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TECHNI GAL FIELD Co This invention relates to |rrprovedwrret hods and
apparqt us for attaini ing and regulating the fluid pressure in one or nore

fluidiaccommdating v ppovED ATR CONTROL SYSTEM FOR AN AIR BED

5 : TECHNICAL FIELD
This invénﬁon relates to improved methods and' apparatus for
attaming and regulating the fluid pressure in one or more fluid accommodating
structures. More particularly, the invention relates to improved air pumps,

controllers, information processing and hand controls for measuring and varying

10 the air pressure in an air mattress.

BACKGROUND OF THE INVENTION
Air supported mattresses are used with cots and beds to provide

15 yieldable body supports. The air mattresses can be inflated with hand operated
pumps or bag pumps. Motor driven blowers and pumps have also been used more
effectively to supply air under pressure to air mattresses. U.S. Patents 4,908,8.95 and
4,644,597, assigned to the assignee of the present invention, describe possible
constructions of air mattresses.

20 The air mattresses will typically sit within a border which supports the
mattress such as that described in U.S. Patent 4,991,244, also assigned to the assignee
of the present invention. Double, queen or king size beds can involve two air
mattresses or two air chambers with individually adjustable air pressures. These air
chambers may be further divided internally with free fluid flow between these

25 further divisions. The air mattresses can be equipped with a one-way air pressure
relief valve operable to limit the air pressure in the air matiress to about 1 psig

(pounds per square inch gauge, ie,, relative to ambient pressure) to prevent seam
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controllers, information processing and hand controls for nmeasuring and
varying the air pressure in an air mattress.
BACKGROUND &paration apgiiowmut. Air supported mattresses are used
with cots and beds to provide vyieldable body supports. The air nmattresses
can be inflated wth Fandiepagatard firpumgss chateetistiess of Manorirdmatéress are
bl owers and punps have al so been used nore effectively to supply air under
pressure t odetermireed by she pressu® oftheczit Sn4h8 @& BARressd Control mechanisms have
been used to adjust the inflation of air mattresses. Young et al. in U.5. Patent No.
5 4,224,706, for instance, disclose a mechanism for adjusting the amount of air in an
air mattress. The mechanism disclosed in the ‘706 patent includes one or more
receptacles connected to air mattresses for supplying air to and receiving air from -
the air mattresses.. These receptacles are located in the frame below the mattress.
The internal volumes of the receptacles are changed by the rotation of a hand crank.
10 The variation of the volume in the receptacles adjusts the pressure of the air in the
alr mattresses.

Other control systems for air mattresses have allowed operators to vary
the air pressure within the mattress at the touch of a button. The hand control units
in these systems were either located on the air tube connecting the pump to the

15 mattress or the hand control units made an electrical connection to the pump and
" solenoid valves. See, for example, U.S. Patents 4,897,890, 4,829,616, 4,890,344, also
assigned to the assignee of the present invention. |

These hand control units typically allowed for the transmittance of two
instructions to the pump/control unit. These instructions were either to increase or

20 to decrease the pressure. The users had to rely on their tactile senses in adjusting

the air pressure because the units supplied no information to the user regarding the

pressure in the matiress.
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possi ble constructions of air mattresses. " The air mattresses
will typically sit within a border which supports the nattress such as

that described in U OneRseeitusdd@n Mpresdise @ifitglnRd droairhmatisessgneolvedf
the present invention. ubl e, queen or king size beds can involve two air

Mat t r esses k@épihghaiair pRABRAT Sortdrtt dtndll Yinthsalvigtiad e babl evasion ficcmanias.
These air chanbers may be further divided internally with free fluid flow

bet ween t hggqot! Wek G, Phidng 1085 -5, 142671 indrﬂ@gSFm?SAC@i’htRﬁ RAEROREdVIoE B 2
one-way air pressure relief valve operable to limt the air pressure in
the air mapkédt prosu?®aibel sétS! One problem with this arrangement was the dramatic
5 change in pressure at the time a user applied weight to the mattress. The air
matiress had to have an internal structure to support much of the users weight in
order to prevent the escape of large volumes of air while regulating the pressure at
the previously set value. The internal structure interfered with the comfort
. advantages of having an air supported mattress.
10 Another design of a pressure control unit provided a digital display of
the internal pressure and push buttons. See U.S. Patent No. 5,020,176. The user
could either use a constant pressure mode where the pressure could be set by the
user. The user also had the option of using a manual mode where the pressure was
not kept constant but where the user directly controlled the flow of fluid into or out
16 from the mattress. |
In these previous designs, if the bed contained two separate mattresses
or air bladders, two hand control units were supplied with each contfolling its
respective air bladder. Theréforé, a person lying on one side of the bed could not
assist their bed partner on the other side of the bed with an adjustment of the air
20 pressure on the other side of the bed without physically going to that side of the bed.
The hand control units were physically attached to the control unit, thereby

restricting the location of a particular unit.

I
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prevent seam - 2 - separation
and bl owout . The biasing or firmess characteristics of an air

mattress are det er m Thel poycdshing Pinedbitdde i thédecedlier icontdet sgbtentefdrr aivbeds
Control nechani sns have _
was minimal. The constant pressure systems involved a periodic examination of
the pressure and a comparison with the desired value. Air was then added or
removed as needed with several steps used if needed to obtain the desired pressure.
5 In the manual control designs, the operator directly controlled the pump and the
. release valve to control the flow of fluid into or out of the mattress.

Electric motor driven pumps have been used in the past to inflate air
mattresses. The operating noise of such pumps was a common source of consumer
> complaints. The pumps were most frequently utilized when the bed user was
10 preparing to go to sleep. A noisy pump detracted from the restful atmosphere
necessary to induce sleep. The most frequent cause of noisy operation of such
pumps is the rigid mounting of the fan motor to the pump housing. Such rigid
mounting transmits vibrations and noises generated by the pump motor to the
pump housing and to the environment around the pump. - Further avenues of
15 noise transmission to the environment in air pumps are the supply air inlet and the
cooling air inlet. Sound insulating and dampening materials could be built into the
pump motors and houslﬁgs, but only at the risk of thermal insulation and resultant

over heating of the pump métors.
It would be an advantage in the industry to provide a quiet pump in
20 which the noise and vibration of the fan motor is dampened with respect to the
pump housing and wherein adequate cooiing of the pump motor was provided for.

Further, the air inlet and cooling air inlet should be designed to minimize the

-
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Patent No. 4,224,706, for instance, disclose a nechanismfor adjusting the
anount of air in an air mattress. The nmechani smdisclosed in the ' 706

patent incl UgRSuANSE Bin HBIsE trdrREAREAThESINAMFACT ROVbOIdbE dTBihposans ativance
supplying air to and receiving air from the air mattresses. These

recept acl es @r@rovitidh ulititseb rid iR pebidelfbe opliidl ghfmpinphwithitess neise and
vol umes of the receptacles are changed by the rotation of a hand crank.

The variati oguffa hRINGINUGEoTIhiding SRAMAE! ¥8itAdesiSdcE tb tRe ROAGBLLE thé uiite,
air in the air mattresses. : :
it would be a distinct advantage to have hand control units where the user of the
5 unit was not tethered to the pump unit, and where the user could control both air
bladders in the case where each side of the bed had its own independent bladder. It
would also be a decided advance in the art to be able to accurately and consistently
monitor and control the pressure of the air mattress to a desired setting.
10 The air control system of an air bed in accordance with the present
invéntion in large part solves the problems outlined above. The air control system
heteof includes a motorized pump specially désigned to reduce noise, and includes a
remotely operated hand held control unit untethered from the air pump. The user
of 2 bed assembly controlled by the air control system hereof can accurately and
15 consistently adjust the firmness of the air mattress to a desired setting. The remote -
hand control unit in accordance with the air control system of the present invention
allows the user to set tﬁe firmness of both bladders in a double bladder air mattress
independently of each other.
The hand held contro! unit communicates with the base unit by way of
20 a radio transceiver. The base unit monitors and transmits to the hand held unit a

measure of the air mattress firmness, and responds to commands from the hand

held unit to change the firmness of the mattress.
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the air pressure within the mattress at the touch of a button. The hand
control units in these systens were either |ocated on the air tube

connecting the punp ! qupouldd Gins'is | ADaBRIAF GHlkihg W deveimrispaeus to

el ectrical connection to the punp“an sol en al’ves. See, for exanple,

U.S. Patent %\ﬁ\éiﬁﬁZe ke trhfie bftlhizidy %%Qnﬁﬁémo@\'d?i}@ons@s Ih@neetdrospdels can be

assi gnee of present 1 nvention. , hesg fangd.control units
typically al ' Ayt Wﬁé i
punp/ cont rolét% h%\’ggg'e? %%ﬁ%ﬁ%\%ﬁeé}f?ﬁggﬂéé I ncr eastgt: %FEEE&OW%‘M at
decrease thGuRr&Rd!tfine MEYSHAS mH: BmipRldtuld tb Trebeh@BlElRaBARS *The base

adj usting

5  unit is specially designed to prevent transmission of undue motor noise from the
base unit into the surrounding environment. Microprocessors in both the hand
held control and the base unit allow for the optimization of pumping conditions

without interaction of the user beyond selection of a desired firmness.

10 BRIEF DESCRIPTION QOF THE DRAWINGS

Fig. 1 is a perspective view of an air bed, partly in section, dépiéted in
conjunction with an air control system in accordance with the present invention;
Fig. 2A is a plan view of a hand control unit of the air control system;
15 Fig. 2B is 2 plan view of a hand control unit of the air control system;
Fig. 3 is an expanded view of one digit and the half digit of the display
of the hand control unif; |
Fig. 4 is a schematic view of the inside of the hand control unit;
Fig. 5 is an exploded view of the base unit of the air control system;
20 Fig. 6 is a top plan view of the base unit processor board with a
schematic representation of fhe base processor and the base receiver/transmitter;

Fig. 7 is a side view of a tube and hose fitting that is used to attach an

i
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regarding the pressure in the mattress.
- 3- One previous design of pressure control for air mattress
i nvol ved  kefipihghilebs tiitte P8I € constant at aII times whether the user

was on the mattress

Fig. 8 is a perspective view of the hose fitting that connects to a
receptacle in the base unit;

Fig. 9 is a cross sectional view of a receptacle in the base unit which

5 accepts thé hose fitting of Fig. 8; _

Fig. 10 is a side elevational view of the faﬁ unit and air distribution
unit mounted on the lower housing portion of the air pumP housing;

Fig. 11 is a top plan view of the fan unit and air distribution unit

. mounted on the lower housmg portion of the air pump housing;

10 Fig. 12 is an elevational view, taken from the right side as depicted in
Fig. 4, of the fan unit and air distribution unit mounted on the lower housing
portion of the air pump housing;

Fig. 13 is a side elevational view of the fan unit;
Fig. 14 is a sectional view taken from the perspective of line 14-14 of

165 Fig. 13;

Fig. 15is a side elevational view of the fan of the fan unit;

Fig. 16A 1s a top plan view with phantom lines depicting the power
board b_erpeath the impeller;

Fig. 16B is a schematic partial section view of a re-oriented pump

20 housing and base;

Fig. 16C is a schematic partial section view of a re-oriented pump

- housing and base with improved air routing means;

[ ———
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aI I ovved for a preset pressure to be set._ One probl emwith this arr angenent
was the dramatic change in pressure at the time a user applied weight to
the mattress. The ai rFxg-rra'Zusés&mplknt viewawé the aindéatribiition rurdt syith tthe right
support nmuch of the users weight in order to prevent the escape of |arge
vol unes of salanociflivalve shotvat imphehenpr essure at  the previously set val ue.
The internal structure interfered with the confort advantages of having an

air supported mattr eﬁ;i; 18A is a side elevAtiohdleviewrest the aif distribeiion tedcwith the
unit provided a digital display of
right and left solenoid valves shown in phantom;
5 | Fig. 18B is a perspective view of the inner portion of a snap-fit air
distribution unit; '
patuit
- Fig. 18C is a partial perspective view of the gwide of a snap-fit air
distribution unit;
. Fig.18D is a partialltop perspective view of the outside of a snap-fit air
10 distribution unit; .
Figs. 19a-19¢ are flow diagrams depicting the processing steps of the
hand control processor ﬁpon pressing one or two buttons;
Fig. 20 is a flow diagram depicting the transmission sequence followed
by the hand control processor; -
15 Fig. 21 is a flow diagram depicting the overall operation of the base
Processor;
Fig. 22 is a flow diagram depicting the receiving and deéodz‘ng of
messages by the base processbr; and
Figs. 23a-23¢ are flow diagrams depicting the processing of time
20 dependent actions by the base processor.

E I( N

Fig. 1 contains a view of a resilient support 10 in conjunction with an
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user could either use a constant pressure nobde where the pressure could be
set by the wuser. The user also had the option of using a nanual node where

the pressur eaivedntrobbyient irc attdkdnicebiwithheprebdint insettiati. r Bediligntcsuppost 18ds
the flow of fluid into or out fromthe mattress. In these

previ ous despgfierably atthddfited bed andefiots\prefepdlyptn aibbéd ésaemmbdate one or
bl adders, two hand control units were supplied with each controlling its

respective ainpr®hadhis. REBREAOHS PGt RO TR p¥haalgreeRAgaladasé o IBoxossting
could not assist their bed partner on the other side of the bed with an
adj ust ment  gfinik 49 fdabted to be supported on a floor or a frame engaging the floor. A mattress
§ unit 14 is located on top of box spring unit 12. Mattress unit 14 has a generally
panshaped resilient member 16 having upright linear side edges 18 and 20 joined to
a transverse front edge 22 and a comparable transverse rear edge 24.
Side edges 18, 20, front edge 22 and the rear edge 24 are integral with the

peripheral portions of a generally flat bottom 26 to form therewith a generally

10 rectangular chamber 28. A pair of side by side longitudinal air bladders 30 and 32 are
located in rectangular chamber 28. The air bladders 30 and 32 comprise air
mattresses or air bags that can include a plurality of transverse and/or longitudinal
chambers adapted to accommodate air under pressure. The air bladders 30 and 32
are of a size to fill rectangular chamber 28. Commercially available air bladders vary

15 in size from 23 to 34 inches wide and 67 to 84 inches long. Preferably, the air
bladders 30, 32 have an inflated thickness of 5.5 inches. Other types and sizes of air
bladders as well as bladders designed to accept other fluids, e.g. wafer, can be used in
matiress unit 14 for resiliem.: support 10. /

A generally rectangular cover 38 fits over edges 18, 20, 22 and the rear

20 edge 24 to enclose the top of chamber 28. As shown in Fig. 1, a portion of the cover
38 has been rolled back to illustrate the side-by-side placement of air bladders 30, 32

in rectangular chamber 28.
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of the bed. The hand control unit's were physically attached to the -control

unit, thereby restricting the |ocation of a particular unit.

-4- The air control system 40, in accordance with the present invention,
functions to provide air under pressure to alir bladders 30, 32 and to control the
pressure of the air bladders 30, 32. The air control system 40 includes a hand control
unit 42 and a base unit 44.

5 ntrol Unit Embodiment

Hand control unit 42 shown in Fig. 2A is preferably a remote unit
physically unconnected to the remainder of the air control system 40. Fig. 2B shows
an alternate embodiment hand' control unit 742, which comprises an analog

. pressure gage indicator 804, and air control buttons 806, 808. Hand control unit 742
10 is preferably used with the alternate pump configuration described in relation to Fig.
16B, although it is useful with various pump configurations.

The hand control unit 42 allows a user to control the air pressure
within the air bladders 30, 32 while lying on the mattress unit 14 or in any other
position in the vicinity of the air control system 40. Hand control unit 42 is

15 preferably used with pump 152 described later below, although it is useful with
various pump configurations. _

The top surface 102 of hand control unit 42 contains a digital display
104, two buttons 106, 108, aﬁd a two position switch 110. Digital display 104 presents
information received from the base unit 44. Preferably, the digital display 104 is

20 made ﬁp of a liquid crystal display (LCD). The LCD is made up of two digits 112
ranging from 0-9 and a half digit that can only be a 1 or unilluminated. In this

preferred embodiment, each digit 112 is made up of 7 segments 113, as shown in Fig.

10
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m nimal . The constant pressure systems involved a periodic exam nation of
the pressure and a conparison with the desired value. Air was then added or

removed as gjeewetheidlfdipaviIdal nHRDSy BE 8o iskgmerdeads! theabp aha Hoentles tietl
pressure. In the manual control designs, thé operator directly controlled

the punp anphd fguid eiy%eeﬂeuisgulay% MRCKBLY tlvd PRIEABIY Sbbd LR eilteing! diddks.Of

the mattress. ectric notor driven purnps have been uséd in the

e sony DS Al LA GBS R, LAl BRI, e
utilized whgp tilEadE BoYSE" PPBRrably, the button (either 106 or 108) which is designed to
5 increase the pressure in an air bladder has a protruding top portion as felt by the
user, while that button designed for deflating or reducing air pressure in an air
bladder is designed with a depressed top portion as felt by a user. This further
optimizes the ergondmics of the hand control unit and facilitates use without even

viewing the unit.

10 The two buttons 106, 108 and the switch 110 provide for the
communication of a command from the user to the air control system 40. The two
buttons 106, 108 are adapted to be used by the user to initiate an inflation or deflation
cycle, request the display of the current pressure or to instruct the base unit 44 to
recognize the hand control units 42.

15 | The position of two position switch 110 selects the air bladder 30, 32 on
which the operations of the hand control unit 42 will fﬁnction. The top surface 102
of the hand control unit 42 cﬁn include markings indicating left or right. near the
corresponding side of switc'h 110. The pfeferred convention for determining the
Ieft/right side of mattress unit 14 is from the perspective of a person laying on their

20 Dback with their head in the proximity to the front edge 22 (hose side) of the mattress
unit 14, although other conventions can be used. For a system having a single air

bladder 30, either position of the switch 110 will allow adjustment of the pressure in

11
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atmosphere necessary to induce sleep. The nost frequent cause:of noisy
operation of such punps is the rigid nounting of the fan notor to the punp

housi ng. Sutdaik ibladterB0unk YrHode ig iSed k6 avtabli did base (AI4NR the mattress ahitd4by
the punp notor to the punp housing and to the environment around the punp.
Furt her avggueseribed Balgw.e transm ssion to the environnent in air punps are
the supply air inlet and the <cooling air inlet. Sound insulating and

danpening material s R@Ml‘ﬂn?&omiy 4, het intétier o tingphamd @oatrendnitotlscorgsinsbut
only at the risk of ther I nsul ati on and resultant
: portable power supply 116, a hand control processor 118 and a hand control
5 receiver/transmitter 120. The portable power supply 116 is made up of a disposable
battery or a rechargeable battery. The hand control processor 118 receives input from
buttons 106, 108 and base unit 44 through hand contro! receiver/ transmitter 120 and
sends output to digital display 104 and base unit 44. The hand control processor 118
is a digital processor, for example a Motorola MC68HC05P4 microcontroller with a
10 Ilitfle more than 4 Kbytes of ROM (program) memory, 176 bytes of RAM memory, 20
I/O port pins, 1 input-only port pin, 1 timer output pin,. and a 16-bit
capture/compare timer. The softwate for the hand control processor 118 is stored in
the ROM memory during fabrication. The hand control processor 118 is
"permanently encoded at manufacture with an eight bit unit ID code and a four bit
15 revision code for the software version by the selection of ap'propriate resisters
within the hand control unit 42. Hand conirol receiver/ transmitter.120 is adjusted
to a proper electrcmagﬁetic frequency to receive from and transmit to base unit 44.
The hand control receiver/ fransmitter 120 can receive radio signals or transmit
radio sigﬁals, but it cannot transmit and receive at the same time.
20 _ B it E
The base unit 44 of the present invention is depicted in Fig. 5. The base

unit 44 contains 2 motorized pump 152, pressure sensors 156, 158 (Fig. 10), and a base

12
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the industry to provide a quiet punp in which the noise and vibration of
the fan notor is danpened with respect to the punp housing and wherein

adequat e coghitrisroadssirpebeurarls0UER! 1 VR SREfetMAE 08 Fig16, thdbideltbeeskihg Bdard 160
inlet and cooling air 1nlet shoul'd be designed to mnimze the
contains the base processor 162 and the base receiver/transmitter 164. The base unit
44 is connected to air bladders 30, 32 by way of flexible tubular lines or tubes 166, 168
through inlet receptacles 170, 172, Tubes 166, 168 allow the air control system 40 to
5 place additional air or to remove air from the air bladders 30, 32 to achieve a desired
air pressure within the air bladders 30, 32. For a single air bladder 30 mattress unit -
14, tubes 166, 168 c.:an be replaced with a Y-shaped tube (not shown) so either the
right or left side commands will effect the single air bladder 30 or, alternatively, the
. unused inlet receptacle 170, 172 can be plugged. An electrical plug 174 is designed to
10 be comec;e_d to a conventional ac power receptacle. An electrical power cord 176
connects plug 174 to base unit 44.

