suitably sturdv material. The truss 30 rnav even ernplov several difterent . ... ... .,,. ... ... 

l)'lc1CS of material in its construction. The spars 34, 36 and cross members 3 8, 40 are preferably 

,,.dded together if metal, and glued Qr mQlded as a single piece if CQmposite, but they may ~llso 

be joined by bolts, rivets, or other means kno\.vn in the art The predse choice of materials and 

design tbr the truss 30 will be ddermined by such fa.ct.ors as the required strength, the need to 

minirnize weight, and the manufacturing cosL These considerations are well understood in the 

art. It will be understood that no particular configuration of spars and cross members, nor any 

particular rnaterial choice, is required to practice the spirit of the invention. 

[0021] The truss 30 may also be installed as part of the perimeter 14 of a plenum, or 

even between two neighboring plenurns Hl, frJrr.ning a part of th\;.'. fX'.rimekr 14 of each. In this 

configuration,. the truss 30 rnay be open to airflo\v. The truss 30 may also he closed to airfkn.v, 

fi)r instance by attadunent of a sheet of metal across one or both sides oft he truss 30, 

[0022] The truss 30 may incorporate dedicated passageways for routing of electrical 

conduits or lines supplying such things as natural gas, refrigerant; \Vat.er, gases such as oxygen or 

nitrogen, or vacuum. 

An equipment interfi:1ce plate 42 is mounted to the truss 30 benveen the k.1\\»er 

spars, and provides a rnounting location for heavy equipment 44, such as robotic surgical aids. 

This plate is most commonly metal hut may be any material of suitable stxcngth. Preforably, the 
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equiprnent interface plate 42 has a bolt-hole pattern 43 \\'hich rnatches that of heavy equipment 

44 to permit convenient installation and removal \Vithout the need fr)r adapters or jigs. The holes 

may Ix'. threaded m clearance holes. The equiprnent interface plate 42 may be \.veld.eel. to trnss 30, 

(ff bolted kir t~asier installation and rt~movaL Other attachment mellKH.ls, such as riveting, are ~llso 

JX!Ssible. It rnay be rnanufactured "blank;' \Vlthout any bDlt-hole patten-1 43,. and. then rnachined 

to match whatever heavy equipment 44 is ultimately selected. 

[0024_] The \veight of the heavy equipment 44 is txansforred by the truss 30 to the 

upfX'.f fail 18 (and to sorne degree, to the femainder of perirrn;.'.ter 14), and thence to the hangars 

12 and into the building's structure. The truss 30 may be inde1c--iendent of the grid members 20, so 

that any rnovernent in the truss 30 is not directly transferred to the grid mernbers 20, and vice 

versa. This may be advantageous when. for instance, a light (not shown) attached to grid 

mernbers 20 is rnanuaJly adjusted: the rnovernent of the light \.Viii have a rninimal effect on the 

heavy equipment 44 suspended. from the truss 30. \Vhen the truss 30 and grid members 20 are 

structurally independent, they may be kiaded indq--iendently of t~ach (ither, \\-'Ith reference Qnly to 

the total load that the plenum 10 and hangars 12 can supJXirt On the other hand, the truss 30 and 

grid members 20 may be linked together. This c<.mfiguration provides maximum load-bearing 

capacity and rnaxirnurn lateral stability for the he<rvy equipment 44 rnounted on the truss 30. 

[0025] The truss 30 shown in the drmvings, when constructed out of welded tul--ie 

steel and conneded to the plenum 10, can support at least 900 lbs of heavy equipment 44 and can 

bear at !east 8000 fl-lbs oftorque about an <LXis running parallel to the spars 34, 36. 

[0026 J Lighter apparatus 46 rnay also he attached to the plenum 10 al the grid 

mernbers 20, either on the top or bottom of these rnernbers, by the use of apparatus mount 48. 

The grid members are obviously not capable of sup1cxnting the same amoum of 'veight as the 

truss 30 due to their flatter constn1ction, and in addition, they must bear the \:v·eight of multiple 

other items. such as lighting. Howt~ver, apparatus mount 48 is also more versatile than truss 30. It 

alknvs tht'. positioning oflightN apparatus 46 in more places, including sorne not reachable by 

truss 30; and also _pt~m1i1s the repositioning Qf lighter apparatus 46 much more conveniently. 