The base receiver/transmitter 164 is tuned to an electromagnetic
frequency that is preferably selected to be in the radio frequency range. The
electromagnetic frequency is preferably within the range from 315 MHz (106 Hz) to

156 350 MHz. The selection of the radio frequency part of the electromagnetic spectrum

enables the clear transmission of the signal without the need for the user to point
the hand control unit 42 at the base receiver/ transmitter 164. The Signﬁl is
transmitted in digital form at the rate of 833 bits per second. The base
receiver/transmitter 164 can receive radio signals or transmit radio signals, but it

20 cannot transmit and receive at the same time.
The pressure sensors 156, 158 are standard piezoelectric pressure

sensors such as those available from IC Sensors Inc. The cap on the pressure sensors

13
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i nportant advance to provide a rmlti-speed m)tor to provi de for optimal
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punp unit, Wwhere the user cou con airr ers case
e each. St ok SR b s
- and to perform the analog to digital conversion is also standard in the art.

5 The processor i:o?is a digital processor, for example Motorola
MC68HCO5P6 microcontroller with a little more than 4 I.<bytes of ROM (program)
memory, 176 bytes of RAM memory, 20 I/O port pins, 1 input-only port pin, 8-bit
analog to digital converter, and a 16-bit capture/compare timer. The software for the jrocss

. 162 is stored in the ROM memory during fabrication.

10 Referring to Figs. 7, 8 and 9, tube 166 is shown in conjunction with a
tube fitting 180. Tube fitting 180 is selectively, detachably received within an inlet
receptacle 170, 172, it being understood that the tube 168 is identical in construction
with tube 166. Fitting 180 is preferably comprised of a one piece, synthetic resin,
generally tubular body 182. The fitting body 182 includes a tube receiving end 184, a

186 body midportion 186, and male connector head 188.

The male connector head 188 inclﬁdes an enlarged sealing portion 190.
The sealing portion 190 carries a sealing o-ring 192. Connector head 188 also
includes connecting tip 194. Connecting tip 194 indludes a pair of generally semi-
clrcular in cross section prongs 195, 196. The prongs 195, 196 are arranged on the Hp

20 194 in mirror image fashion. Each of the prongs 195, 196 include an axial pértion

197 extending outwardly from the enlarged portion 190 of the connector head 188,

and a half-circumferential portion 198 arranged in generally L-shaped fashion with

14
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5 head 188 of a respective hose fitting 180 is detachably received within a respective
receptacle 170, 172, with the sealing O-ring 192 carried by ﬁxe erdarged portion 190 of
the connector head 188 received in sealing contact with the receptacle internal side
wall 201. A boss 200 of one of the-two connecting head prongs 196, 197 is detachably
received within the aperture 203.
10 Pump 152 has three major subcomponents: pump outer housing 202,
fan unit 204, and air distribution unit 206.
Pump outer housing 202 has t&ee subcomponents: lower outer
housing portion 208, upper outer housing portion 210, and flexible mount 212.
Generally, the lower outer housing portion 208 provides the mounting.base for the
15 fan unit 204 and the upper outer housing. portion 210. The upper outer housing
portion 210 is mated to the lower outer housing portion 208, enclosing the fan unit
204 without physical contact therewith. Since the upper outer housing portion 210
of pump outer housing 202 is not in contact with the motor unit 204, mechanical
dampening of the fan unit 204 is required only between the fan unit 204 and the
20 lower outer housing portion 208 to which the fan unit 204 is mounted in order to
minimize vibration and noise transmission.

Referring to Figs. 5, 10 and 11, the lower outer housing portion 208 is

15
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al | HREE e E&ré%&z%é%?ébmtﬁgm?lf rnmess SF BbIHEFAE¥E SV A a doubl e bl addessees
air mattress independently of each other. - The hand held

control unit comrunicates with the base unit by way of a radio
transcei ver .cobprisabef abrse dtfhindperipheral liprikigi tlower ovter hansingapertion 20%is
measure of the air mattress firmmess, and responds to commands fromthe
hand hel d upreferablychadegef & ieerfriaplsséis snaserialh el healoase @38 is designed to be generally
flat in order to facilitate being placed upon the floor proximate to the air bed. 'I’he‘/‘,
~ peripheral lip 214 has an upper margin into which interlocking marginal grooves CE 7
5 215 are formed.

Four upwardly directed support pbsts 216 f;:r fan unit 204 are formed
integral with base 213. The support posts 216 project above the upper margin of the
peripheral lip 214. The support posts 216 have a central bore 218 defined therein to
facilitate the passage of a connecting screw therethrough. Smaller connecting posts

10 219 are also formed integral to base 213. Connecting posts 219 are designed to
facilitate the connection of the upper outer housing portion 210 to lower outer
housing portion 208. A central bore 220 is defined in connecting posts 219 in order
to facilitate passage of a connecting screw therethrough. |

A helical wall 221 is formed integral with base 213. Helical wall 221

15 defines a portion of helical air intake passageway 222. Helical air intake passageway
222 extends from central chamber 223 outward to intake mouth 224. Helical air
intake passageway 222 is defined by base 213, helical wall 221, and flexible mount 212.

The intake moﬁth 224 has two adjacent intake openings 225a and 225b,
separated by a central support 226. Support tabs 228 overlie supporting structure 229

20 formed in base 213. Screws 230 are threaded through bores formed in support tabs

228 and then threaded into the supporting structure formed in base 213 to affix

intake mouth 224 to lower outer housing portion 208.

16
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-6-[ RECE”%%P'%%%;ZB Sea ot orT zed punﬁnGFss%é??é'gF% POF SB)eFati ng at sever ap sgpes
speeds to mnimze noise while optimzing punping conditions. The notor
speeds can be stepped through a pre-determ ned manner ;to obtain optim um
nmotor speed while at % ﬁ@‘?esﬁﬂéé ?\?ﬁrﬁf?ﬁﬁﬁ £ gheYeiies EHpke PERREs PP eRRsht
overheating. The base wunit is specially designed to prevent transm ssion
of undue noR8¥P-ndhe aose plete B is shrsngthened byigussete23ur r oundi ng envi r onment .
M croprocessors in both the hand

A cooling air mouth 238, dépicted in Fig. 12, is also affixed to lower

outer housing portion 208 of pump outer housing 202. The cooling air mouth 238 is
5 generally located diametrically opposed to the intake mouth 224.

Cooling air mouth 238 has a cooling air in.take 240 defined therein,
The cooling air mouth 238 is affixed to base 213 as previously described by means of
support tabs 242 and screws 243. - A sealing plate 244 projects from and overlies the
cooling air intake 240.

i0 The flexible mount 212 is placed atop base 213 of lower outer housing
portion 208. The central underside position of flexible mount 212 is supported upon
the top portion of helical wall 221,

Flexible mount 212 has a central aperture defined therein. The central

aperture 244 is in registry with central chamber 223 of helical air intake passageway
15 222, Cutouts 246 are provided in flexible mount 212 to accommodate the passage of
support posts 216 therethrough.

Flexible mount 212 is formed of a relatively thin lower flexible rubber
portion 248 and an upwardly directed relatively thick foam rubber cushion 250. The
foam rubber cushion 250 is preferably bonded to flexible rubber portion 248. Flexible

20 mount 212 is formed in a generally circular shape.
| The upper outer hoﬁsin_g portion 210 of pump outer housing 202 is

formed generally in an inverted bowl shape, having a top portion and side portions

17
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hel'd" Congarobe-asse tom=base unit all ow For the optim zation of punping P.59/85

conditions wthout interaction of the user beyond selection of a desired

firmess. .. BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 1 is adefimingeatqopsidarableodenth. aUppee @utgsahoysing postier i2dA hagedigeneraliyn

conjunction with an air control systemin accordance with the present

i nvention; cylindrical centerrjagtionRé0swithppiquared eorrets a6h263. cHm petipheiyn obthe

the air control system Fig. 2B is a plan view of "a hand

control unilovedr powticei of squianed| cosyext 262 is designed to mate with the nose plate 232 of
intake mouth 224. The periphery of the lower portion of squared corner 263 is

5 designed to mate with the sealing plate 244 of cooling air mouth 238,

Pressurized air outlets 264 are defined in squared corner 263, The lower
margin of the side portion of upper outer housing 210 has interlocking marginal
lips 268 defined thereon. Interlocking marginal lips 268 are designed to mate with
interlocking marginal grooves 215 formed on the margin of lip 214. Downwardly

10 directed mounting posts 270 are designed to be brought into registry with connecting
posts 219 formed in base 213. Upwardly directed screws (not shown) are passed
through the central bore 220 of connecting post 219 and threaded into mounting
posts 270 to effect the mating of upper outer housing portion 210 to lower- outer
housing portion-208.

15 The fan unit 204 of pump 152 is best viewed in Figs. 13 and 14 and has
two major subcomponents: fan housing 280 and two stage fan 282. The fan unit 204
is preferably fully assembled prior to installation within pump housing 202. To
facilitate such assembly, the fan housing 280 is formed in two halves 280a and 280b,
enclosing the two stage fan 282, The sectional view of Fig. 14 depicts housing half

20 280a of housing 280 with the fan 282 installed therein. The two halves of fan
housing 280 are held together by screws 276 threaded into supporis 278.

Fan housing 280 has structure defining a lower impeller chamber 284.
18
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Fi §.FFRZE SEEAE VFERSt one IPT tPRHM TREFAI T digit of the di spleyes
of the hand control wunit; Fig. 4 is a schematic view of the
i nside of the hand control unit; Fig. 5 is an expl oded view of
t he base urlidawer impelleri chansbdrragd isylsidesta central air inlet 28 idgfinéd ilserairt ofemmtrain
view of the base unit processor board wwth a schematic representation of
the base praicidsb28aisdint fleicbflowr canmiuvédationaseitiid tantral chamber 223 of héli@l ait
is a side view of a tube and hose fitting that Is used to attach an
intake passageway 222 when fan unit 204 is mounted to lower outer housing
portion 208.
5 Upper impeller chamber 288 defines the second chamber for two stage
fan 282. Upper impeller chamber 288 has an air outlet 290 designed to exhaust
pressurized air from fan unit 204.,
Lower impeller chamber 284 and upper impeller chamber 288 are
, fluidly connected by air passageway 292, designed to convey pressurized air from
10 lower impeller chamber 284 to the upper impeller chamber 288. -
A eylindrical core 294 is formed between lower impeller chamber 284
and upper impeller chamber 288. Core 294 has cooling air inlets 296 defined therein.
Two O ring grooves 298 are formed around the inner diameter of core 294.
To facilitate the mounting-of fan unit 204 to base 213, four mounting
15 slots 300 are formed integral with the external portion of lower impeller chamber
284. Rubber mounting grommets 302 are inserted into mounting slots 300.

Mounting grommets 302 have a central bore defined therein that is brought into
registry with the central bore 218 of support posts 216.

Referring to Figs. 14, 15 and 164, the two stage fan 282 of fan unit 204 is

20 a variable speed unit designed to operate at various selected speeds. Fan 282 has a

first stage impeller 306 and a second stage impeller 308. First stage impeller 306 is

rotationally mounted within lower impeller chamber 284 and second stage impeller

19
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[ RECEIVED B9/26 13:;29 1996 AT 5330694 .PAGE 61 (PRINTED PAGE &1) ] ) .
- 7- afFP-PilBPese? 89 t he base unit; Fi.g. 8 is a perspe®.syvams

view of the hose fitting that connects to a receptacle in the base unit;

Fig. 9 is a cross sectjonal view of a receptacle in the base unit which
accepts t hed0fdsaotgtionally meunteg ingupper impeller chamber 288.

The impellers 306, 308 are mirror images in construction and have
curved imp‘eller vanes 310 mounted on an impeller disk 312. Preferably, there are
eight radially directed curbed impeller vanes 310 on each impeller 306, 308.

5 The fan motor 314 is mounted on an ax‘ially shaft 316 extending
between first stage impeller 306-and second stage impeller 308. A small cooling fan
317 is mounted on axially shaft 316.

The motor 314. is mounted within housing 318. Two cooling air inlets

’ 320 are formed within housing 318 to admit cooling air to cooling fan 317. Cooling

10 air outlets (not shown) are formed in the bottom portion of housing 318
approximate first stage impellér 306. Power leads 324 are brought into the top
portion of housing 318 in order to power motor 314, by means of a power board 325.
Power board 325 is affixed to housing 318 and is stabilized within fan housing 280 by
clips 326.

'1 5 The two stage fan 282 is mounted within fan housing 280 by two O
rings 328.. The O rings 328 are compressively held within O-ring grooves 298 of fan
housing 280. No portion of the fan 282 is in physical contact with the fan housing
280. Accordingly, the two O 'rings 328 provide dampening of vibrations generated by
the two stage fan 282, thereby minimiziné the transmission of such vibrations to fan

20 housing 280.

Various modifications of pump 152 are possible within the scope of

this invention. For example, it is possible to re-orient the motor 314 and impellers

20
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. [ RECEIVED @3/26 13;29 1996 AT 533069 . PABE 62 (PRINTED PABE 62) 1 . ) ) )
Fig. 10 eeP-a5<iceke ed:egat| onal view of the fan unit and air distributiof-62785

unit nounted on the | ower housing portion of the air punp housing;

Fig. 11 is a@é%B pl an vi ew Qf_._,_g he fan unit and air distribution unit

mount ed on B REPTREmately SPoralative o base21d; Fipuths shwne heide schematic view
Fig, 12 is an elevational view taken fromthe right side as depicted in
Fig. 4, of ohe marorignted apartial r(lawer rpensiarinfamihousing 288’ gositipnedowbpve a
housi ng portion of the air punp housing; Fig. 13 is a side

el evat i onal scliesvatifbase@18%an. uni t ; Fig. 14 is a sectional view
taken fromthe perspective of |ine 14-14 of

In this embodiment, at least one portion of housing 280 is removed to

5 accommodate a secure contact with base 213'. This configuration results in air
intake at inlet 904 after routing through base 213, and then routing of the air
through the central chamber and impeller chambers substantially as described
above.

The vertical rather than horizontal orientation of the fan housing 280’

10 allows additional volume of space between housing 280' and ar outer pump
housing generally adjacent to air inlet 904. This is quite useful for placement of
circuitry and electrical components for controlling the pump. However, the
elimination of portlons of the housing also re-shape the overall configuration of the
pump outer hOusing as a smaller, more circular (in plan view) layout relative to the

15 pump 152 shape and size described in relation to Fig. 5.

Fig. 16C further illustrates air chamber modifications to improve the
efficiency of air being pressurized within housing 280", Lip 945, shown in shaded
lines, is designed to route air in and out of the impeller chambers. However, this lip
has been improved by lengthening to a new shape designated 946. Lip 946 more

20 efficiently routes the air by extending further into the air flow.

A further air routing improvement is shown in Fig. 16C. This

improvement is schematically similar to the lip extension in its utility with either

21
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Fig. 13; SEP-26-19% @@:23rjg. 15 is a side elevational vieéew of the fan of Ptémss

fan unit; Fig. 16Ais a top plan view with phantom i nes
depicting the power board bepeath the inpeller; _ Fig. 16Bis a
schematic p&he irgdorisnted pymp ehovr in Fig. dggerm the pump 15dekewy iantrriguseprior
g bass w EEFeD: Oaes 208 depigts Hup fEad. rofation of an impeller Within &n impéller
chamber. Line 970 depicts an inner wall of an impeller chamber, with the distance
between the lines being less thaﬁ about 1/4", and more preferably about 1/8". The
5 remainder of any previous chamber volume is preferably eliminated (as shown by
diagonal lines 985). The overall reduction in chamber volume reduces wasteful
vortices and improves the efficiency of pumps using this improvement.
Referring to Figs. 10,17 and 184, the air distribution unit 206 of pump
. 152 is fixedly mounted on pump outer housing 202. The housing 330 of air
10 distribution unit 206 is preferably made of a thermoplastic material and is
conventionally coupled, in one embodiment, to fan housing 280 by screws. .
Alternate embodiment air distribution units 206', are shown in Figures 18B, 18C,
and 18D. Air distribution unit 206" is designed for ease and economy of assembly by
use of snap-in and snap-fit portions. These portions, such as solenoid retaining
15 resilient fingers 331 and snaprit portions 332, eliminate the need for assembly
screws, thereby increasing assembly speed. Precise manufacturing of embodiments
as shown in Figures 18B-18D further enhance the overall quality and
competitivenass of producfs manufactured according to this invention. Air
distribution unit 206 has a pressurized air inlet 332 that is fluidly coupled to the air
20 outlet 290 of upper impeller chamber 288.

Air distribution system 206 further includes a left pressurized air outlet

334 and a right pressurized outlet 336. The left pressurized outlet 334 is connected to

22
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. [ RECEIVED B89/26 13:3@ 1996 AT.533G69 PAGE &% (PRINTED PAGE 64). : :
Fig. 17 e&P-a6t18ps pb@mr3vi ew of the air distribution uni E Wth the rightpr.s4sss

sol enoi d val ve shown in phantom Fig. 18Ais a side
el evational view of the air distribution unit with the right and |eft
sol enoi d valavBexibhovonduit 3BZnaad) flexible conduit 337a {s connected to a pressure sensor
| 156. The right pressurized air outlet 336 is similarly connected to conduit 337b
which is connected to pressure sensor 158. Left pressurized outlet 334 is in fluid
communication with tube 166 which is in free pressure communication with a first
5 air bladder 30 of the matiress unit 14. The right pressurized outlet 336 is similarly
connected to a second air bladder 32 by way of tube 168, The pressurized air flow to
the aforementioned two bla&ders 30, 32 is controlled by a left solenoid valve 338 and
right solenoid valve 340. Air flow proceeds through the solenoid valves 338, 340
. through inlet receptacles 170, 172 into tubes 166, 168 to achieve air communication
10  with the air bladders 30, 32. Actuation of valves 338, 340 withdraws the solenotd
shaft 341, thereby épening the inlet receptacles 170, 172.

In assembly, flexible mount 212 is first placed upon base 213 of lower
buter housing portion 208. Flexible mount 212 is positioned with respect to intake
mouth 224 and cooling air mouth 238 such that air entering intake openings 225a,

15 2254 is directed beneath flexible mount 212 and air entering cooling air intake 240 is
directed above flexible mount 212.

Fan unit 204 is then placed on top of the foam rubber cushion 250 of
flexible mount 212, Suitable. screws 348 are passed thrbugh the central bores 2.18 of -
support posts 216 and are threadedly engaged with rubber mounting grommets 302

20 that are in the mounting slots 300 of fan housing 280. As these screws are tightened, -

the fan unit 204 is pulled Into compressive engagement with the foam rubber

" cushion 250 of the flexible mount 212. The rubber mounting grommets 302 come

23
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. . 5330694 PABE 65 (PRINTED PABE 65) 1 .
FitgtEca B 04En éﬁ’r&ggﬁ ve view of t fe | hner portion .of a snap-fit airP-6585
di stribution unit; . Fig. 18Cis a partial perspective view of
the outside of a snap-fit air distribution unit; Fig. 18D is

a partial ifts QeApReSve\Ehgupainent witle thelsapgertoposts MNép-By tthisimeans, the fan
di stribution unit; Figs. 19a-19c are flow diagranms depicting
the procesghitot RPReldf int fiRed kapshanaky dlithpiiec kesar outorhqustss pogtiom@08 of
two buttons; Fig. 20 is a flow diagram depicting the
transm ssi gy QUeICRothE @029 At the same tlme, vibrations generated within fan unit
204 are damped by the foam rubber cushions 250 of flexible mount 212 and the
5 rubber mounting grommets 302. Accordingly, the transmission of vibrations from
fan unit 204 to lower outer housing portion 208 of the pump outer housing 202 is
minimized. The upper outer housing portion 210 of pump outer housing 202 may
then be installed over the fan unit 204 and air distribution unit 206 without the
physical contact therewith,
10 The service unit (not shown) performs all of the function of a hand
control unit 42 in addition to various diagnostic checks of the base unit 44.
Operation of the Base Unit Air Pump
In operation of the base unit air pump 152, air is drawn in through
intake opening 225a, 225b 'to helical air intake passageway 222. Fan noise being
15 transmitted out through a straight line air intake w%s a source of noise in
conventional air pumps. In contrast, the helical air intake passageway 222 acts to
minimize the transmission of fan noise therethrough. '
The air is draw'n from central chamber 223 of the helical air intake
passageway 222 through air inlet 286 and lower impeller chamber 284. The air is
20 pressurized and accelerated by the rotating of first stage impeller 306. Such

pressurized air is then forced through air passageway 292 to the upper impeller

chamber 288. The air is then further pressurized by the rotating second stage
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2661898 082:@A 0CesSor ; S a flow di agr anf.s6/85

dep| cting the overall operation of the base processor; Fig.
22 is a flow diagram depicting the receiving and decodi ng of nessages by

t he base pr émpelier30&nThe pressurized air is Expelledfran?8m hoevsifif @80 diagiraoreliet 292
depicting the processing of tinme dependent actions by the base processor.
DETAI LED DEfcRhPTAiOMi€FithiEod NWENEOEN The air distribution unit 206 then distributes

10

15

20

pressurized air to one or both of the air chambers of the air bed as determined by the
left solenoid valve 338 and right solenoid valve 340.

Cooling air is drawn in through the cooling air intake 240. The cooling
air floods the space defined between the upper outer housing portion 210 of pump
outer housing 202 and the fan unit 204. The cooling air is drawn by cooling fan 317
through the cooling air inlet 296 and into the housing 318 of the two stagé fan 282,
The cooling fan 317 forces the cooling air downward through motor 314 of the two
stage fan 282 and out through the cooling air outlet. The cooling air outlets open
into the lower impeller chamber 288. The cooling air is then pressurized by the first
stage impeller 306 and mixed with the alr received from central air inlet 286. The
cooling air is then provided to the air bed via the air distribution unit 206. The
foregoing cooling air path acts to r.ninimize the transmission of fan vibration and
noise therethfough.

Operation of the Air Control System

The function of the air control system 40 relies on the commt-mic:ation
link between the base unit 44 and the hand control unit 42. Communications are
always initiated by either a hand control unit 42 or a service unit. A base unit 44
transmits only in response to messages it receives from the other units. A preamble
to the message provides a sequence during which the receiver can synchronize with

the transmitter. A preferred preamble consists of 14 zero bits followed by 2 one bits.

25
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air control systemin accordance with the present invention. Resilient
support 10 is preferably a fluid filled bed and nore preferably an air bed

o accommdate One OOl S she! 890Hins TPbl! B Her2 AR indfRa8Ind oHABk LY
addressee of the message, a 4 bit revision code which indicates the version of the
software and a four bit instruction. Hand control units 42 place their particular ID
into messages that they send. All service units put the same ID, all zeros, and

5 revision code, all zeros, into the mességes that they send. The 8 bit ID allows for 256
different IDs for the hand control units 42 with the one reserved for service units.
The 4 bit revision code allows for 16 different software versions, and the 4 bit
instructions allow for 16 different messages. It requires about 1200 microseconds to
transmit each bit. |

10 A base unit 44 responds to messages only from service units or from
hand units 42 that it recognizes. A base unit 44 puts the destination unit’s ID in the
response message. A base unit 44 maintains a list of hand ﬁnit IDs that it recognizes,
up to two. The list can be entered by any hand control unit 42 during the first 256
secs. after the base unit 44 is powered on. This facilitates the initalization of the list

15 of recognized hand control units 42, If there is a power outage or the base station is
unplugged, previously entered IDs will be remembered by the base unit 44, and
reinitialization will not be required. Also, the hand unit introduction procedure,
described below, can be used by a recognized hand contzol unit 40 whenever the base
unit 44 is not busy with an adjustment. The hand unit introduction procedure

20 completely rewrltes the list of recognized hand control unit IDs.

The hand control processor 118 responds basically to the pressing of

one or both buttons -106, 108. Referring to Fig. 19a, if the hand control processor 118

26
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. L RECEIVED 83/26 13.32 1996 AT 5338694 PABE 68 (PRINTED PAGE 68) 1 .
unit i) SeEpe-adss oedes supported on a floor or a frane engagi ng the fl obsesgs

mattress unit 14 is |ocated on-top of box spring unit 12. Mattress unit 14
has a generally panshaped resilient nenber 16 having upright |inear side

edges 18 andielfrrhitied QHatt feittr buABAMOES 0 .Is%b‘izagﬁg@ssﬂaﬁﬂdp a00,0eHaM €ontrol
transverse rear edge 24. Si de edges 18, 20, front edge 22 and

the rear edggroedssara1BHeRsin@hedwdHthdiCtheP@hil B eLALN P id itRO 8le@) rAode R Rt at
flat bottom™26 to formtherewith a generally rectangular chanber 28. A

Pgic{ a(r)If Si dest@ﬂ 491.9¢r {tQpgl triide rkf’éep%ﬁd@,l addaird &hai @r&%ﬁftﬁttiﬂt@:ﬁ 3hQHe sleep
gul ar chanmber 28. The air bladders 30 and 32 conprise air
mode 402, If it was not in the sleep mode at step 401, the hand control processor 118
5 next determines whether 10 seconds have passed without activity at step 408, as
depicted in Fig. 192. The buttons 106, 108 are checked every tenth of a second. If 10
seconds have passed without activity, step 408 proceeds to step 410 where the digital
display 104 is turned off, and the hand control unit 42 enters the sleep mode to
conserve power. If 10 seconds have not passed without activity, the hand control
- 10 processor 118 checks at step 403 if buttons had been disabled and the disabling
condition has been removed. If there were disabled buttons, the buttons are freed:
from beiﬁg disabled at step 404, and the processor continues with step 400. If at step
403, it is determined that no buttons are disabled, the hand control processor 118
continues with step 400.

15 Referring to Fig, 19b, if the hand control processor 118 determines that
a button 106, 108 is being pressed at step 400, the hand control processor 118 initiates
the processing of the siénal from the buttons 411. First, it is determined wﬁether the
control is in its active state a.t step 412. If the hand control unit 42 was in sleep mode
when the button 106, 108 was pressed, it switches to wake-up mode (step 414). At
- 20 wakeup 414, the hand control unit 42 zeros its RAM memory, turns on the power to

the display 104 and initializes much of the rest of the system.

After a wake-up mode is initiated at step 414, the hand control

27
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et PEEEYERO%E0 L3532 dRELT(RME™an i nclae® R BIUFal "ty "0t " transver se and/®messes
| ongi tudi nal chanbers adapted to accommdate air under pressure. The air

bl adders 30 and 32 are of a size to fitl rectangul ar chanber 28.
Conmrer ci al | y r irde
and 67 to 84p I nc sb?fihgr}-g u%ér?ie?}@ &E)r?eﬁ/taérﬁgﬂaﬂgrﬁbszblﬁdtgfmgg%ohﬁi?tgéhf Zsoﬂ’\!h@

inflated t hggéé{r}géﬁnﬂal ﬁ'agsﬁﬂﬁi}??ecegepng traYPFe?I ?Bd t% &%%v Qiprédsure %&gdf&ﬁexﬂs

wel |l as bla esigned to accept ot wat’er, can be used

in mattressg lEdcl)ﬁxt theé Hst ! '33 éﬂr&%poﬁt re}.ﬁgnse frgm Base unit 48 ig%&ﬁﬁéd Ténd

rect angul ar co ts over 2 and the rear edge 2

enclose the §aRd4h ﬁ@?ERSrthé%sp‘}ﬁy 30PY upBateki%20l TiRerD Bhd hoRA %n&gfepﬁgaéggor

5 118 sets a timer counting 422, and returns to determine again if a button 106, 108 is
depressed 400 when the appropriate time to check the buttons is reached. The value
from the timer can be used for the later determination of how long the button has
been depressed.

If at step 412 the hand control unit 42 was in an awake mode, it is

10 determined which buttons are depressed at step 424. To make this determination,
the hand control unit 42 reads the buttons 106, 108, every tenth of a second and
_updates a byte that shows which buttons are pressed. The relatively slow sampling

rate provides an effective means of debouncing the buttons. After determining
which buttons are depressed at step 424, the hand control processor 118 determines if

- 18 the buttons are disabled 426. If the buttons are disabled at step 426, the program
continues with step 400. If the buttons are not disabled, the proéram continues with

step 428. The hand coﬁtrol processor 118 keeps track of the buttons 106, 108 that

were pressed on the previous reading. It is then determined if the same buitons -are
depressed which had been depressed at the last determination 428. If different

20 buttons are depressed, the buttons are disabled at step 430, and they remain disabled
until released, see step 403. The program then continues with step 400. Buttons are

also disabled when an adjustment is active (not shown).
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has IsE@T¥SridSbe@Biack to il lustrate the si y- si de placenent of arr7e/ss

bl adders 30, 32 in rectangul ar chanber 28. . - 10- The
air control system 40, in accordance with the present i nvention, functions

to provide air under Rfiesaet?mifing fhabltAgdRitfont0are3RonBablRACANStEP| 4288t is

determined how many buttons are depressed 432. If one button is depressed at step

432, it is determined if the button has been depressed for two seconds 434. If not, the

program continues with step 400. If yes, the digital display 104 is incremented or

5 decremented appropriately depending on which button 106, 108 is depressed 436.

Initially, an increment or decrement is processed every 0.5 secs. that the button is

held, but after four consecutive actions the rate 1s accelerated to an increment or
decrement every 0.1 secs. Also, the hand control processor 118 sends a message 438

that is transmitted 439 to base unit 44 to begin an adjustment of the pressure. To

10 indicate that an adjustment is in progress, the digital display 104 is made to blink

440. Then, the hand control processor 118 resets the timer counting the length of

time that the button has been depressed 442, and the program returns to step 400.

If step 432 determines that two buttons 106, 108 are depressed 444, the

hand unit processor proceeds as is depicted in Fig. 19¢. First, the status is checked

15 446, and the hand unit introduction procedure is initiated if it is not already in

progress. This procedure is purposely cumbersome in order to prevent accidental

modification of the lis't of fecoghized hand control units 40. Upon preséing both

buttons, the display starts to count down at step 448 from 10 to 1. Then the display

shows two hyphens (--) 450, and the hand control unit 40 sends a message 452 which

20 is transmitted 453 to the base unit 44. When the base unit 44 receives the message, it

rewrites the ID list to contain only the ID of the sender hand control unit 42. Then

the base unit 44 sends an acknowledgement to the hand control unit 42, When the
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pr e[snssﬁ?(‘a’glﬁﬁ—zsﬂ%s%?ﬁ ulrg?%d;‘%é?elﬁgg .30, 32'.,mml'h7el fatplmrméoo?latsf or”s]yst em 40 incl udes7&8s
hand control wunit 42 and a base unit 44. Hand
Control Unit Enbodi nents Hand control unit 42 shown in Fig. 2A

i's preferabhynd bRl Anitii red2fel t@x@'é&nﬁﬂﬁ&ﬁ‘%&%zﬁ%tts@eﬁ kss,emmipdes "ol bhe
air control system40. Fig. 2B shows an alternate enbodi nent hand control

unit 742, wWatehg 585RInattuctPd b9 9he BhESSA §4.020€ | ndicator 804, and air
control buttons 806, 808. Han%gco troP unit 742 is preferably used with

the alternate punp CopkboPhitR ImERaEE iPRRevBAH Bl l%%ettﬂﬁﬂtﬂ-the user has one

minute {0 complete the hand unit introduction procedure. If the user wants the list

5 to contain only one ID, there are two options. First, the user can press both buttons

again, see step 444. This situation is depicted in the second branch in Fig. 19¢ for the

case where the introduction procedure is already in progress. The hand control

process 118 sends a message 460 that is then transmitted 461 to the base unit 44 that

there is only one hand control unit 42. After the message is sent, hyphens are again

10 shown on the display 462. The base unit 44 ;sends an acknowledgement that causes

the display of the hand control unit 42 to display (1C) 466. A short time later, the

base unit 44 sends an instruction for the hand control unit 42 to resume normal
operation 468. Then, the hand control process 118 continues with step 400.

Alternatively, the user can do nothing for about one minute after “C1”

186 is displayed at step 458. If the base unit 44 has not received a second message by the

end of the minute, the base unit 44 sends a message that causes the hand control

unit 42 to stop display%ng "C1" and to return to normal operating mode. (This

option is not depicted in the Fig. 19¢ since the hand control unit does not make the

determination.)
20 - If the user wants the list to contain two ID's, the user can go to the
second hand control unit 42 and press both buttons step 444 within one minute

while the first hand control unit 42 displays "C1". At step 446, the processing would
30
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The hand control unit 42 allows a user to control the air pressure wthin
the air bladders 30, 32 while Iying on the mattress unit 14 or in any other

posi tion i ”g} Eeedd Ca'l&‘l% Yenef hh{% v@hé CoRE rﬂénéy&&&%mmma ¢Rt fridtiatsd tthé2
y

is prefera used with pu escribed later below, although it is
useful withy {h PrORJGQE 'ﬁw 8P of d hand Rt it 4Ro8rtd G4
of hand con%r ﬁa‘ﬁlﬁlt %2 cont ai ns aa%# 8 tﬂ?ssg P a04, two buttons

o, 00 i Mo 9151 A, o, Sy 2 B st g,
104 i's shows two hyphens (--) 450, and the hand control unit 42 sends a message 452 to the
5 base unit 44. When the base unit 44 receives this second message in the procedure,
it adds the second ID to the list. Then; the base unit 44 sends an acknowledgement
to the second hand control ﬁnit 42. When the second hand control unit 42 receives
the acknowledgement 456, the _display of the second hand control unit 42 shows
’ "C2" 458. After a couple of seconds, the base unit 44 sends mes'sages to both hand
10 control units 42, causing them to stop displaying “C1" or "C2" and to return to
n(;rmal operating mode. The hand unit introduction message is the only operation
that elicits two responses from a base unit 44, the acknowiedgemen’c message and
the done message.

With respect to the updating of the display buffers, the hand control
15  unit software maintains two display buffers of three bytes each in its RAM memory.
The secondary buffer contains information with each byte corresponding to a-display
dlgit 112 or half digit. Informanon in the przmary buffer is organized according to

the segments 113, 115 of the display 104.
When a base unit 44 is initialized to accept commands from two
20 control units 42, conflicts can occur in two cases. The first conflict occurs if a hand
control unit 42 tries to monitor an air bladder’s pressure when the base unit 44 is

already adj{;sting the pressure in the same air bladder 30, 32. The second
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made up reystal display ? e LCD is made up of two dPgi¥8s

112 rangi ng fromO 9 and a half di glt t hat can only be a 1 or
unillum nated. In this preferred enbodi nent, each digit 112 is nade up of .

7 segments oQrignit OPUP dohffitaccurs if a hand control unit 42 tries to adjust an air
11 - 3, an he half digit 114 1s nmade up o? two segnents 115, t'he top
and bot t om Qfy, 4H6r's! firmness when the base unit 44 is already adjusting the pressure in either
air bladder 30, 32 in response to 4 request by another hand control unit 42. In either
of these cases of conflict, the base unit 44 will notify the requesting hand control unit
5 42 that it is busy and cannot currently satisfy the request. This causes the second
hand control unit to display blinking hyphens (-).

When the second hand control unit 42, displays blinking hyphens, it
ignores depression of the incremeﬁt/ décrement buttons 106, 108, i.e., the buttons are
effectively disabléd as long as a pressure adjustment is occurring under the

10 instruction of the first hand control unit 42.” The hand unit does check for changes
in the two positiorﬁ switch 110. When the position of the two position switch 110 is
changed, the hand control unit 42 notifies the base unit 44, and the base unit 44
transmaits the pressure of the newly selected air bladder 30, 32 to the hand control
unit 42 while not terminating the active adjustment of the other air bladder 30, 32 as

15 instructed by the other hand control unit 42.

The dig1tal display 104 will display various error codes in response to
various communication dlfﬁculhes with base unit 44 and if the motor 152 is too hot:
to make an adjustment.

Fig. 20 displays the process of receiving and decoding a message from

20 the base unit. A counter is set to one 480, and a message is transmitted 482 to base
unit 44. After waiting 0.2 to 0.3 seconds 484, hand control processor 118 checks 486 if

a valid response was received from the base unit 44. If a valid response was

32
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emtting diodes. Digital display 104 displays for the user a nunber
related to the pressure within the air bladders 30, 32. Preferably, the
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If 7 attempts have been made, an error message is sent to the digital display 104 and

5 the program returns to step 400. If 7 attempts had not been made at step 488, the
counter is incremented by one 496, and the hand control process 114 returns to step
482 to continue with the transmission loop.

The software for the base processor 162 has a main loop in which the
processor spends most of its time. Referring to Fig. 21, the base processor 162
10 updates various timers if a second has elapsed since the last update 602, checks if a
message has been received but not yet processed 604 and checks if a time dependent
action needs to be formed 606. The base unit 44 responds only when instructed by a
hand control unit 42 except for monitoring the pressure which occurs every 30
seconds if no other activity is taking place. The base unit 44 sends a response for

15 every message received from a recognized hand control unit 42.
In order to reduce the chance of a base unit 44 taking an undesirable
action because of an erroneously received message, the base unit 44 only éccepts a
message from a hand control unit 42 within 256 secs. of power up of the base unit 44
or within 256 secs. of the receipt of a previous acceptable message from the hand
20 control unit 42, unless the message received is just requesting the current status.
Similarly, base unit 44 only accepts messages from a service unit within five

minutes of power up or within five minutes of receipt of a previous acceptable
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of a command fromthe user to the air control system40. The two buttons
106, 108 are adapted to be used by the user to initiate an inflation or

deflation cycle, re st _the displ of, {he current .pressure or, t .
st ruct « HBSER HRTta Soryce FBR0GAT sech RUthitcEiyney HIe Tifrage js stored in 2
The position Of,tV\ﬁ &osition switch 110 selects the air bladder 30, 32 on
whi ch the JBETRHIBRYIBE: the hand control unit 42 will function. The top

surface 102, of Lhe hgng SO0l L 4% Can e TR S AL
_ conventi on Jnocf isdfvtaﬁ{nng PJ:”SroEQs%ing, see Fig, 22. If there is a message to be processed, the
5 message is decoded 610. If the current pressure was requested 612, the pressure last
measured is transmitted 614 to the hand control unit 42. If the message initiated a
inflation/deflation request or the hand unit introduction procedure, the processor is
noti'fied 616 that an activity is requested, and the program returns to the main loop
' 604. '

10 Fig. 23 depicts the various péths the base processor 162 can follow when
a process action is required at step 606. If at step 606, the base processor 162
determines that an actibn is required 618, the processor proceeds to determine which
action is required (see Fig. 19a): hand unit introduction in progress 620, pressure
needs to be read 622, adjustment in progress 624, adjustment request is pending 626.

15 A hand unit introduction procedure can be initlated by a recognized hand control
unit 42 whenever the base unit 44 is not busy with an adjustment. The procedure
can be initiated by any hand control unit 42 during the first 256 secs. after. the base
unit 44 is powered on.

Referring to Fig. 23b, when the base unit 44 receives the first hand unit

20 introduction messagé, the base processor 162 rewrites the ID list 628 fo contain only
the ID of the sender hand control unit 42. Then, the base unit 44 sends an

acknowledgement 630 that is transmitted 631 to the hand unit 42. The base
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| aying on their back with their head in the proxinmity to the front edge 22
(hose side) of the mattress wunit 14, although other conventions can be

used. For
switch 110
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minute to determine 634 if a second hand unit introduction message is received. If
no other messages are received within this minute, the base processor 162 concludes
that there is only one hand control unit 42, sends a message 636 to return to normal
operation that is transmitted 637 to the hand control unit 42, and the base processor
162 ends the hand unit introduction procedure and returns to the main loop 606.
When the base unit 44 receives a second hand unit introduction
message within one minute of the first, the base processor 162 determines 638 if the
ID is the same as the first ID received. If the second ID is different, the base
processor 162 adds the second ID to the list of IDs 640. Then, the base unit 44 sends a
message 642 that is transmitted 643 to the second hand control unit 42. If the second
message originated from the same hand control unit 42 as the first message, the base

unit sends a message 644 that is transmitted 645 to the hand control unit 42

acknowledging that there is only one hand control unit 42. In either case, after a

couple of seconds, the base unit sends a message 646 that is transmitted 647 to the
one or to both units to return to normal operation.

The pressu.re is read every 30 seconds if no adjustment is takihg place.
As described below, the pressure is also read every 3 seconds during an active
adjustment. Note that during an active adjustment, the hand control unit 42 sends
a request for the pressure every 10 secs. while continuing to display the flashing

target pressure. At each request, the base unit 44 transmits to the hand control unit

42 the last pressure read as in step 612. Referring to Fig. 23¢, to read the pressure, the

35

\\\ i,



t he ‘afFE ' BERtRdEn L5%0F 4054 V2B Ye i s usHEE 1T FRIMENYTBRhe"ade unit 42 to thevoes
mattress unit 14, as described bel ow. Referring to Fig. 4,
the interior of the hand control unit 42 contains a portable power supply

116, a hand sm%face&wqaimft aa%g%ag tRe DERAs 88 §O§1tsf4% it nb &S yeh‘ﬁrre@@ééaﬂdseerre

120. The portable power supp I'S made up | sposable battery or a

rechar geabl e,ghbaty- aI?GSd"ﬂﬂQt %%f‘;%{??éurgﬁﬂ‘iﬁé ﬁ%l&&&er&%@ew ?c?sthﬁm& A Base

buttons 106, 108 and base uni t rough control receiver/

transm tter LoG ng@fo@gﬂg‘grﬁ 1484 e Qurl - bpbgitoR A7) LOAVEREDEE o e ofitput
of the pressure sensors 156, 158. Then, the base processor 162 waits 0.1-0.2 second 654
5 before calculating the pressure 656 from the digitized reading. The pressure is
obtained from the following formula:
Pressure = Gain * (Reading - Offset)
where the Gain and the Offset are determined when the unit is calibrated during
_manufacture or service. The values for Gain and Offset are stored in the base
10 processor’s memory. The calculated pressure is stored as a 24 bit number with a
maximum resolution of 0.005 psi.
The actual number.displayed by the hand control unit 42 can have
various relationships to the pressure. It can be an actual expression of the pressure
in appropriate units, or it can be a value scaled to some arbitrary and convenient

15 units. This scaling can be linear or non linear. A preferred relationship between the

displayed value and the pressure is

Hand Controller Value Pressure Value (psig)

00 <0.16
05 . 0.16
20 10 0.18
C 15 0.20
20 0.22

25 024
30 . 026
25 . - 35 - 0.28
40 0.30
45 0.32
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with a little nore than 4 Kbytes of ROM (program menory, 176 bytes of RAM
menory, 20 |1/O port pins, 1 input-only port pin, 1 timer output pin, and a
16-bit capture/conpare ti mer. gge software for thgghand control processor
118 is stored in the ROM nenoryg during fabricatiogggThe hand control
processor 118 is permanently eggoded at nmanufactupggw th an eight bit unit
| D code and a four bit revisiogs code for the softyape version by the

sel ectiog of appropriate resist within the hangggontrol unit 42. Hand
control receiver/ transmtter 1 i s adjusted to roper el ectromagnetic
frequency to receive fromand té@nsm't to base unlgg
85 0.50
%0 0.55
10 95 0.60

100 0.65
Alternatively, a linear relationship can be used Between the displéyed value and the
pressure with zero pressure corresponding to a zero display and a maximum

’ pressure of 0.65 psig corresponding to a displayed value of 100.