Similar to the operation of truss 30, appa.ratus nH.mnt 48 transfors the \Veight of lighter apparatus 

46 to the grid members 20 .. which then transfor it to the lower rail 16, then through perimeter 14 
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and into hangars 12. Wh(~n used unreinfi}rced, the grid can bear around 300 lbs. in ·weight This 

amount may be raised considerably by hanging a stud 12 from the building's structure and 

attaching it to the gtid rnemhers 20 directly for additional support 

[0027] Apparatus rnmmt 48 is <.'.<.nnprised of frame 50 ~md support plate 52. As with 

the other components of the plenum 10,. these advantages are best achieved if apparatus mount 

48 is bolted lo the grid rnemlx~rs 20, hut it may also be attached in othl;.~r \Vays, Similar to 

equipment interface plate 42, the support plate 52 may be \.Velded to frame 50, but it may also be 

bolted, riveted, of otherwi,s('. attached. 

[0028] Il is. also possible kir the plenum to be installed \\-'Ith no ~lir-conditioning 

function at all, purely as a hanger fi:.ir ceiling-rnmmted equiprnenL In that case, the truss 30 or 

apparatus mount 48 can be. n1ounted within the plenum 10, but without any air-handling 

component 28, plenurn roof 22, or holes 26. This system is modular. convenient. and 

inexpensive, and may be employed any\-vhere, whether in a clean room, operating room, or 

<.mHnary office or industxial environment that re.quires equipment to be. hung from abQve. 
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CLAIMS 

1. A modular unit configured for use in a ceiling, the modular unit comprising: 

 a plenum having walls defining a perimeter of material, the walls supported by a rail;  

  a plenum having walls defining a perimeter of material, the walls supported by a rail;  

 a truss separate from the grid of supports attached to the rail, the truss configured to 

support ceiling-mounted equipment and transmit the load of the ceiling-mounted equipment 

to the plenum.  

2. The modular unit of claim 1 wherein the plenum is suspended from a building ceiling.  

3. The modular unit of claim 2 wherein the plenum is suspended from the ceiling by a plurality 

of hangers.  

4. The modular unit of claim 1 wherein the truss includes an equipment interface plate 

configured to attach to the ceiling-mounted equipment.  

5. The modular unit of claim 1 including an apparatus mount which is attachable to the grid of 

supports, wherein the ceiling-mounted equipment is configured to be hung from the apparatus 

mount.  

6. The modular unit of claim 1 including an apparatus mount which is attachable to the grid of 

supports, wherein the ceiling-mounted equipment is configured to be hung from the apparatus 

mount.  

7. The modular unit of claim 1 wherein an air handling component is positioned within the 

perimeter.  
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8. The modular unit of claim 1 wherein an air handling component is positioned within the 

perimeter.  

9. The modular unit of claim 8 wherein the perimeter has at least one side and a hole formed 

through the at least one side, wherein the hole is configured to permit air to flow into the unit. 

10. The modular unit of claim 8 wherein the top has a hole configured to permit air to flow into 

the unit.  

11. The modular unit of claim 9 or 10 wherein an air handling component is positioned proximate 

the hole.  

12. The modular unit of claim 1, wherein the truss comprises structural steel shapes. 

13. The modular unit of claim 1, wherein the truss comprises structural aluminum shapes. 

14. The modular unit of claim 13, wherein at least two of said shapes are welded to one another. 

15. A modular unit configured for use in a ceiling, the modular unit comprising:  

  a plenum having a perimeter of material formed into a rectangular box;  

 a grid of supports attached to the perimeter, the supports defining a suspended 

ceiling; and  

 an apparatus mount attached to at least one of the supports, wherein an apparatus is 

configured to be hung from the apparatus mount.  

16. The modular unit of claim 15 wherein the grid of supports is attached to a bottom margin of 

the perimeter.  

17. The modular unit of claim 15 wherein the grid of supports comprises extruded aluminum.  
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18. The modular unit of claim 15 wherein the grid of supports comprises sheet steel formed into a 

tubular configuration. 

19. The modular unit of claim 15 wherein the grid of supports comprises sheet steel formed into 

an inverted U-channel configuration.  

20. The modular unit of claim 15 wherein the apparatus mount includes a support plate 

configured to rigidly attach to the apparatus.  
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