15 Referring to Fig. 23d, if an adjustment is in progress, the base processor
162 examines whether the estimated inflation/deflation period has ended 658. If it
has not, the program checks to see If 3 secs. have passed since the pressure has been
measured. If 3 secs. have passed, the processor measures the pressure 660, as
described above. The current pressure is compared with the requested pressure 662.

20 If the calculated pressure is within 0.01 psi of the requested (target) pressure, the base
processor 162 returns to the main loop 606 since no more adjustment will be
undertaken. If the preséure is not within 0.01 psi of the requested pressure,.the base

~ processor 162 resets a timer to count 3 secs. and returns to the main loop at step 606.
As an alternative to checking the pressure every 3 secs. during an active adjustment,

25 the back pressure can be monitored with the valve 338, 340 open. This back pressure

can be correlated by the manufacturer to correspond to a particular bladder 30, 32

pressure w'it_h the valve 338, 340 closed. Then, the pressure could be checked with
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transmt radio signals, but it cannot transmt and receive at the sane
time. _ Base Unit Enbodi nents The
base unit 44hefvaliie 338e3¢t cldsed afiter dhe itermiimationeef the Fjystrent precessste chack:
44 contains a notorized punp 152, pressure sensors 156, 158 (Fig. 10), and
a base the final value of the adjustment.

If the estimated inflation/deflation period has ended at step 658, the
current pressure is calculated at step 662 by the procedure described above. Next, it is

5 determined if further adjustment is necessary 663. If no further adjustment is
necessary, the base processor 162 returns to the ﬁtain loop 606. If it is determined
that further adjustment is necessary at step 663, the base processor 162 sets a new
adjustment request pending 664, and notes that the previous adjustment overshot

: 665 before proceeding with the main loop 606.

16 If the adjustment inflates too much and then deflates too much (or
vice versa) three times in a row, the base unit terminates the adjustment, even if
the current pressure is not within 0.01 psi of the requested pressure. Also, if the base
reads an identical pressure of at least 0.35 psi while inflating a chamber, the base
processor 162 determines that a “stall” condition exists and terminates the

15 adjustment.

To reduce the chance that the motor 152 will overheat, the program for
the base processor 162 .implements a thermal model of the mofor 152. The moc.lel
assumes the following relationship of the temperatﬁre above ambient temperature
with time:

20 T = Tasympt + C .e(-kt).

Tasympt is dependent on the motor speed. k has a value of 0.002 when the motor is

off and a value of 0.006 when the motor is on. For small steps in Hme, this equation
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processi ng board 160 contains the base processor 162 and the base
receiver/transmtter 164. The base unit 44 is connected to air bl adders

30, 32 by \/vqya&gtd‘{ﬁxfo@loe\nhgwff@{enkég atfdn;t Ubes 166, 168 through inlet
receptacles. 170, 172. Tubes 166 168 allow the air control system40 to

place additional air or toTy )i & 5 et air_-phsdders 30, 32 to
achieve a desired air pressure Wlﬁhl n the a(l FSY‘BFad‘ge?’g 30, 32. For a

single air gﬂ?{g R4 Omy“bétwe]eﬂh tﬂé‘?ﬁ%énﬂe@@turé@t GfRe OF THY), 3658 the

wi th a Y-shape not S ert
temperature at time n+l, T(n+1). When the motor 152 is off, the program uses a

5 wvalue of At=15 sec. When the motor 152 is on, At=21 sec.

If the program’s thermal model estimates that the temperature exceeds
170 degrees above ambient temperature, the base processor 162 sets a flag in RAM,
turns the motor on at low speed_' to facllitate cooling and refuses to begin another
. adjustment until the estimated (model) temnperature drops below 120 degrees above
10 ambient temperature. The valve 338, 340 will be closed during the cooling process
unless the base processor 162 determines that a useful adjustment can be made with
the .valve 338, 340 open at the motor speed during cooling. When the temperature
drops below 120 degrees , the program clears the flag and again accepts adjustment
requests. If the flag is set when the base unit 44 is powered on, the base unit software
15  initializes the temperature to 170 degrees above ambient, turns the motor on low
speed to facilitate cooling and refuses to begin an adjustment until the estimated

temperature drops belov.v 120 degrees. -
Referring to Fig. 23e, when the b.ase processor 162 determines that an
adjustment request is pending, first the current pressure is calculated at step 666, as
20 described above. The current preSSuz;e is compared with the requested pressure 668.
If the current pressure is within 0.01 psi of the requested pressure, no adjustment.is

necessary 670, and the program continues in the main loop 606. If the difference is
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alternatively, the wunused inlet receptacle 170, 172 can be pl ugged. An
electrical plug 174 is designed to be connected to a conventional ac power

' eceptact e. grbmnefl B d ORpH R 468 HlirkBOwheARRGRHSHOh & deffhtibf i93Reesdtiy at

44. fecei verftransm tter 164 1s tuned to an
el ect r omagngt g72frequency that is preferably selected to be in the radio
frequency ra The electromagnetic frequency is preferably within the

range from 315 VHz (]IPQ W betmine tminﬂ Morsf figde ?aﬂ'%ro d EETJ gg&%ssor 162

frequency part of the e ectronmag ne(? I'cC sp EG T im® enab

transm ssi ofe,Qlmifie tRe %’}J%rowxggoﬂtot&h%e@ae&rﬂ HelGnH3Rhg #ork PrBlsures below

5 040 psig, the motor is run at medium speed. When inflating from greater
pressures, the motor is run at high speed. The base processor 162 next calculates an
estimate of tfie required time at step 676 up to a maximum of 256 secs. Also at this
step, the numl;er is stored in an 8-bit counter,

Then, the motorized pump 152 is started at step 678. Whenever the
10 program turns 611 the motor for an adjustment, the motor is started at low speed
with stepwise increases in the speed every two seconds until the required speed is
reached. The motor is run at a total of five speeds. Low, medium and high are
primary speeds, i.e. they are used as final target speeds. Low-medium and medium-
high are used only to make the transitions between primary speeds more gradual
15 and therefore, less audibly annoying.. When the motor reaches the appropriate
speed, the appropriate solenoid valve 338, 340 corresponding to the correct chamber
is opened 680. With thé adjustment in progress, the program returns to 1.:he main

loop 606.
If it is determined that deflation is necessary, the motor speed is
20 determined at step 682, When deflating from pressures below 0.40 psig, the motor is
off. When deflating from greater pressures, the motor is run at low speed. Then,

the base processor 162 calculates an estimate of the amount of time 684 required for
40
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t he hand sEpR2a-o¥9eU rmet 3 at the base receai VerT= "8hsti'tter 164. The Si gnak/es

Is transmtted in digital form at the rate of 833 bits per second. The
base receiver/transmtter 164 can receive radio signals or transmt radio

signal s, butthé adjament ulpr s Thixifiidn lcfCES6veecal ThHeenaomeist started if necessary at
The pressure sensors 156, 158 are standard piezoel ectric pressure sensors

such as thoggerggd.! ¥Whén tROMItor BRIRES Shé APprdpreate Apedd, tHecapprepaidtesolenoid
e valve 338, 340 corresponding to the correct chamber is opened at step 688. With the
adjustment in progress, the program returns to the rﬂain loop 606.
5 When the base unit 44 is inflating an air chamber 30, 32, it reads the
pressure about half a second after the valve is opened to measure the back pressure.
Waiting 2 half second is necessary to obtain a stable back pressure reading. If the:
base processor 162 calculates a préssure of less than 0.15 psi, it determines that the

' base unit 44 is not connected to an air bladder 30, 32 and terminates the adjustment.

10
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- LR s&r—g%a 45 ames i oS smal | hole allow air under anbi ent presBuness
to enter. This allows the neasurenent of t.he variation from anbi ent

pressure by the pressure sensors 156, 158. The circuitry to anplify the
signal fromthe piezoelectric sensor and to performthe analog to digital
conversion is also standard in the art. The processo}iéxb(g s a
digital processor,, for exanple Mdtorola MIBS8HCOS5P6 m PATENT APRIIC ATIONA
little nore than Kbytes of ROM (program) nenory, 176 bytes/e‘r RAM

menory, 20 1/ 0 pofN THEUNITEDBYATES FPAPENT BND HRADEMARK OFFICE
P

,I

In re the applicﬁtion of: ' 4
\ David C. Shafer et al Attorney/Docket No.: 1304.47-US-01
Application No.: \"68/536330 =
Filed: September 29,1995 o Group Art Unit: 3508
For: . AR COI:TTROL SYS‘I‘BM FOR AN AIR BED
/ m

PRE‘L}.MINARY AMENDMENT

Assistant Commxssmqer for Patents \"-«.\
Washington, D.C. 20231 .

Sir: - //
e

/ Prior to examination, please amen¥ the above-identified application as

follows:
-incthe Claims
—Cancel-dlaims-i-4—
~Add-new-elaims-as-follows™
5. An improved control system for controlling the firmness of a fluid

supported mattress adapted for use with a bed assembly, the mattress having a
'plurality of separate fluid chambers, the control system having a fluid pump

operably coupled to said air supported mattress and being in fluid communication

| U
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anaﬁ og thH%Iéylé&?lgsagrstgéurs?q and a 15°bi'% “3"5‘8 ?JI?%BFC(})%%\I’E timer. The p,12/85
software for the 162 is stored in the ROM nenory during fabrication.
Referring to Figs. 7, 8 and 9, tube 166 is shown in conjunction with a

tube fitti naemthmeh&hhgiaﬁgex%%aiz ﬁogfahg%hbyﬁhuanﬁ%ero@ﬁg]x faﬁqﬂie:@favin%S

within an inlet receptaclée 170, 172, el ng under st ood at the tube 1

i's identi calortRolCRRhE Lué;érglg}xt 'eJ[}Jiie& 4Bsat8 Hluid Ehh{}g ah@0sdi8 AL SoRBt fo

conprised of a one pi ece, c resin, general’ly tubular body 182. The

fitting body AAakhaChiIEReBHUREr LAAChNAE &1 hePrrRAdys BrUa0A thar 0
having a hand held, remotely operated actuation means for actuating said control
means; and having transceiver means for communicating information signals
between said actuation means and said control means, whereby said firmness of said
mattress can be remotely adjusted through the use of said hand held actuation
means, the improvement compriéing: :

the fluid pump having a plurality of selectable fluid outlets, each
one of said plurality of fluid outlets being in fluid communication with

a selected one of the plurality of separate fluid chambers of the

mattress.

é. A control system as claimed in claim 5, wherein the fan unit is
mounted in the housing by means of vibration dampening mounts, the faﬁ unit
vibration dampening mounts including a plurality of mounting grommets, the
mounting grommets being held in compressive engagement between the fan unit

and a portion of the pump housing.

7. A control system as claimed in claim 6, wherein the mounting

grommets are formed of a rubbér material.

T
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Thie REFEIVEL AHBHAEL bASBI FIBE! i ncl udBEEah® ST EFEN séd) i'ng portion 190. P.1Bmes
sealing portion 190 carries a sealing o-ring 192. Connector head 188 al so

i ncl udes connecting tip 194. Connecting tip 194 includes a pair of
generally sem - circular in cross section prongs 195, 196. The prongs 195,
196 are arranged on the tip 194 in mrror image fashion. Each of the

prongs 195 196 incl NdRwifbla gg@h POEfatABA irk HMaifX b WHERGN QHe Wi dhit Kasomfahe
enl arged portion 190 of the Connector head 188, ‘and a hal f-circunferenti al

portion 198 A" hSRMRY {dbsalENR bXclbsinBaRetn, AR EAD uthit Rousing defining a first

impeller chamber and a second impeller chamber, the first impeller chamber and

the second impeller chamber being fluidly coupled by a fluid passageway.

9. A control system as ¢laimed in claim 5, wherein the fan unit has a fan,
" the fan being two stage and adapted for compressing a fluid, the fan having a first
' impeller and a second impeller, the second impeller being disposed such that the

exhaust fluid from the first impeller is an intake fluid to the second impeller.

10. A control system as claimed in claim 8, wherein the fan has a first
impeller being rotatably disposed within the first impeller chamber and a second

impeﬁer being rotatably disposed within the second impeller chamber.

11. A control system as claimed in claim 10, wherein the fan Is mounted

spaced apart from fan unit housing by means of vibration dampening mounts.

12. A control system as claimed in claim 11, wherein the vibration
dampening mounts are a plurality of O-rings held in compressive engagement

between the fan and the fan unit housing.

/f

A

This Sheet Has Been Repl

[T




[ RECEIVED ©9/26 13:11 1996 AT 5330 . :
- 15- théﬂaﬁﬁaﬂs‘aﬁénﬁz@lﬁn 13'75.9“,0 rcunf‘gferll i'a I"Tp’;'%rp Fon*1d8 i ncl udes bevebegh as
perineter 199, and a projecting boss portion 200. Referring

to Figure 9, each of the inlet receptacles 170, 172 include a generally
tubul ar inner wall 201, and a boss receiving aperture 203. A connect or
head 188 of a respective hose fitting 180 is detachably received wthin a
respective 13t ecept acl& cotfirollsidtem dshclaibedeinl thadmCBr whgrdid2tteafan dds bay fame
enl arged portion 190 of
motor and a fan body, the fan body having a motor enclosure defined therein, the
‘motor enclosure substantially enclosing the fan motor and having at least one
cooling air inlet and at least one exhaust port define<_i therein, the at least one
exhaust port being fluidly coupled to a selected impeller chamber, the fan motoz
having an axial rotatable drive shaft and a cooling impeller fixedly coupled to the
drive shaft, whereby rotation of the cooling impeller draws air in through the at
least one cooling air inlet, forcing said air through the motor enclosure around the

fanu motor and exhausting said air through the at least one exhaust port into the

selected one of the impeller chambers.

14. A control system as claimed in claim 5, wherein the external housing
of the fluid pump is comprised of a first portion operably coupled to a second
portion and having a flexible mount disposed therebetween, the second portion

being spaced apart from the fan unit.

15. A control system as claimed in claim 14, wherein the first portion of
the external housing of the fluid pump has a first portion of a helical fluid intake

passageway defined therein.
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[ RECEIVED B9/26 13:12 1996 AT 5338694 ] PAGE 15 (PRINTED PAGE 15) F]
t he conn&et-8k-1Remdedi:88 recel ved in sealing contact wth .the receptacl eP-15/85

internal side wall 201. A boss 200 of one of the two connecting head
prongs 196, 197 is detachably received within the aperture 203.

Punp 152 hds.t hree e consrd)sysponest slaigedpirodlatm hBUsihegeiA02, portian ofiithe
204, and air distribution unit 206. Punp outer housing 202 has

three subcdlaxisiennsunt dwloe@amyrcodzﬂw 19 thROfifgt OForEidd, ol Hie helicdlefluidoirstake
portion 210, and flexible nmount 212. Generally, the | ower outer housing

portion 20&aRs bevrtsStd deHiney! Qédoaaaietfca%nf&rth& PRlicdlauidNhiaké Yhs@pdwiae upper

out er housi'ng portifon 210. The up out er housi ng

17. A control system as claimed in claim 14, wherein the flexible mount
has a cushion operably coupled thereto, said cushion being in compressive

engagement with the fan unit disposed within the external housing of the fluid

pump.

18. A control system as claimed in claim 5, wherein the control means
includes a display for selectively displaying information regarding the firmness of
the mattreés, further including said information presenting a numeric scale, the
numeric scale being selectable between a display related to the fluid pressuré in the
fluid supported mattress and a display related to the desired fluid pressure in the

fluid supported mattress.

19. A control system as claimed in claim 18, wherein the numeric scale
displayed on the display has a non-linear relationship to the fluid pressure in the

fluid supported mattress.

-
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porfi“g‘?\mﬂéféggﬁ%ﬁ'tzﬁ?&sgrf &% ower  of®Y ﬁoﬁgﬁ"ﬁ%’ Pp?'c;)?tllﬁc))n]_ZOB, encl osi ng A perses
fan unit °~ 204 w t hout physical contact therewith. Since the upper outer
housi ng portion 210 of punp outer housing 202 is not in contact with the

notor unit 304, nmechali &atrol G3RREN I a30ciRiméd anf @8Iy %, wiikdelrs the auintertt scdly
between the fan unit 204 and the |ower outer housing portion 208 to which -

the fan unidepefibnks afGHEdeR britd] DEidOHrekSure TaRigl FESMV2db ab l:0prediRteridhéd upper
transm ssion. _ Referring to Figs.” 5, 10 and 11, the | ower outer
housi ng porien 8 Ei’ligﬁer increments of the numeric scale relating to greater increments of

fluid pressure change than the lower increments of the numeric scale.

21. A control system as claimed in claim 18, wherein the numeric scale
displayed on the display has a linear relationship to the fluid pressure in the fluid

supported mattress.

22, A control system as claimed In claim 21, wherein the numeric scale
represents a fluid pressure range from zero to sixty five one hundredths of a pound

per square inch gage.

23, . A control system as claimed in claim 5, wherein the control means
includes overheat protective means for protecting the fluid pump from

overheating,

24. A control system as claimed in claim 23, wherein the overheat
protective means includes means for predicting future fluid pump temperature

based on present fluid pump parameters.
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- 16[ BECBWBD SHpriteet optesy base 213 anéi’m;p%erll7 6?1“&?751) PP%Ep '214. Lower outer P.1wes

housi ng portlon 208 is preferably made of a thernoplastic nmaterial. The
base 213 is designed to be generally flat in order to facilitate being

pl aced upongg.he fl OorApEQMrB?tsgstte%te&e HifndFdn Hgm 28! 'vpﬁé’xre?zll ﬂh'epoaéﬁtélﬁs
an upper margin into which intérlocking margi nal grooves are fornmed
protective means is proactive, taking steps to cool the flu:d pump based on a

predicted future overheat condition.

26. A control system as claimed in claim 25, wherein the overheat
protective means acts to disable adjustment of the firmness of the fluid supported

mattress and to operate the fluid at a reduced speed for effecting cooling thereof.

27. A method of controlling the firmness of a fluid supported mattress
adapted for use with a bed assembly by means of a control system, the control system
having:

a fluid pump operably coupled to said air supported mattress and
being in fluid communication therewith and having a motor for
selectively inflating and deflating the mattress and a value for
selectively sealing the mattress;

control means operably coupled to said fluid pump and said
fluid conduit for controlli.n.g the operation of said pump to adjust the
firmness of said mattress;

a hand held, remotely operated actuation means for actuating

said control means; and

e _ 7
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Foufr RRERWER B/26 U1/ D438 T SHPAS8Y t  post 8518 BINVEURRPENI'Y 204 are formed p.1gss
I ntegral "with base 213. The support posts 216 project above the upper
margin of the peripheral |ip 214. The support posts 216 have a central

bore 218 defined thergindcéiverfm@ahb!t fire cohtmbas@aiy dhfermaniorcsigaglscrew
t heret hrough. Smal |l er connecting posts 219 are also forned integral to

base 213. ConnegkiweerssikiSaddic thed@siadeshidl ContR ithbdrdf eolnpeisagnaiact i on
of the upper outer housing portion 210 to | ower outer housing portion 208.

A central bore g?egsio?: definped in connecting posts 219 in order to
facilitate passage of a connecting screw therethrough.

(a) selecting a numeric valve representative of a
selected target fluid pressure in the flujd supported
mattress;

(b) transmitting the selected numeric value to the
control means;

(c) measuring the current fluid pressure in the fluid
supported mattress;

(d) determining the need for adjustment of the
fluid pressure in the fluid supported mattress by
comparing the selected target fluid pressure to the current
fluid pressure in the fluid supported mattress;

(e) activating the fluid pump as necessary to adjust
the fluid pressure in the fluid supported mattress; |

(f) opening the valve; and

(g) providing feedback to the actuation means
representative of the status of the adjustment of the fluid

pressure in the fluid supported mattress.
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A hEIFFELELIR4EE, 88T BB O RET i nt egr AF5ni'PHBASR T3P dlical wall 221 p.1oes
defines a portion of helical air intake passageway 222. Helical air intake
passageway 222 extends from central chanber 223 outward to intake nouth

224. Helicdlg.air i ntiieempaarhobeiain 22, h&tmfmaﬁmxhgthaa@palo?, helical wall
221, and flexible nmount 212. The i ntake nouth 224 has two :

ad acent intake openi ngs ziﬁ&e&i‘ﬂuﬂﬁ@the $RBAT RJresh éast@ﬁg\tdfaihesupport
226. Support tabs 228 overlie supporting structure 22 formed in base 213.

Screws 230 are threaqRidigresab iRINE TP SUBHoBASHRRASS BiPlRlatida8 and then
threaded into the supporté}ﬁg structure o?ﬁgo JE)lase leig'atoaafflx I nt ake

nmout h 224 to | ower o%glreolgpum ng portion 208.

* (b) calculating the necessary motor speed;
(¢) calculating the time necessary to effect the
selected inflation of the fluid supported mattress; and

(d) activating the fluid pump.

29. The method of claim 27, further including the steps of:
(a) determining the need for an adjustment of the
fluid pressure in the fluid supported mattress by deflation
thereof;

(b) calculating the necessary motor speed;

(¢) calculating the time necessary to effect the
selected deflation of the fluid supported mattress; and
(d) activating the fluid pump if the calculated

necessary motor speed was greater than zero.

30. The method of claim 27, further including the steps of:

-
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[ RECEIVED @9/26 13:13 1996 AT 53306 PAGE 28 (PRINTED PAGE 20)
-17- SEP-26-19% @@ @aoSe p?ate 232 projects from and overl Il es i ntake P.20/85

openi ngs 225a and 225b. The nose plate 232 is strengthened by gussets 234.
A cooling air nmouth 238, depicted in Fig. 12, is also affixed to | ower
outer housing portion 208 (af compariagt e ﬁﬁf&i‘ém@a BeRvecihehe gelectegl ai r nout h

238 is
target fluid pressure and the current fluid pressure to a
known pressure differential; and
(b} making no adjustment in the fluid pressure of

the fluid when the pressure differential is less than the

known pressure differential.

31. A fan unit for contfolling the firmness of a fluid supported mattress
adapted for use with a bed assembly, the fan unit comprising:
a fan; and
a fan unit housing substantially enclosing the fan, the fan unit
housing defining a first impeller chamber and a second impeller
chamber, the first impeller chamber and the second impeller chambe;:

being fluidly coupled by an enclosed fluid passageway.

32. A fan unit for controlling the firmness of a fluid supported mattress as
claimed in claim 31 wherein the first impeller chamber and the second impeller

chamber are formed integral with the enclosed fluid passageway.

33. A fan unit for controlling the firmness of a fluid supported mattress as

claimed in claim 32 wherein the first impeller chamber and the second impeller

m- 10
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geESHI PR A%RE A JRPRAR TRl |y oppd8edt BRIHR T4t aké hout h 224. P.21/85
Cooling air nmouth 238 has a cooling air intake 240 defined therein. The
cooling air nouth 238 is affixed to base 213 as previously descri bed by

nmeans of ?ﬁH?ﬁ?\?EI’ atr%%%cﬁdfgfrﬁgg 8 glgﬁ?éﬁ, gﬁ%ﬁgﬂsi‘xgge e 8e %ﬁﬁglrgﬁ g)?(xfdz pre

from and ove €s cooling air
nmount 212 | l;aced, at. base .2 | ower, outer housing portion 208. The
central unéé?%ﬁo@%&g‘{lﬁf%a%? dﬁ%%g?%rﬂber HEB12 i s supported upon the top
portion of helical wall 221.
34. A fan unit for controlling the firmness of a fluid supported mattress as
claimed in claim 33 wherein the fan has a central rotatable shaft, the origins of the

.generally circular shape of the first impeller chamber and the second impeller

chamber being located on an axial extension of the fan rotatable shaft.

35. A fan unit for controllihg the firmness of a fluid supported mattress as
claimed in claim 31 wherein the fa;n has two stages and is adapted for compressing a
fluid, the fan having a first impeller comprising a first stagé and a second impeller
comprising a second stage, the second impeller being disposed-such the fluid

exhaust from the first impeller is an intake fluid to the second impeller.

36. A fan unit for controlling the firmness of a fluid supported mattress as
claimed in claim 35, wherein the fan has a first impeller being rotatably disposed -
within the first impeller chamber and a second impeller being rotatably disposed

within the second impeller chamber.

11
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FI exPEF e aER, Lo D aALT 3T ral  ap®PE uf%e "EEYFhESEt A2rtin. The centralp.zzes

aperture 244 is in registry with central chanmber 223 of helical air intake
passageway 222. Cutouts 246 are provided in flexible nmount 212 to

accommmodat e3A he pass%?aﬁfumtsfd? RBAtro ﬂ’i‘ﬁ%tt'ﬁe %ﬁﬁ\rf]eﬁgro e ]9%];‘5?06 ed m tress as

Fl exi bl e nount 212 is forned a re ively t omer e ru

2119, Sty gl S S e
24 -
e kR R B R, 2T ) S e

38. A fan unit for controlling the firmness of a fluid supported mattress as
claimed in claim 37, wherein the vibration dampening mounts are a plurality of O-

rings held in compressive engagement between the fan and the fan unit housing.

39. A fan unit for controlling the firmness. of a fluid supported mattress as
claimed in claim 31, wherein the fan has a fan motor and a fan body, the fan body
having a motor enclosure defined therein, the motor enclosure substantially
énclosing the fan motor and having at least one cooling air inlet and af least one
exhaust port defined therein, the at least one exhaust port being fluidly coupfed toa
selected impeller chamber, the fan motor having an axial rotatable drive shaft ahd 2
cooling impeller fixedly coupled to the drive shaft, whereby rotation of the cooling
impeller draws air-in through the at least one cooling air inlet, forcing said air
through the motor enclosure around the fan motor and exhausting said air through

the at least one exhaust port into the selected one of the impeller chambers.

12
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for[mg%fabvé%tg?ﬁéﬂ%ﬁ dozs i Ty STt ed bomfﬁﬁsghggbéfnlﬁTgeiP?\GE at c])p portion and spos/ss
portions ' - 18 - defining a

consi derabl e depth. Upper outer housing portion 210 has a generally
cylindrical center section 260 with squared corners 262, 263. The periphery
of the |lower portion of squared corner 262 is designed to mate with the
nose plate 232 of

ABSTRACT

An automatic contrpol system for controlling the firmness of a fluid

supported mattress of a bed assembly. The control system includes a motorized

. fluid pump, a control unit for operating the pump to adjust the firmness of the air
mattress, a hand held remote control unit for actuating the control unit, and a
transceiver system for transmitting information signals between the hand held unit

and the control unit. The air control system provides for independent control of

both bladders in a two bladder air matiress from a single unit, and allows a user to
consistently set the firmness of each mattress air bladder to a desired value. The air
control system includes an air pump specially designed to minimize transmission of

motor nolse into the environment.
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. [, RECEIVED §/26 13:15 1936 AT 533! gt PAGE 24 (PRINTED PABE 24%)
I nt ake nu%ﬁkxazﬂﬁ fefi phery of the |ower portion of squared corner F28885

Is designed to mate with the sealing plate 244 of cooling air nouth 238.
Pressurized air outlets 264 are defined in squared corner 263. The | ower
margi n of the side portion of upper outer housing 210 has interl ocking

marginal |ips 268 defined thereon. Interlocking marginal |ips 268 are
designed to mate with interl ocking marginal grooves 215 forned on the
margin of lip 214. Dowwardly directed posts 270 are designed to
be brought into registry with connecting Ps 219 forned in base 213.

Upwardly directed screws (not show?beare pasigd

tay . _.- = ~'- m
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thrblﬁﬁnﬁw@gﬁés e aalsel e 298 of conhett iz?lgmf:;(':';{sE %9 Bhd threaded into p.zsses
nmounting posts 270 to effect the mating of upper outer housing portion 210
to | ower outer housing portion 208. The fan unit 204 of punp
152 is best viewed in Figs. 13 and 14 and has two maj or subconponents: fan
housi ng 280 and two stage fan 282. The fan unit 204 'is preferably fully

assenbled prior to installation within punp housing 202. To facilitate

such assenbly, the fan housing 280 is fo d i 2
encl osing the two stage fan 282. The se al
housi ng half 280a of housing 280 with the tan

two hal ves of fan
Fig. 3
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hou's PTG VEREER SLAS A B BP9t by scP¥hs 2278 YR E46ed® At o supports 278p.2e/e5
Fan housing 280 has structure defining a | ower inpeller chanber 284.
- 19 - Lower inpeller chanber 284 includes a central air inlet 286
defined therein. Central air inlet 286 is in fluid flow comunication with

a central chanmber 223 of helical air

Fig. 7
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i nt AKAECEINEDA 26, AL 16a1996 AR EFF%N uni t PABR F'sPRUT W& ¢ T 1 bwer outer housimgrres
portion 208. Upper inpeller chanber 288 defines the second
chanber for two stage fan 282. Upper inpeller chanber 288 has an air

outl et 290 designed to exhaust pressurized air fromfan unit 204.

Lower inpeller chanber 284 and upper inpeller chanber 288 are fluidly
connected by air passageway 292, designed to convey pressurized air from

| ower inpeller chanber 284 to the upper inpeller chanber 288.
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{f RECEIVED B9/26 13:16 1996 AT 5338694 PAGE 28 (PRINTED PRGE 8)
A cylindr PEared8Pe 988%is fornmed between | ower inpel [er chanber 284 anelzases

upper inpeller chanber 288. Core 294 has cooling air inlets 296 defined
therein. Two Oring grooves 298 are formed around the inner dianeter of
core 294. To facilitate the nounting of fan unit 204 to base
213, four mounting slots 300 are fornmed integral with the external portion
of |ower inpeller chanber 284. Rubber nmounting grommets 302 are inserted
into mounting slots 300. Mounting gromrets 302 have a central bore defined
therein that is brought into registry with the central bore 218 of support
posts 216. | RefF'rlg n&

2o Flii::ﬁm:iS and 16A, the two stage fan .

v e =

282 of fan unit 204 is
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{ RECEIVED @9/26 13:17 19956 AT 5330594
a vari abl

282 has a
stage inpeller 306 is

PAGE, 29 (PRINTED PAGE 23)
nB@:8gesi gned to operate at various selected speeds.

first stage inpeller 306 and a second stage inpeller 308. First
rotationally nounted within | ower

Fasessss

i mpel | er chanber

284 and second stage inpeller - 20-
209y Fig. 14
288 208y 328y 325y 308) m 310y 312
280 _
) H
324 = a7 '
<6 o7g 290
317
278 {f , 304
292 38 | 5 2_2,2
. 3 282
} 1 LL /l C
I'
\
284’ 294’ 298 7 (510\306 a2
286”7 ‘318 928
o2 Fig. 15
. i"—l
.y lu 1 _3'\-325
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[ RECEIVED B89/26 13;17 1996 AT S33059%4 PAGE 38 (PR!NTED PAGE 3RB) ]
308 is r@ﬁ%ﬁﬁﬁﬁﬁ$l?ﬁnﬂunted i n upper inpeller chamber 288. P.3pe5

i npel l ers 306, 308 are mrror imges in construction and have curved
i mpel | er vanes 310 nmounted on an inpeller disk 312. Preferably, there are
eight radially directed curbed i npel | er vanes 310 on each inpeller 306,

308. The fan notor 314 is nounted on an axially shaft 316
extending between first stage inpeller 306 and second stage inpeller 308.
A small cooling fan 317 is nounted on axially shaft 316. : The

notor 314 is nmounted wi thin housing BIBFw %d ng air inlets 320 are
formed withi-n housing 318 to admt cool ai cooling fan 317. Cooling

3i6 T--326

Fig. 16b
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. RF.BE ED 89/2 3 17 1 96 a‘r 5338694 PAGE 21 (PRINTEp PAGE 31
ai t oUL %P are formed £he " bottom porf iI'on of housi ng 333185

apprOX|nate flrst stage I npel | er 306. Pomer | eads 324 are brought into the
top portion of housing 318 in order to power notor 314, by nmeans of a
power board 325. Power board 325 is affixed to housing 318 and is
stabilized wthin fan housing 280 by «clips 326. The two stage
fan 282 is nounted within fan housing 280 by two O rings 328. The O rings
328 are conpressively held within Oring grooves 298 of fan housing 280.
No portion of the fan 282 is in physical contact with the fan housing

946

> Fig I6c
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L RECEIVED @9/26 13:18 1995 AT 533D654 PAGE 32 (PRINT PAGE 32) 3 . .
280. AccoFEiRgtyoe t@E1two O rings 328 provide gﬁnpen|ng of vibrations p.32/85

generated by the two stage fan 282, thereby mnim zing the transm ssion of
such vibrations to fan housing 280. Various nodifications of
punp 152 are possible within the scope of this invention. For exanple, it
IS possible to re-orient the notor 314 and inpellers '

Fig. 18b

Fig, 18c

3??& )(206'
\
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F1 R bR hepn OXi et el y 90[efT] refative to base 213. Fig. 16B Blwves

a side schematic view of a re- orlented partlal (I ower portion) fan housing
280" positioned above a schenmatic base 213’ In this

enbodi ment, at |east one portion of housing 280 is renoved to -acconmobdate
a secure contact with base 213'. This configuration results in air intake
at inlet 904 after routing through base 213', and then routing of the air

t hrough the central chanber and inpeller chanbers substantially as

descri bed above.
Fig. 19a
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RECEWED pg9/26 1318 1996 AT 5330694. PAGE . 3% (PRINTED PAGE 34%) ]
Thé ¥ Entdichedaiihian Nori zontal Ofi entation of the fan housi ng 280F-34-85

alloms addltlonal vol unme of space between housing 280" and an outer punp
housi ng generally adjacent to air inlet 904. This is quite useful for
pl acenment of circuitry and el ectrical conponents for controlling the punp.

However, the @1_na of port s of the housing al so re-shape the
overal |l confi guEl onngt .

uter housing as a snaller, nore
circular (in plan view Iayout afive to the punp 152 shape and size

described in relation taF&GE Fig. 16C further illustrates
air chanber nodifications to
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{ RECEIVED ﬂf/z_ﬁ_ 13:19 1595 AT 5336694 PABE 35 (PRINTED PABE 35) ) . .
efficienc#® pressurized wi thin housing 280" Lip 945, shows.ssres

shaded lines, is deS|gned to route air in and out of the inpeller

chanbers. However, this lip has been inproved by |engthening to a new
shape designated 946. Lip 946 nore efficiently routes the air by extending
further into the air flow A further air routing inprovenment
is shown in Fig. 16C. This inprovenent is schematically sinmlar to the lip

extension in its utility with either Fig. 190
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R’efwé:ﬂvﬁﬁsﬂ?z’ggné 'l%é??iaﬁ,sf?saqnd 18A, P?Bﬁeyél“;ﬂ"gf%tpﬁabut)l é)n unit 206 of pﬁT?B’Bs
152 is fixedly nounted on punp outer housing 202. The housing 330 of air
distribution unit 206 is preferably nade of a thernoplastic naterial and is
conventionally coupled, in one enbodiment, to fan housing 280 by screws.

Al ternate enbodi ment air distribution units 206', are shown in Figures 18B,
18C, and 18D. Alr dISt bution unit 206" is designed for ease and econony
of assenbly by jkéap in and snap-fit portions. These portions, such
as sol enoi d reta|n| resilient fingers 331 and snap-fit portions 332,

elimnate the need fssenb| y Flg 230
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-23- a TP 196 Wnthiit 337a and flexible conduit 337a is -connected to-goo
pressure sensor 156. The right pressurized air outlet 336 is simlarly
connected to conduit 337b which is connected to pressure sensor 158. Left
pressurized outlet 334 is in fluid conmunication.with tube 166 which is in
free pressure communication with a first air bladder 30 of the mattress
unit 14. The right pressurized outlet 336 is simlarly connected to a
second air bl adder 32 by way of tube 168. The pressurized air flow tc

Fig. 23c
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ﬁhﬁmﬁkmnmmem%gmagq ani3RBPhdder s 30 32 is controlled by a left solenoid
val ve SH3®P o] t sol enoi d val ve 340. Air flow proceeds through the

sol enoid val ves 338, 340 through inlet receptacles 170, 172 into tubes
166, 168 to achieve air conmunication wth the air bladders 30, 32.
Actuation of valves 338, 340 withdraws the solenoid shaft 341, thereby
opening the inlet receptacles 170, 172. In assenbly, flexible
nmount 212 is first placed upon base 213 of |ower outer housing portion
208. Flexible nount 212 is positioned with respect to intake nouth 224 and
cooling air nmouth 238 such that air enterbigtintake openi ngs 225a
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225d is dﬁzpeg?elag%eﬂaéé?h flexi ble nmount 212 and air entering cooling air.4i/8s
I ntake 240 it directed above flexible nmount 212. Fan unit 204
is then placed on top of the foam rubber cushion 250 flexible nmount 212.

Sui tabl e screws 348 are passed through the central bores 218 o support
posts 216 and are threadedly engaged with rubber nounting gromets 30:

that are in the nounting slots 300 of %h y ng 280. As these screws are
tightened the fan unit 204 is/pw | ed essive engagenent with the

f oam rubbe cushi on 250 of thd @xi bl e mount. 212.. The rubber nounting

gromrets 302 com 566
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- 24 - into conpressive engagenent with the ‘REPDAQF GRITs SHL
means, the fan wynit 204 is held in fixed engage ﬁﬁm
‘housi ng portion 208 of °~ punp outer housing 202 t tipe
vi brations generated within fan unit 204 are {a gﬁ&ﬁf@ﬁom r ubber

cushi ons 250 ‘of flexible nount 212 and the~ rubbér_onunting grprhets 302.
Accordingly, the transm ssion of vibrations frém

ET By t4iieBst oo
“oyver outer

OV N

TECHNICAL FIELD

This invention relates to improved methods and apparatus for
attaining and regulating the fluid pressure in one or more fluid accommodating
structures. More particularly, the invention relates to improved air pumps,
controﬂers, information processing ahd hand controls for measuring an.d varying
the air pressure in an air mattress.

BACKGROUND OF THE INVENTION

Air supported mattresses are used with cots and beds to provide
yieldable body supports. The air mattresses can be inflated with hand operated
pumps or bag pumps. Motor driven blowers and pumps have also been used more
effectively to supply air under pressure to air mattresses. U.S. Patents 4,908,895 and

| 4,644,597, assigned to the assignee of the present iﬂvention, describe possible
constructions of air mattresses.

The air mattresses will typically sit within a border which supports the
mattress such as that described in U.S. Patent 4,991,244, also assigned to the assignee
of the present invention. Double, queen or king size beds can involve two air
mattresses or twé air chambers with individually adjustable air pressures. These air
chambers may be further divided internally with free fluid flow between these
further divisions. The air mattresses can be equipped with a one-way air pressure
relief valve operable to limit the air pressure in the air matiress to about 1 psig

(pounds per square inch gauge, i.e., relative to ambient pressure) to prevent seam

e,




fan unit 204 to | ower outer housing portion 208 of et ehatigusi ng
202 is mnimzed. The upper outer housing portion Rﬁg}.ug& Sy {i
housi ng 202 may then be installed over the fan unit [204 and air
distribution unit 206 w thout the physical contact ther@MARN1997

The service unit (not shown) perforns “of the f nd“tlon of a hangl
control unit 42 in addition to various diagnostic ¢héeks—of~the-basejunit
44, separation and blowoutOperation of the Base Upit Air Punp

In operatl n of the base unit air punp 152, air is drawn 1n through
The blasing or firmness characteristics of an air mattress are

determined by the pressure of the air in the air mattress. Control mechanisms have
been used to adjust the inflation of air mattresses. Young et al. in U.S, Patent No.
4,224,706, for instance, disclose a mechanism for adjusting the amount of air in an
air mattress. The mechanism disclosed in the ‘706 patent includes one or more
receptaéles connected to air mattresses for supplying air to and receiving air from
the air mattresses. ’I‘hése receptacles are lqcated in the frame below the mattress.
The internal volumes of the receptacles are changed by the rotation of a hand crank.
The variation of the volume in the receptacles adjusts the pressure of the air in the
alr mattresses. |

Other control systems for air matiresses have allowed operators to vary
the air pressure within the mattress at the touch of a button. The hand control units

in these systems were either located on the air tube connecting the pump to the
mattress or the hand control units made an electrical connection to the pump and
solenoid valves. See, for example, U.S. Patents 4,897,890, 4,829,616, 4,890,344, also
assigned to the assignee of the present invention.

These hand control units typically allowed for the transmittance of two
instructions to the pump/control unit. These instructions were either to increase or
to decrease the pressure. The users had to rely on their tactile senses in adjusting
the air pressul;e because the units supplied no information to the user re'gard.ihg the

pressure in the matiress.



I nt ake openi ng 225a, 225b to helical air intake passg
being transmtted out through a straight line air in
noi se in conventional air punps. In contrast, the heg
passageway 222 acts to. mnimze the transm ssion of
t her et hr ough. The air is” wn from cent
helical air intake passageway 222 through air inlet

L CRA DT RITRQISe
y\ﬁﬁg‘»i%ﬂhﬁ of
l'ijcal air _intake
f gn ABIMAR 1997

rgl_chanber 223off the
286 and [ower 1npeller

chanmber 284. The air is pressurized and accel erated b;L_L.hJJ__L_QLaLL.m.g,Nf‘,’f
first stage inpel | ePneagevionsrdesign of presstreasontrel fonan plrwatiressisvgived

passageway 292 to the upper inpeller chanber 288. Th
pressuri z&depingt the aivpressure swstant attalldimes whether the

e air is then further
user was on the mattress

or not. See U.S. Patent Nos. 5,142,‘71‘7 and 4,995,124. A control unit allowed for a
preset pressure to be set. One problem with this arrangement was the dramatic
“change in pressure at the time 2 user applied weightlto the mattress. The air
matiress had to have an internal structure to support much of the users weight in
order to prevent the e§cape of large voiumes of air while regulating the pressure at
the previously set value. The internal- structure interfered with the comfort
advantages of having an air supported mattress.

Another design of a pressure control unit provided a digital display of
the internal pressure and push buttons. See U.S. Patent No. 5,020,176. The user
could either use a constant pressure mode where the pressure could be set by the
user. The user also had the option of using a manual mode where the pressﬁre was

not kept constant but where the user directly controlled the flow of fluid into or out

. from the mattress.

In these previous designs, if the bed contained two separate mattresses
or air bladders, two hand control units were supplied with each éontrolling its
respective air bladder. Therefore, a person lying on one side of the bed could not
assist their bed partner on the other side of the bed with an adjustment of the air
pressure on the other side of the bed without physically going to that side of the bed.
The hand contro! units were physicaliy attached to the control unit, thereby

restricting the location of a particular unit.



- 25 - i npel | er 308. The pressurized air is gpEpl ‘sgﬁii'“ \@Tﬁfﬁtﬁf ousi ng

280 via air outlet 292 to the air distribution}u 21486}. The=dafr
distribution unit 206 then distributes pressurilzgd Airk qr jbot h of
the air chanbers of .the air bed as deter4m_ned by theé‘oMA‘Q“%‘;e

The processing involved in these earlier control systems for air beds
was minimal. The constant pressure systems involved a periodic examination of
the pressure and a comparison with the desired value. Air was then added or
removed as needed with several steps ﬁsed if needed to obtain the desired pressure.
In the manual control designs, the operator directly controlled the pump and the
release valve to control the flow of fluid into or out of the mattress.

Electric motor driven pumps have been used in the past to inflate air
mattresses. The operating noise of such pumps was a common source of consumer
complaints. The pumps were most frequently utilized when the bed user was
preparing to go to sleep. A noisy pump detracted from the restful atmosphere
necessary to induce sleep. The most frequent cause of noisy operation of such
pumps is the rigid mounting of the fan motor to the pump housing. Such rigid
mounting transmits vibrations and noises generated by the pump motor ‘to the
pump housing and to the environment around the pump. - Further avenues of
noise transmission to the environment in air pumps are the supply air inlet and the
cooling air inlet. Sound insulating and dampening materials could be built into the
pump motors and housings, but only at the risk of thermal insulation and 'résultant
over heating of the pump motors.

It would be an advantage in the industry to provide a quiet pump in
which the roise and vibration of the fan motor is dampened with respec:t to the
pump housing and wherein adequate cooling of the pump motor was provided for.

Further, the air inlet and cooling air inlet should be designed to minimize the



| eft sol enoid val ve 338 and right solenoid val R4 ﬁa~~»_§£%§¥ Cool i ng
air is drawn in through the cooling air intakej 2d0. The cooling}{ air fl oods
the space defined between the upper outer hous|npg pgMARM9910 fof} punp

outer housing 202 and the fan unit 204. The copl|ng air is drawn by cooling
fan 317 through the cooling air inl ef 396 and|i hto—the nousTt ng B18 of the
two stage fan 282. The cooling fan 317 forces{the cooling air_downward

t hrough notor 314 of the two stage fan 282 and out _through the cooljng air
outl et. Themouot iof faminoiss ransmeitiegcthergthranghn eIt vinsdd ihepef LBPosRAVangs
The cooling air is then pressurized by the first stage_inpeller 306 and

m xed wi t htat provide amayli-spaedimoter de mrewidesfor aptiresl pgBping with less noise and

with a minimum of overheating problems. With respect to the control of the units,
it would be a distinct advantage to have hand control units where the user of the
© unit was not tethered to the pump unit, and where the user could control both air
bladders in the case where each side of the bed had its own independent bladder. It
would also be a decided advance in the art to be able to accurately and consistently
monitor and control the pressiwre of the air mattress to a desired setting.
SUMMARY OF THE INVENTION
The air control system of an air bed in accordance with the present
invention in large part solves the problems outlined above. The air control system
hereof includes a motorized pump specially designed to reduce noise, and includes a
remotely operated hand held control unit untethered from the air pump. The user
of a bed assembly cor;trolled by the air control system hereof can accurately and
consistently adjust the firmness of the air mattress to a desired setting. The remote
hand control unit in accordance with the air control system of the present invention
allows the user to set the firmness of both bladders in a double bladder air mattress
independently of each other.
The hand held control unit communicates with the base unit by way of
a radio transceiver. The base unit monitors and transmits o the hand held unit a
measure of the air mattress firmness, and responds to commands from the hand

held unit to change the firmness of the mattress.



4 ution unit
206. The foregoing cooling air path acts to Iminim ze thgg.‘}r ngm ssi on of

fan vibration and noise therethrough. 2 0 MAR 1 Qper ati on of
the Air Control System The_functjop of the air rol system
40 relies on the conmmunication |ink begueen he—tase unit 44 apd the hand
control unit 42. Communications are always ifitiated by.el * a hand

¢ asponse o mossagect i HEREIPITEAY REPHTR Y HRet Tl sRybiintspdbas w0
minimize noise while optimizing pumping conditions. The motor speeds can be
stepped through a pre-determined manner to obtain gizp;c} :r?c-:tor speed while at
the same time monitoring motor temperature to prevent overheating. The base
unit is specially designed to prevent transmission of undue motor noise from the
base unit into the surrounding environment. Microprocessors in both the hand

held control and the base urit allow for the optimization of pumping conditions

without interaction of the user beyond selection of a desired firmness.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.lis a perspectifre view 6f an air bed, partly in section, depicted in
conjunction with an air control system in accordance with the present invention;

Fig. 2A is a plan view of a hand control unit of the air control system;

Fig. 2B is a plan view of a hand control unit of the air control system; .

Fig. 3 is an expanded view of one digit and the half digit of the display
of the hand contro! unit; '

Fig. 4 is a schematic view of the inside of the hand control unit;

Fig. 5 is an exploded view of the base unit of the air control system;

Fig. 6 is a top plan view of the base unit processoi- board with a
schematic representation of the base processor and the base receiver/transmitter;

Fig. 7 is a side view of a tube and hose fitting that is used to attach an
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bits followed by 2 one bits. '
i ¢h 4 Qg theloriginator or
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alr mattress to the base unit;

Fig. 8 is a perspective view of the hose fitting that connects to a
receptacle in the base unit; |

Fig. 9 is a cross sectional view of a receptacle in the base unit which |
accepts the hose fitting of Fig. §;

Fig. 10 is a side elevational view of the fan unit and air distribution
unit mounted on the lower housing portion of the air pump housing;

Fig. 11 is a top plan view of the fan unit and air distribution unit
mounted on the lower housing portion of the air pump housing;

Fig. 12 {s an elevational view, taken from the right side as deplcted in
Fig. 4, of the fan unit and air distribution unit mounted on the lower housing
portion of the air pump housing;

Fig. 13 is a side elevational view of the fan unif;

Fig. 14 is a sectional view taken from the perspective of line 14-14 of -

Fig. 13;
Fig. 15 is a side elevational view of the fan of the fan unit;
Fig. 16A is a top plan view with phantom lines depicting the power
- board beneath the impeller; |

Fig. 16B is a schematic partial section view of a re-oriented pump
housing and base;
Fig. 16C is a schematic partial section view of a re-oriented pump

housing and base with improved air routing means;



software and a four bit instruction. Hand control

REPEACEMMNIE S‘{

particular ID into nessages that they send. Al sgr

IDU uIIIID

ID, all zeros, and revision code, all zeros, into'tﬁeéﬁm?@thitithey
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each bit. A base unit 44 responds to massages onIy from

servi ce unisoleroidivalwe shown in phantom;

Fig. 18A is a side elevational view of the air distribution unit with the
right and left solenoid va.lves shown in phantom;

Fig. 18B is a perspective view of the inner portion of a snap-fit air
distribution unit;

P

Fig. 18C is a partial perspective view of the gwide of a snap—fit air
distribution unit;

Fig. 18D is a partial top perspective view of the outside of a snap-fit air
distribution unit; .

Figs. 192-19¢ are flow diagrams depicting the processing steps of the
hand control processor upon pressing one or two buttons;

Fig. 20 is a flow diagram depicting the transmission sequence followed
by the hand control processor; - _

Fig. 21 is a flow diagram depicting the overall operation of the base
processor;

Fig. 22 is a flow diagram depicting the receiving and decoding of
messages by the base processor; and

Figs. 23a-23e are flow diagrams depicting the processing of time
dependent actions by the base processor.

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 contains a view of a resilient support 10 in conjunction with an
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hand units 42 that it recognizes. A base unit 44 puts tllu~ ; Ra Y
unit's IDin the response nessage. A base unit 44 nmainftdins a list of  hand

unit IDs that it recognizes, up to two. The list can He |erd BNAR t857any
hand control unit 42 during the first _ggis_ secs. after fthhe base unit 4% s
powered on. This facilitates the initialzation of thejlis =5 zgd
hand control units 42. If there is a power outage or t base_station isj
unpl ugged, previously entered IDs will be remenbered by the base unit 44,

and 1 ei ni gir FohEM Pster il a8rdBSce’ I the bredéritAnvéntorlaResiligdt support 10 is
I ntroduction procedure, described below, “can be used by a recognized hand

control u%&fetféﬂbWSrmnarﬁﬂéwb@&%gm #MBtd pfdtelablygh AHBYd ¢ bbcormadhessneEss -

The hand | nt’roducti on procedure _
more persons. Resilient support 10 has a generally rectangular base or box spring

unit 12 adapted to be supported on a floor or a frame engaging the floor. A mattress
unit 14 is located on top of box spring uhlt 12, Mattress urﬁt 14 has a generally
panshaped resilient member 16 having upright linear side edges 18 and 20 joined to
a transverse front edge 22 and a comparable transverse rear edge 24.

Side edges 18, 20, front edge 22 and the rear edge 24 are integral with the.
peripheral porti;:ns of a generally flat bottom 26 to form therewith a generally
rectangular chamber 28. A palr of side by side longitudinal air bladders 30 and 32 are
located in rectangular chamber 28. The air bladders 30 and 32 comprise air
mattresses or air bags that can include a plurality of transverse and/or longitudinal
chambers adapted to accommodate air under pressure. The air bladders 30 and 32
are of a size to fill rectangular chamber 28. Commercially available air bladders vary
in size from 23 to 34 inches wide and 67 to 84 inches long. Preferably, the air
bladders 30, 32 have an inflated thickness of 5.5 inches. Other types and sizes of air
‘bladders as well as bladders designed to accept other fluids, e.g. water, can be used in
-mattréss unit 14 for resilient support 10.

A generally rectangular cover 38 fits over edges 18, 20, 22 and the rear
edge 24 to enclose the top of chamber 28. As shown in Fig. 1, a portion of the cover
38 has been rolled back to illustrate the side-by-side placement of air bladders 30, 32

in rectangular chamber 28.



conpletely rewites the list of recognized hand coﬁi?&l;unﬁbNI[%HEET

The hand control processor 118 responds basically tofihe pressing pf} one
or both buttons 106, 108. Referring to Fig. 19a, il t{he dGMAR 9t bl
processor 118 - 10 - - 27-

The alr control system 40, in accordance with the present invention,
functions to provide air under pressure to air bladders 30, 32 and to control the
pressure of the air bladders 30, 32. The air control system 40 includes a hand control
unit 42 and a base unit 44.

ntrol Unit Em ment

Hand cdntrol unit 42 shown in Fig. 2A is preferably a remote unit
physically unconnected to the remainder of the air control system 40. Fig. 2B shows
an alternate embodiment hand' control unit 742, which comprises an analog
pressure gage indicator 804, and air control buttons 806, 808. Hand control unit 742
is preferably used with the alternate pump configuration described in relation to Fig.
16B, although it is useful with various pump configurations.

The hand control unit 42 allows a user to control the air pressure
within the air bladders 30, 32 while lying on the mattress unit 14 or in any other
position in the vicinity of the air control system 40. Hand control unit 42 is
preferably used with pump 152 described later below, although it is useful with
various pump configurations.

The top surface 102 of hand control unit 42 contains a digital display
104, two buttons 106, 108, and a two position switch 110. Digital display 104 presents
information received from the base unit 44. Preferably, the digital display 104 is
made up of a liquid' crystal display (LCD). The LCD is made up of two digits 112
ranging from 0-9 and a half digit that can only be a 1 or unilluminated. In this

preferred embodiment, each digit 112 is made up of 7 segments 113, as shown in Fig.



det er m nes
hand contr
sl eep node
control un
sl eep node
whet her 10
|n Fig. 19

second
mhere the
enters the
w t hout ac

that neither button 106, 108 is being press=dra:t“st'e"p“'ZIUO““t
ol processor 118 determ nes whet her the unif{ m 1?9 N
or not at step 401. If it was in the sleep de e

it 42 continues in the sleep nmode 402. If i |
at step 401, the hand cont rnﬂ' processor 118} next determ nes
seconds have passed w thout activity at step“zﬂi‘aL as depmte

3 pee e el 2B 1 made Bty st B e BoBPEPiie 1
g%gllﬂﬁggss‘g{)gy?iﬁéé%% dtv%ﬁprg racj%t he ha control n 4

tivi tIy . the hand control
Digital display 104 displays for the user a number related to the pressure within the
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air bladders 30, 32. Preferably, the button (either 106 or 108) which is designed to
increase the pressure in an air bladder has a protruding top portion as felt by the
user, while that button designed for deflating or reducing air pressure in an air
bladder is designed with a depressed top portion as felt by a user. This further
optimizes the ergondmics of the hand control unit and facilitates use without even
viewing the unit.

The two buttons 106, 108 and the switch 110 provide for the
communication of a command from the user to the air control system 40. The two
buttons 106, 108 are adapted to be used by the user to initiate an inflation or deflation
cycle, request the display of the current pressure or to instruct the base unit 44 to
recognize the hand control units 42.

The position of two position switch 110 selects the air bladder 30, 32 on
which the. operations of the hand control unit 42 will function. The top surface 102
of the hand control unit 42 can include markings indicating left or right' near the
corresponding side of switch 110. The preferred convention for determining the
left/right side of mattress unit 14 is from the perspective of a person laying on their
back with their head in the proximity to the front edge 22 (hose side) of the mattress
unit 14, although other conventions can be used. For a system having a single air

bladder 30, either position of the switch 110 will allow adjustment of the pressure in

he

2
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as described below.

Referring to Fig. 4, the interior of the hand control unit 42 contains a
portable power supply 116, a hand control processor 118 and a hand control
receiver/transmitter 120. The portable power supply 116 is made up of a disposable
battery or a rechargeable battery. The hand control processor 118 receives input from
buttons 106, 108 and base unit 44 through hand control receiver/ tran.s:mtter 120 and
sends output to digital display 104 and base unit 44. The hand control processor 118
is a digital processor, for example a Motorola MC68HCO$P4 microcontroller with a
litle more than 4 Kbytes of ROM (program) memory, 176 bytes of RAM memory, 20
I/0O port pins, 1 input-only port pin, 1 timer output pin, and a 16-bit
capture/compare timer. The software for the hand control processor 118 is stored in
the ROM memory during fabrication. The hand control processor 118 is
permanently encoded at manufacture with an eight bit unit ID code and a four bit
revision code for the software version by the selection of appropriate resisters
within the hand control unit 42. Hand control receiver/ transmitter 120 is adjusted
to a proper electromagnetic frequency to receive from and transmit to base unit 44.
The hand control receiver/transmitter 120 can receive radio signals or transmit
radio signals, but it cannot transmit and receive at the same time.

Base Unit Embodiments

The base unit 44 of the present invention is depicted in Fig. 5. The base

unit 44 contains a motorized pump 152, pressure sensors 156, 158 (Fig. 10), and a base



control isinits active state at step 412. If the h Y Was
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unit processing board 160 (Fig. 11). Referring to Fig. 6, the base processing board 160

contains the base processor 162 and the base receiver/transmitter 164. The base unit

44 is connected to air bladders 30, 32 by way of flexible tubular lines or tubes 156, 168 |
through inlet receptacles 170, 172. Tubes 166, 168 allow the air control system 40 to
place additional air or to remove air from the air bladders 30, 32 to achieve a desired

air pressure within the air bladders 30, 32. For a single air bladder 30 mattress unit
14, tubes 166, 168 can be replaced with a Y-shaped tube (not shown) so either the

right or left side commands will effect the single air bladder 30 or, alternatively, the

unused inlet receptacle 170, 172 can be plugged. An electrical plug 174 is designed to

be connected to a conventional ac power receptacle. An electrical power cord 176

connects plug 174 to base unit 44.

The base receiver/transmitter 164 is tuned to an electromagnetic
frequency that is preferably selected .to be in the radio frequency range. The
electromagnetic frequency is preferably within the range from 315 MHz (106 Hz) to
350 MHz. The selection of the radio frequency pa;rt of the electromagnetic spectrum
enables the clear transmission of the signal without the need for the user to point
the hand control unit 42-at the base r.eceiver/ transmitter 164. The Signal is
transmitted in digital form at the rate of 833 bits per second. The base
receiver/transmitter 164 can receive radio signals or transmit radio signals, but it
cannot transmit and receive at the same time.

The pressure sensors 156, 158 are standard piezoelectric pressure

sensors such as those available from IC Sensors Inc. The cap on the pressure sensors



processor 118 requests the current pressure 416 fromthe base unit 44 by~
way of the hand control transmtter/receiver 120 at step 418. to show a
pressure neasurenent sanpled within the last 30 seconds. A response from
base unit 44 .is received and decoded 4 9, and the display 104 is updated
420. Then, the hand control processor 8 sets a timer counting 422, and
returns to determne again if a button 106, 108 is depressed 400 when the
appropri at 856, 68 tanteirezlsnidle hblet too aHowsair eamdedamblientvpltassuref tooemtehe Thisrer
can be used for the |later determination of how | ong the button has
' allows the measurement of the variation from ambient pressure by the pressure
sensors 156, 158, The circuitry to amplify the signal from the piezoelectric sensor
and to perform the analog to digital conversion is also standard in the art.
162
The processor &0 is a digital processor, for example Motorola
MC68HCO5P6 microcontroller with a little more than 4 Kbytes of ROM (program)
memory, 176 bytes of RAM memory, 20 I/O port pins, 1 input-only port pin, 8-bit
analog to digital converter, and a 16-bit capture/compare timer. The software for the
162 is stored in the ROM memory during fabrication. |
Referring to Figs. 7, 8 and 9, tube 166 is shown in conjunction with a
tube fitting 180. Tube fitting 180 is selectively, detachably received within an inlet
receptacle 170, 172, it being understood that the tube 168 is identical in construction
with tube 166. Fitting 180 is preferably comprised of a one piece, synthetic resin,
generally tubular body 182. The fitting body 182 includes a tube receiving end 184, a
body midportion 186, and male connector head 188.
The male connector head 188 includes an enlarged sealing portion 190.
The sealing portion 190 carries a sealing o-ring 192. Connector head 188 also
includes connecting tip 194. Connecting tip 194 includes a pair of generally semi-
circular in cross section prongs 195, 196. The prongs 195, 196 are arranged on the Hp
194 in mirror image fashion. Each of the prongs 195, 196 include an axial portion

197 extending outwardly from the enlarged portion 190 of the connector head 188,

and a half-circumferential portion 198 arranged in generally L-shaped fashion with
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Referring to Figure 9, each of the inlet receptacles 170, 172 include a
generally tubular inner wall 201, and a boss recelving aperture 203. A connector
head 188 of a respective hose fitting 180 is detachably received within a re§pective_
receptacle 170, 172, with the sealing O-ring 192 carried by the enlarged portion 190 of
the connector head 188 received in sealing contact with the receptacle internal side
wall 201. A boss 200 of one of the-two connecting head prongs 196, 197 is detachably
raceived within the aperture 203.

Pump 152 has three major subcomponents: pump outer housing 202,

fan unit 204, and air distribution unit 206.

Pump outer housing 202 has three subcomponents: lower outer
housing portion 208, upper outer housing portién 210, and flexible mount 212.
Generally, the lower outer housing portion 208 provides the mounting.base for the
fan unit 204 and the upper outer housing portion 210. The upper outer housing
portion 210 is mated to the lower outer housing portion 208, enclosing the fan unit

204 without physical contact therewith. Since the upper outer housing portion 210

- of pump outer housing 202 is not in contact with the motor unit 204, mechanical

dampening of the fan unit 204 is required only between the fan unit 204 and the
lower outer housing portion 208 to which the fan unit 204 is mounted in order t¢
minimize vibration and noise transmission.

Referring to Figs. 5, 10 and 11, the lower outer housing portion 208 is
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comprised of a base 213 and peripheral lip 214. Lowar outer housing portion 208 is
preferably made of a thermoplastic material. The base 213 is designed to be generally
flat in order fo facilitate being placed upon the floor proximate to the air bed. The
peripheral lip 214 has an upper margin into which interlocking marginal grooves
215 are formed.

Four upwardly directed support posts 216 for fan unit 204 are formed
integral with base 213. The support posts 216 project above the upper margin of the
peripheral lip 214. The support posts 216 have a central bore 218 defined therein to
facilitate the passage of a connecting screw therethrough. Smaller connecting posts |
219 are also formed integral to base 213. Connecting posts 219 are designed to
facilitate the connection of the upper outer housing portion 210 to lower outer
housing portion 208. A central bore 220 is defined in connecting posts 219 in order
to facilitate passage of a connecting screw therethrough. |

A helical wall 221 is formed integral with base 213. Helical wall 221
defines a portion of helical air intake passageway 222. Helical air intake passageway
222 extends from central chamber 223 outward to intake mouth 224. Helical air
intake passageway 222 is defined by base 213, helical wall 221, and flexible mount 212.

The intake mouth 224 has two adjacent intake openings 225a and 225b,
separated by a central support 226. Support tabs 228 overlie supporting structure 229
formed in base 213. Screws 230 are threaded through bores formed in sﬁpport tabs
228 and then threaded into the supporting structure formed in base 213 to affix

intake mouth 224 to lower outer housing portion 208.



2 0 MAR 1997 - 29
determ ning that the buttons are not disabled at stg
determ ned how many buttons are depressed 432. |f on
at step 432, it is determned if the pp;ton has bed
seconds 434. |f not, the program conthtes with st
digital display 104 is increnmented or decrenented a

p
e
n
p
P

on which button 106, 108 is degressed 436. itia
decrement is processédn%i?ePE?Q)

REPLACTMEN] SHERT]:

t eésed
e% 6339 t wO
400. . 1f _ves,
propriately depeHdlng

32 prqjects from andovss @ intake openings 225a and

225b. The nose plate 232 is strengthened by gussets 234.

A cooling air mouth 238, depicted in Fig. 12, is also affixed to lower
outer housing portion 208 of pump outer housing 202. The cooling air mouth 238 is
generally located diametrically opposed to the intake mouth 224.

Cooling air mouth 238 has a cooling air intake 240 defined therein.
The cooling alr mouth 238 is affixed to base 213 as previously described by means of

‘support tabs 242 and screws 243. A sealing plate 244 projects from and overlies the
cooling air intake 240.

The flexible mount 212 is placed atop base 213 of lower outer housihg
portion 208. The central underside position of flexible mount 212 is supported upon
the top portion of helical wall 221.

Flexible mount 212 has a central aperture defined therein. The central
aperture 244 is in registry with central chamber 223 of helical air intake passageway
222, Cutouts 246 are provided in flexible mount 212 to accommodate the passage of
support posts 216 therethrough.

Flexible mount 212 is formed of a relatively thin lower flexible rubber
portion 248 and an upwardly directed relatively thick foam rubber cushion 250. The
foam rubber cushion 250 is preferably bonded to flexible rubber portion 248. Flexible
mount 212 is forrned in 2 generally circular shape.

The upper outer housing portion 210 of pump outer housing 202 is

formed generally in an inverted bowl shape, having a top portiori and side portions
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lower portion of squared corner 262 is designed to mate with the nose plate 232 of

intake mouth 224. The periphery of the lower portion of squared corner 263 is
designed to mate with the sealing plate 244 of cooling air mouth 238.

Pressurized air outlets 264 are defined in squared corner 263. The lower
margin of the side portion of upﬁer outer housing 210 has interlocking marginal
lips 268 defined thereon. Interlocking marginal lips 268 are designed to mate with
interlocking marginal grooves 215 formed on the margin of lip 214, Downwardly
directed mounting posts 270 are designed to be brought into regfstry with connecting
posts 219 formed in base 213. Upwardly directed screws (not shown) are passed
through the central bore 220 of connecting post 219 and threaded into ‘mounting
posts 270 to effect the mating of upper outer housing portion 210 to lower- outer
housing portion-208. .

The fan unit 204 of pump 152 is best viewed in Figs. 13 and 14 and has
two major subcomponents: fan housing 280 and two stage fan 282. The fan unit 204
is preferably fully assembled prior to installation within pump housing 202. To
facilitate such assembly, the fan housing 280 is formed in two hal;res 280a and 280b,
enclosing the two stage fan 282. The sectional view of Fig. 14 depicts housing half
280a of housing 280 with the fan 282 installed therein. The two halw}es of fan
housing 280 are held together by screws 276 threaded into supports 278.

Fan housing 280 has structure defining a lower impeller chamber 284.
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air inlet 286 is in fluid flow communication with a central chamber 223 of helical air

intake passageway 222 when fan unit 204 is mounted to lower outer housing
portion 208.

Upper impeller chamber 288 defines the second chamber for two stage
fan 282. Upper impeller chamber 288 has an air outlet 290 designed to exhaust
pressurized air from fan unit 204,

Lower impeller chamber 284 and upper impeller chamber 288 are
fluidly connected by air passageway 292, designed to convey pressurized air from
lower impeller chamber 284 to the upper impeller chamber 288.

A cylindrical core 294 is formed between lower impeller chamber 284
and upper impeller chamber 288. Core 294 has cooling air inlets 296 defined therein.
Two O ring grooves 298 are formed around the inner diameter of core 294.

To facilitate the mounting-of fan unit 204 to_bése 213, four mounting
slots 300 are formed integral with the external portion of lower impeller chamber
284. Rubber mounting grommets 302 are inserted into mounting slots 300.
Mounting grommets 302 have a central bore defined therein that is brought into
registry with the central bore 218 of support posts 216.

Referring to Figs. 14, 15 and 16A, the two stage fan 282 of fan unit 204 is

© a variable speed unit designed to operate at various selected speeds. Fan 282 has a
first stage impeller 306 and a second stage impeller 308. First stage impeller 306 is

rotationally mounted within lower 'impeller chamber 284 and second stage impeller
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308 is rotationally mounted in upper impeller chamber 288.

The impellers 306, 308 are mirror images in construction and have
curved impeller vanes 310 mounted on an impeller disk 312. Preferably, there are
eight radially directed curbed impeller vanes 310 on each impeller 306, 308.

The fan motor 314 is mounted on an axially shaft 316 extending
between first stage impeller 306-and second stage impeller 308. A small cooling fan
317 is mounted on axially shaft 316.

The motor 314 is mounted: within housing 318. Two cooling air inlets
320 are formed within housing 318 to admit cooling air to cooling fan 317. Cooling
air outlets (not shown) are formed in the bottom portion of housing 318
approximate first stage impeller 306. Power leads 324 are brought into the top
portion of housing 318 in order to power motor 314, by means of a power board 325.
Power board 325 is affixed to housing 318 and is stabilized within fan housing 280 by
clips 326.

The two stage fan 282 is mounted within fan housing 280 by two O
rings 328.. The O rings 328 are compressively held within O ring grooves 238 of fan
housing 280. No portion of the fan 282 is in physical contact with the fan housing
280. Accordingly, the two O rings 328 provide dampening of vibrations generated by
the two stage fan 282, thereby minimiziné the transmission of such vibrations to fan
housing 280.

Various modifications of pi.tmp 152 are possible within the scope of

this invention. For example, it is possible to re-orient the motor 314 and impellers
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In this embodiment, at least one portion of housing 280 is removed to
accommodate a secure contact with base 213'. This configuration results in air
intake at inlet 904 after routing through base 213', and then routing of the air
through the central chamber and impeller chambers substantially as described
above. -

The vertical rather than horizontal orientation of the fan housing 280
allows additional volume of space between housing 280' and an outer pump
housing generally adjacent to air inlet 904. This is quite useful for placement of
circuitr& and electrical components. for controlling the pump. However, the
elimination of portions of the housing also re-shape the overall configuration of the
pump outer housing as a smaller, more circular (in plan view) layout relative to the
pump 152 shape and size described in relation to Fig. 5.

Fig. 16C further illustrates air chamber modifications to improve the
efficiency .of air being pressurized within housing 280. Lip 945, shown in shaded
lines, is designed to route air in and out of the impeller chambers. However, this lip
has been improved by lengthening to a new shape designated 946. Lip 946 more
efficiently routes the air by extending further into the air flow.

A further air routing improvement is shown in Fig. 16C. This

improvement is schematically similar to the lip extension in its utility with either



Alternatively, the user can do nothing for about one min

di spl ayed at step 458

nor mal operating node.
t he hand control un|t
t he user ts th
hand cont?g

ACEMENT sﬁafﬂ .

ch artef

. I f the base unit 44 has not recegivye
nmessage by the end of the mnute, the base unit 44 sends 2@%@&%@@%%1
causes the hand control

(]
unit 42 to stap, displaying "("land to returnitb
(This option is—hot depicted i i the Fig. 19c si n;ce
does not nmake the determ nationst ff.)
t to contain t he use to the cond
b rarqriesed o SREWRLI, I 168, & B pulty isf eR g 388

figures. Line 968 depicts the arc of rotation of an impeller within an impeller
chamber. Line 970 depicts an inner wall of an impeller chamber, with the distance
between the lines being less thax;: about 1/4", and more preferably about 1/8". The
remainder of any previous chamber volume is preferably eliminated (as shown by
diagonal lines 985). The overall reduction in chamber volume reduces wasteful
vortices and improves the efficiency of pumps using this improvement.

Referring to Figs. 10,'17 and 18A, the air distribution unit 206 of pump
152 is fixedly mounted on pump outer housing 202. The housing 330 of air
distribution unit 206 is preferably made of a thermoplastic materiél and is
conventionally coupled, in one embodiment, to fan housing 280 by screws.
Alternate embodiment air distribution units 206', are shown in Figures 18B, 18C,
and 18D. Air distribution unit 206' is designed for ease and economy of assembly by
use of snap-in and snap-fit portions. These portions, such as solenoid retaining
resilient fingers 331 énd snap-fit portions 332, eliminate the need for assembly
screws, thereby incfeasing assembly speed. Precise manufacturing of embodiments
as shown in Figures 18B-18D further enhance the overall quality and
competitiveness of products manufactured according to this .invention. Air
distribution unit 206 has a pressurized air inlet 332 that is fluidly coupled to the air
outlet 290 of upper impeller chamber 288.

Air distribution system 206 further includes a left pressurized air outlet

334 and a right pressurized outlet 336. The left pressurized outlet 334 is connected to -
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a flexible conduit 337a and flexible conduit 337a is connected to a pressure sensor
156. The right fnressurized air outlet 336 is similarly connected to conduit 337
which is connected to pressure sensor 158. Left pressurized outlet 334 is in fluid
communication with tube 166 which is in free éressure communication with a firs
air bladder 30 of the mattress unit 14. The right pre#surized outlet 336 is similarly
connected to a second air bladder 32 by way of tube 168, The pressurized air flow tc
the aforementioned two bladders 30, 32 is controlled by a left solenoid valve 338 and
right solenoid. valve 340. Air flow proceeds through the solenoid valves 338, 34(
through inlet receptacles 170, 172 into tubes 166, 168 to achieve air communicatior
with the air bladders 30, 32. Actuation of valves 338, 340 withdraws the solenoic
shaft 341, thereby 6pening the inlet receptacles 170, 172.

In assembly, ﬂéxible mount 212 is first placed upon base 213 of lowe:
outer housing portion 208. Flexible mount 212 is positioned with respect to” intake
mouth 224 and cooling air mouth 238 such that air entering intake openings 225a

225d is directed beneath flexible mount 212 and air entering cooling air intake 240 i

directed above flexible mount 212.

Fan unit 204 is then placed on top of the .foam_ rubber cushion 250 o
flexible mount 212. Suitable screws 348 are péssed through the central borés 218 o
support posts 216 and are threadedly er;gaged with rubber mounting grommets 30.
that are in the mounting slots 300 of fan housing 280. As these screws are tightenec
the fan unit 204 is pulled into compressive engagement with the foam rubbe

cushion 250 of the flexible mount 212. The rubber mounting grommets 302 com
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pump outer housing-202. At the same time, vibrations generated within fan unit
204 are damped by the foam rubber cushions 250 of flexible mount 212 and the
rubber mounting grommets 302. Accordingly, the transmission of vibrations from
fan unit 204 to lower outer housing portion 208 of the pﬁmp outer housing 202 is
miniﬁxized. The.upper outer housiné portion 210 of pump outer housing 202 may
then be installed over the fan unit 204 and air distribution unit 206 without the
physical contact therewith. | | |
- The service unit (not shown) performs all of the function of a hand
control unit 42 in addition to various diagnostic checks of the base unit 44.
rati f nit Air Pum
In operation of the base unit air pump 152, air is drawn in through
intake opemng 225z, 225b 'to helical air intake passageway 222. Fan noise being
transmitted out through a straight line air intake was a source of noise in
conventional air pumps. In contraét, the helical air intake passageway 222 acts to
minimize the transmission of fan noise therethrough.

_ The air is drawn from central chamber 223 of the helical air intake
passageway 222 through air inlet 286 and lower impeller chamber 284. The air is
pressurized and accelerated by the rotating of first stage impeller 306. Such
pressurized air is then forced through air passageway 292 to the upper impeller

chamber 288. The air is then further pressurized by the rotating second stage
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occur in two cases. The first conflict occurs if a hand
to the air distribution unit 206. The air distribution unit 206 then distributes
pressurized air to one or both of the air chambers of the air bed as determined by the
left solenoid valve 338 and right solenoid valve 340.

Cooling air is drawn in through the cooling air intake 240. The cooling
air floods the space defined between the upper outer housing portion 210 of pump
outer housing 202 and the fan unit 204. The cooling air is drawn by cooling fan 317
through the cooling air inlet 296 and into the housing 318 of the two stage fan 282,
The cooliné fan 317 forces the cooling air downward through motor 314 of the two
stage fan 282 and out through the cooling air outlet. The cooling air outlets open
into the lower impeller chamber 288. The cooling air is then pressurized by the first
stage impeller 306 and mixed with the air received from central air inlet 286. The
cooling air is then provided to the air bed via the air distribution unit 206. The
foregoing cooling air path acts tb rlni_nimize the transmission of fan vibration and
noise therethrough.

Operation of the Air Control System

The function of the air control system 40 relies on the communication
link between the base unit 44 and the hand control unit 42. Communications are
always initiated by either a hand control unit 42 or a service unit. A base unit 44
transmits only in response to messages it receives from the other units. A preamble
to the message provides a sequence during which the receiver can synchronize with

the transmitter. A preferred preamble consists of 14 zero bits followed by 2 one bits.
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Every message contains a 8-bit ID field which indicates the originator oz
addressee of the messgge, a 4 bit revision code which indicates the version of the
software and a four bit instruction. Hand control units 42 place their particular ID
into messages that they send. Al service units put the same 1D, all zeros, and
revision code, all zeros, into the messages that they send. The 8 bit ID allows for 256
different IDs for the hand control units 42 with the one reserved for service units.
The 4 bit revision code allows for 16 different software versions, and the 4 bit

instructions allow for 16 different messages. It requires about 1200 microseconds to
transmit each bit.

A base unit 44 responds to messages only from service units or from
hand units 42 that it recognizes. A base unit 44 puts the destination unit’s ID in the
response message. A base unit 44 maintains a list of hand unit IDs that it recognizes,
up to two. The list can be entered by any hand control unit 42 during the first 256
secs. after the base unit 44 is powered on. This facilitates the initialization of the list
of recognized hand control units 42, If there is a power outage or the base station is
unplugged, previously entered IDs will be remembered by the base unit 44, and
reinitialization will not be required. Also, the hand unit introduction procedure,
described below, can be used by a recognized hand control unit 40 whenever the base
unit 44 is not busy with an adjustment. The hand unit introduction procedure
completely rewrites the list of recognized hand control unit IDs.

The hand control processor 118 responds basically to the pressing bf

one or both buttons 106, 108. Referring to Fig. 19a, if the hand control processor 118
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in either air bladder 30, 32 in response to a request by another hapd
control unit 42. In either of these cases of confli ¢t 2gMAR®SE uphit 44
will notify the requesting hand control,-unit 42 that it is busy apd}cannot
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changes

step 401. If it was irr the sleep mode, the hand control unit 42 continues in the sleep
mode 402, If it was not in the sleep mode at step 401, the hand control pfocessor 118
next determines whether 10 seconds have passed without activit)" at step 408, as
depicted in Fig. 19a. The buttons 106, 108 are checked every tenth of a second. If 10
seconds have passed without activity, step 408 proceeds to step 410 where the digital
display 104 is turned off, and the hand control unit 42 enters the sleep mode to
consarve power. If 10 seconds have not passed without activity, the hand control
‘processor 118 checks at step 403 if buttons had been disabled and the disabling
condition has been removed. If there were diszbled buttons, the buttons are freed
from being disabled at step 404, and the processor continues with step 400. If at step
403, it is determined that no buttons -are disabled, the hand control processor 118
continues with step 400. |

| Referring to Fig. 19b, if the hand control processor 118 determines that
a button 106, 108 is being pressed at step 400, the hand control processor 118 initiates
the processing of the signal from the buttons 411. First, it is determined whether the
control is in its active state at step 412. If the hand control unit 42 was in sleep mode
when the button 106, 108 was pressed, it switches to wake-up mode (step 414). At
wakeup 414, the hand contro! unit 42 zeros its RAM memory, turns on thé power to
the display 104 and initializes much of the rest of the system.

After a wake-up mode is initiated at step 414, the hand control
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hand control transmitter/receiver 120 at step 418. to show a pressure measurement

sampled within the last 30 seconds. A response from base unit 44 is received and
decoded 419, and the display 104 is updated 420. Then, the hand control processor

118 sets a timer counting 422, and returns to determine ggain if a button 106, 108 is

depressed 400 when the appropriate time to check the buttons is reached. The value

from the timer can be used for the later determination of how long the button has

been dépressed‘

If at step 412 the hand control unit 42 was in an awake mode, it is
determined which buttons are depressed at sfep 424. To make this determination,
the hand control unit 42 reads the buttons 106, 108, every tenth of a second and
updates a byte that shows which buttons are pressed. The relatively slow sampling
rate provides an effective means of debouncing the buttons. After determining
which buttons are depressed at step 424, the hand control processor 118 determnines if
the buttons are disabled 426. If the buttons are disabled at step 426, the program
continues with step 400. If the buttons are not disabled, the proétam continues with
step 428. The hand control processor 118 keeps track of the buttons 106, 108 that
were pressed on the previous reading. It is then determined if the same buttons are
depressed which had been depressed at the last determination 428. If different
buttons are depressed, the buttons are disabled at step 430, and they remain disabled
until released, see step 403. The program then continues with step 400. Buttons are

also disabled when an adjustment is active (not shown).
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Fig. 20 displays the process of receiving and decodi ng ah'“é‘%g%%iNg %Eiiul'% he
base unit. A counter is set to one 480, and a nessage |s tﬁ%bﬁ? 482 to
base unit 44. After waiting 0.2 to 0.3 seconds 484, hangd ockspor
118 checks 486 if a valid response was,geceived from{he base unit. 44 |f
a valid response was I

After determining that the buftons are not disabled at step 428, it is
determined how many buttons are depressed 432. If one button is depressed at step
432, it is determined if the button has been depressed for two seconds 434. If not, the
program continues with step 400. If yes, the digital display 104 is incremented or
decremented appropriately depending on which button 106, 108 is depressed 436.
Initially, an increment or decrement is processed every 0.5 secs. that the button is
held, but after four consecutive actions the rate is accelerated to an increment or
decrement every 0.1 secs. Also, the hand control processor 118 sends a message 438
that is transmitted 439 to base unit 44 to begin an adjustment of the pressure. To
indicate that an adjustment is in progress, the digital display 104 is made fo blink
440. Then, the hand control processor 118 resets the timer counting the length of
time that the button has been depressed 442, and the program returns to step 400.

If step 432 determines that two buttons 106, 108 are depressed 444, the
hand unit processor proceeds as is depicted in Fig. 19¢. First, the status is checked
446, and the hand unit introduction procedure is initiated if it is not already in
progress. This procedure is purposely cumbersome in order to prevent accidental
modification of the list of recognized hand control units 40. Upon preséing both
buttons, the display starts to count down at step 448 from 10 to 1. Then the display
shows two hyphens (--) 450, and the hand control unit 40 sends a message 452 which
is transmitted 453 to the base unit 44. When the base unit 44 receives the iﬁessage, it
rewrites the ID list to contain only the ID of the sender hand control unit 42. Then

the base unit 44 sends an acknowledgement to the hand control unit 42. When the
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“C2"at step 458 as instructed by the base unit 44.

After the first message is received by the base unit 44, the user has one
minute to complete the hand unit introduction procedure. If the user wants the list
to contain only one ID, there are two options. First, the user can press both buttons
again,. see step 444. This situation is depicted in the second branch in Fig. 19¢ for the
case where the introduction procedure is already in progress. The hand control
process 118 sends a message 460 that is then transmitted 461 to the base unit 44 that
there is only one hand control unit 42. After the message is sent, hyphens are again
shown on the display 462, The base unit 44 ‘sends an acknowledgement that causes

the display of the hand control unit 42 to display (1C) 466. A short time later, the

" base unit 44 sends an instruction for the hand control unit 42 to resume normal

operation 468. Then, the hand control process 118 continues with step 400.

Alternatively, the user can do nothing for about one minute after “C1”
is displayed at step 458. If thé base unit 44 has not received a second message by the
end of the minute, the base unit 44 sends a message that caﬁses the hand control
unit 42 to stop displaying "C1" and to return to normal operating mode. (This
option is not depicted in the Fig. 19¢ since the hand control unit does not make the
determination.)

If the user wants the list to contain two ID's, the user can go to the
second hand control unit 42 and press both buttons step 444 within one minute

while the first hand control unit 42 displays "C1", At step 446, the processing would



processor spends nost of its time. Referring to Fig. PZE:FtHEHMBEE § &g%sor
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count down 448 from 10 t0 1. Then, the display of the second hand control unit 42
shows two hyphens {--) 450, and the hand control unit 42 sends a message 452 to the
base unit 44¢. When the base unit 44 receives this second message in the procedure,
it adds the second ID to the list. Then, the base unit 44 sends an acknowledgement
to the second hand control unit 42. When the second hand control unit 42 receives
the acknowledgement 456, the display of the second hand control unit 42 shows
"C2" 458. After a couple of seconds, the base unit 44 sends messages to both hand
control units 42, causing them to 'stop displaying “C1" or "C2" and to return to
normal operating mode. The hand unit introduction message is the only operation
that elicits two responses from a base unit 44, the acknowledgement message and

the done message.

With respect to the updating of the display buffers, the hand control
unit software maintains two display buffers of three bytes each in its RAM memory.
The sécondary buffer contains information with each byte corresponding to a display
digit 112 or half digit. Information in the primary buffer is organized according to
the segments 113, 115 of the display 104.

When a base unit 44 is initialized to accept commands from two
control units 42, conﬂicts can occur in two cases. The first conflict occuré if a hanc
control unit 42 tries to monitor an air bladder's pressure when the base unit 44 is

already adjusting the pressure in the same air bladder 30, 32. The seconc
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opportunity for conflict occurs if a hand control unit 42 tries to adjust an air
bladder's firmness when the base unit 44 is already adjusting the pressure in either
air bladder 30, 32 in response to a request by another hand control unit 42. In either
of these cases of conflict, the base unit 44 will notify the requesting hand control unit
42 that it is busy and cannot currently satisfy the request. This causes the second
hand control unit to display blinking hyphens (-).

When the second hand control unit 42, displays blinking hyphens, it
ignores depression of the increment/ décrement buttons 106, 108, i.e., the buttons are
effectively disabled as long as a pressure adjustment is occurring under the
instruction of the first hand control unit 42." The hand unit does check for changes
in the two position switch 110. When the position of the two position switch 110 is
changed, the hand control unit 42 notifies the base unit 44, and the base unit 44
transmits the pressure of the newly selected air bladder 30, 32 to the hand control
unit 42 while not terminating the active adjustment of the other air bladder 30, 32 as
instructed by the other hand control unit 42.

The digital display 104 will display various error codes in response to
various communication difficulties with base unit 44 and if the motor 152 is too hot
to make an adjustment.

Fig. 20 displays the process of receiving and decoding a message from
the base unit. A counter is set to one 480, and a message is transmitted 482 to base
unit 44. After waiting 0.2 to 0.3 seconds 484, hand control processor 118 checks 486 if

a valid response was received from the base unit 44. 'If a valid response was

t
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counter is checked t¢ determine if 7 attempts at transmission have been made 492.
If 7 attempts have been made, an error message is sent to the digital display 104 and
the program returns to step 400. If 7 attempts had not heen made at step 488, the
counter is incremented by one 4§6, and the hand control process 114 returns to step
482 to continue with the transmission loop.

The software for the base 'p'rocessor 162 has a main loop in which the
processor spends most of its time. Referring to Fig. 21, the base processor 162
updates various timers if a second has elapsed since the last update 602, checks if a
message has been received but not yet processed 604 and checks if a time dependent
action needs to be formed 606. The base unit 44 responds only when instructed by a
haﬁd control unit 42 except for monitoring the pressure which occurs every 30
seconds if no other activity is taking place. The base unit 44 sends a response for
every message received from a recognized hand control unit 42.

In order to reduce the chance of a base unit 44 taking an undesirable
action because of an erroneously received message, the base unit 44 only .;mcepts a
message from a hand control unit 42 within 256 secs. of power up of the base unit 44
or within 256 secs. of the receipt of a previous acceptable message from the hand
control unit 42, unless the mess#ge received is just requesting the current status.
Similarly, base unit 44 only accepts messages from a service unit within five

minutes of power up or within five minutes of receipt of a previous acceptable
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can follow when a process action is required at step @@’LAC%ME@? %LE@GS

t he base processor 162 determnes that an action is rgquitTeéd 618, the
processor proceeds to determ ne which ggction is requiried (%wmggtﬂme)
hand unit introduction in progress 620—pressure needs} tjo be read 622,
adj ustnment in progress 624, adjustnent request is pendi 626—A-hand-
i ntroduction procedure can be initiated by a recogni zedi hand contr ol
42 whenevemdshagdfrom tid serditeiuminostaach hyjte lis aeceisdidish
can be initiated by any hand control unit 42 during the first 256 secs.

after the pesption buffer.

At step 604, the processor determines if a message has been received 608

and is waiting for processing, see Fig. 22. If there is a message to be processed, the

* message is decoded 610. If the current pressure was requested 612, the pressure last

| measured is transmitted 614 to the hand control unit 42. If the message initiated a

inflation/deflation request or the hand unit introduction procedure, the processor is

notified 616 that an activity is requested, and the program returns to the main loop
604. |

Fig. 23 depicts the various paths the base processor 162 can follow when

a process action is required at step 606. If at step 606, the base processor 162

determines that an action is required 618, the processor proceeds to determine which

2

action is required (see Fig. 19a): hand unit introduction in progress 620, pressure

needs to be read 622, adjustment in progress 624, adjustment request is pending 626,
A hand unit introduction procedure can be initiated by a recognized hand control
unit 42 whenever the base unit 44 is not busy with an adjustment. The procedure
can be initiated by any hand control unit 42 .during the first 256 secs. after the base
unit 44 is powered on.
Referring to Fig. 23b, when the base unit 44 receives the first hand unit
introduction message, the base processor 162 rewrites the ID list 628 to contain only
thé ID of the sender hand control unit 42. Then, the base unit .44 sends an

acknowledgement 630 that is transmitted 631 to the hand unit 42. The base
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unit 44 is powered on. Referring to Fig. 23ph, . when the base

unit 44 receives the first hand unit introduction rressag@_?wh*g‘ﬁ,aﬁgf 5 IT;?
processor 162 rewites the ID Ilist 628 to contain only t he Fb-ef

hand control unit 42. Then, the base t 44 sends an ackno%%dﬁgﬁe@b76 0
that is transmitted 631 to the hand u 42. The base

processor 162 sets a timer 632. The base processor 162 monitors the timer for one
minute to determine 634 if a second hand unit introduction message is received. If
no other messages are received within this minute, the base processor 162 concludes
that there is only one hand control unit 42, sends a message 636 to return to normal
operation that is transmitted 637 to the hand control unit 42, and the base processor
162 ends the hand unit introduction procedure and returns to the main loop €06.

When the base unit 44 receives a second hand unit introduction
message within one minute of the first, the base processor 162 determines 638 if the
ID is the same as the first ID received. 1If the second ID is different, the base
processor 162 adds ﬂue second ID to the list of IDs 640. Then, the base unit 44 sends a
message 642 that is transmitted 643 to the second hand control unit 42. If the second
message originated from the same hand control unit 42 as the first message, the base
unit sends a2 message 644 that is transmitted 645 to the hand control unit 42
acknowledging that there is. only one hand control unit 42. In either case,.after a
couple of seconds, the base unit sends a message 646 that is transmitted 647 to the
one or to both units to return to normal operation.

The pressure is read every 30 seconds if no adjustment is taking place.
As described below, the pressure is also read every 3 seconds during an active
adjustment. Note that during an active adjustment, the hand control unit 42 sends
a request for the pressure every 10 secs. while continuing to display the flashing
target pressure. At each request, the base unit 44 transmits to the hand control unit

42 the last pressure read as in step 612. Referring to Fig. 23c, to read the pressure, the
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processor 162 sets a tinmer 632. The base processor 162 rmn@qr's {itle:
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to the hand control unit.42, and the base processor .162 ehds the hand unit
i ntroduction procedure and returns to the main | oop 606. Wren—
the base unit 44 receives a second hand unit introduction

base processor 162 first closes 648 the valves 338, 340 if necessary. Three seconds are
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allowed to pass 650 to let the pressure in the air bladders 30, 32 to stabilize. The base
pi-ocessor 162 then initlates the analog-to-digital (A/D) conversion 652 of the oﬁtput '

~ of the pressure sensors 156, 158. Then, the base processor 162 waits 0.1-0.2 second 654
before calculating the pressure 656 from the digitized reading. The pressure is
obtained from the following formula:

Pressure = Gain * (Reading - Offset)
where the Gain and the Offset are determined when the unit is calibrated during
manufacture or service, The values for Gain and Offset are stored in the base
processor’s memory. The calculated pressure is stored as a 24 bit number with a
maximum resolution of 0.005 psi.

The actual number displayed by the hand control unit 42 can have
various relationships to the pressure. It can be an actual expression of the pressure
in appropriate units, or it can be a value scaled to some arbitrary and convenlent
units. This scaling can be linear or non linear. A preferred relationship between the

displayed value and the pressure is

Hand Controller Value Pressure Value (psig)
00 ' <0.16
05 0.16
10 | 0.18
15 0.20
20 0.22
25 0.24
30 0.26
35 0.28
40 0.30

45 0.32 .
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65 0.40 et

70 0.42

75 0.44

80 047

85 0.50

90 0.55

95 0.60

100 0.65

Alternatively, a linear relationship can be used between the displayed value and the

‘pressure with zero pressure corresponding to a zero display and a maximum

pressure of 0.65 psig corresponding to a displayed value of 100.

Referring to Fig. 234, if an adjustment is in progress, the base processor

162 examines whether the estimated inflation/deflation period has ended 658. If it

has not, the program checks to see if 3 secé. have passed since the pressure has been
measured. If 3 secs. have passed, the processor measures the pressure 660, as
described above. The current pressure is compared with the requested pressure 662.
If the calculated pressure is within 0.01 ps.i- of thé"requested (target) pr'essure,lthe base
processor 162 returns to the main loop 606 since no more adjustment will be

undertaken. If the pressure is not within 0.01 psi of the requested pressure, the base

- processor 162 resets a timer to count 3 secs. and returns to the main loop at step 606,

As an alternative to checking the pressure every 3 secs. during an active adjustment,
the back pressure can be monitored with the Valve 338, 340 open. This back pressure
can be correlated by the manufacturer to correspond to a particular bladder 30, 32

pressure with the valve 338, 340 closed. Then, the pressure could be checked with



The pressure is read every 30 seconds if no adjustnent is t ﬁg P-—
descri bed bel ow, the pressure is also read every 3 seconds 1 ér

adj ustnment. Note that during an active adjustnent, the handlcantr ol Lgl 6
sends a request for the pressure every 10 secs. while contijnyi rQJOt 199
di splay the flashi.ng- target pressure-—ﬂt ‘each request, the |base unit 44 :
transmts to the hand control unit 42 the last pressure re SNL step , }
612. Referring to Fig. 23c, to read the pressure, the

the valve 338, 340 closed after the termination of the adjustment process to check
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the final value of the adjustment.

If the estimated inflation/deflation period has ended at step 658, the
cutrent pressure is caleulated af step 662 by the procedure described above. Next, itis
determined if further adjustment is necessary 663. If no further adjustment is
necessary, the base processor 162 returns to the main loop 606. If it is determined
that further adjustment is necessary at step 663, the base processor 162 sets a new
adjustment request pending 664, and notes that the previous adjustment overshot
665 before proceeding with the main loop 606.

If the adjustment inflates too much and then deflates too much (or
vice versa) three times in a row, the base unit terminates the adjustment, even if
the current pressure is not within 0.01 psi of the requested pressure, Also, if the base
reads an identical pressure of at least 0.35 psi while inflating a chamber, the base
processor 162 determines that a “stall” condition exists and terminates the
adjustment.

To reduce the chance that the motor 152 will overheat, the program for
the base processor 162 implements a thermal model of the motor 152. The model
assumes the following relationship of the temperature sbove ambient temperature
with time:

T = Tagympt + C e,
Tasympt is dependent on the motor speed. K has a value of 0.002 when the motor is

off and a value of 0.006 when the motor is on. For small steps in time, this equation
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- 36 - base processor 162 first closes 648 the valves 338, 340 if
necessary. Three seconds are allowed to pass 650 to let the pressure in
the air bladders 30, 32 to stabilize. The base processor l62-t-hen o
initiates the analog-to-digital (A/D) _conversion 652 of tthﬁBLﬁﬁﬂhﬁﬁﬂfSHgﬁ;
pressure sensors 156, 158. Then, thé& B4sé& processor 162 wailt 501072

second 654 before calculating the pressure 656 fromthe dilgiit izaqﬁm@qqt)mg.
The pressure is obtained fromthe follow ng fornul a: :

leads to the following difference equation:

Tn+1) =T(n) + k * At * (Tagympt - T(R)),
showing the relationship between the temperature at time n, T(n), and the
temperature at time n+l, T(n+1). When the motor 152 is off, the program uses a
value of At=15 sec. When the motor 152 is on, At=21 sec.

If the program’s thermal model estimates that the temperature exceeds
170 degrees above ambient temperature, the base processor 162 sets a flag in RAM,
turns the motor on at low speed to facllitate cooling and refuses to begin another
adjustment until the estimated (model) temperature drops below 120 degrees above
ambient temperature. The valve 338, 340 will be closed during the cooling process
unless the base processor 162 determines that a useful adjustment can be made with
the valve 338, 340 opeﬁ at the motor speed during cooling. When the temperature
drops below 120 degrees , the program clears the flag and again accepts adjustment
requests. If the flag is set whén the base unit 44 is powered on, the base unit software
initializes the temperature to 170 degrees above ambient, turns the motor on low
speed to facilitate cooling and refuses to begin an adjustment until the estimated
temperature drops below 120 degrees.

Referring to Fig. 23¢, when the base processor 162 determines that an
adjustment request is pending, first the currént pressure is calculated at step 666, as
described above. The current pi'essure is compared with the requested pr.essure 668.
If the current pressure is within 0.01 psi of the requested pressure, no adjustment is

necessary 670, and the program continues in the main loop 606. If the difference is
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unit 42 can have various relationships to the pressure. It}c L
expression of the pressure -in appropriate units, or
val ue scaled tg so arhitrary:and convenjen

1% 18 ke her |

act ual

it can be_ g

greater than p srmined whether inflation or deflation is necessary at
step 672.

If it is determined that inflation is necessary, the base processor 162
determines the appropriate motor speed 674. When inflating from pressurés below
0.40 psig, the motor is run at medium speed. When inflating from greater
pressures, the motor is run at high speed. The base processor 162 next calculates an
estimate of the required time at~stép 676 up to a maximum of 256 secs. Also at this
step, the numl;er is stored in an 8-bit. countet. |

Then, the motorized pump 152 is started at step 678. Whenever the
program turns §n the motor for an adjustment, the motor is started at low speed
with stepwise increases in the speed every two seconds until the required speed is
reached. The motor is run at a total of five speeds. Low, medium and l-ugh are
primary speeds, i.e.. they are used as final target speeds. Low-medium and medium-
high are used only to make the transitions between primary speeds more gradual
and therefore, less audibly annoying. When the motor reaches the appropriate
speed, the appropriate solenoid valve 338, 340 corresponding to the correct chamber
is opened 680. With the adjustmént in progress, the program returns to i’he main
loop 606.

If it is determined that deflation is necessary, the motor speed is
determined at step 682, ‘When deflating from pressures below 0.40 psig, the motor is

off. When deflating from greater pressures, the motor is run at low speed. Then,

the base processor 162 calculates ari estimate of the amount of time 684 required for



o
units. This scaling can be linear or non linear. A preferred relationship

between the displayed. value and the pressure is Hand
Control | er Val ue Pressure Val ue (psig) 00
<0. 16 ‘ 05 - a1 - 0. 16

10 _ 0.18 —— 15 -

0. 20 20 0.22

25 _ 0.24 30

0. 26 35 _ 0.28

61032 - the adjustment up t& a3Raximum of 256 secs. The motor ié8tarted if necessary at

step 686. When the motor reaches the appropriate speed, the appropriate solenoid
valve 338, 340 corresponding to thg correct chamber is opened at step 688. With the
adjustment in progress, the program returns to the m'ain loap 606.

When the base unit 44 is inflating an air chamber 30, 32, it reads the
pressure about half a second after the valve is opened to measure the back pressure.
Waiting 2 half second is necessary to obtain a stable back pressure reading. If the
base processor 162 calculates a préssure of less than 0.15 psi, it determines that the

base unit 44 is not connected to an air bladder 30, 32 and terminates the adjustment.
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1. | An improved control system for controlling the firmness of a fluid
supported mattress adapted for use with a bed assembly, the mattress havi.ng a
plurality of separate fluid chambers, the control system having a fluid pump
operably coupled to said air supported mattress and being in fluid communication
therewith and having an external housing substantially enclosing a fan unit, having
control means operably coupled to said fluid pump and said fluid conduit for
controlling the operation of said pump to adjust the firmness of said mattress,
having a hand held, remotely operated actuation means for actuating said control
means; and hairing transceiver means for communicating information signals
between said actuation means and said control means, whereby said firmness of said
mattress can be remotely adjusted through the use of said hand held actuation
means, the improvement compr—fsing: |
the fluid pump having a plurality of selectable fluid outlets, each
one of said plurality of fluid outlets being in fluid comﬁunication with
a selected one of the plurality of separate fluid chambers of the

mattress.

2. A control system as claimed in claim 5, wherein the fan unit is
mounted in the housing by means of vibration dampening mounts, the fan unit
vibration dampening mounts including a plurality of mounting grommets, the

mounting grommets being held in compressive engagement between the fan unit

and a portion of the pump housing. - /;;;;;/
Vi
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0.50 90 055
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0.65 Alternatively, a linear relationship can be used b
di spl ayed val ummuwnmﬂlﬁmure with zero pressure corr
zero display essure of 0. 65 psig corres
di spl ayed val ué of 100." B erring to Fig., 2
adjustnment is in progress, the base processor 162 exam

estimated inflation/deflation period has ended 658. If it
program checks to see if 3 sees. have passed since the pr

3. A control system as claimed in claim 6, wherein the mounting

ACEMENT SHEET
59 i o7 n
s whet her t he. J
has not, the

gromumets are formed of a rubbér material.
4. A control system as claimed in claim 5, wherein the fan unit has a fan

unit housing substantially enclosing a fan, the fan unit housing defining a first
impellef chamber and a second imééller chamber, the first impeller chamber and
the second impeller chamber being fluidly coupled by a fluid passageway.

5. "A control system as claimed in claim 5, wherein the fan unit has a fan,
the fan being two stage and adapted for compressing a fluid, the fan having a first
impeller and a second impeller, the second impeller being disposed such that the

exhaust fluid from the first impeller is an intake fluid to the second impeller.

6. A control system as claimed in claim 8, wherein the fan has a first
impeller being rotatably disposed within the first impeller chamber and a second

impeller being rotatably disposed within the second impeller chamber.

7. A control system as claimed in claim 10, wherein the fan is mounted

~ spaced apart from fan unit housing by means of vibration dampening mounts.

8. A control systém as claimed in claim 11, wherein the vibration

dampening mounts are a plurality of O-rings held in compressive engagement

between the fan and the fan unit housing.
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measured. |If 3 secs. have passed, the processor neasures the pressure 660, _
as described above. The current pressure is conpared with
REH fm’ .53, T gi ;;_?5:’5_':.' ‘

pressure 662. |f the cal cul pressure is within 0.01 psi

requested (t pressure, the base processor 162 retur O bRrerEt
| oop 606 si nc mmﬁnt wi |l be undertaken. If the S

not within 0. m m“ﬂm‘\ ested pressure, the base pr eséaﬂggg‘?ﬁ
resets a timer %0 cownt *3 Secs. and-rquur.ns to the main | oo {_sten. 606, -
As an alternative to checking the pressure every 3 secs. dufing an actlve

adj ustnent, the back pressure can be nonitored with the va R
open. Thigs back prasedtiteol system as claimed in claim 8, wherein the fan has a fan

Q

motor and a fan body, the fan body having a motor enclosure defined therein, the
motor enclosure substantially enclosing the fan motor and having at least one
cooling air inlet and at least one exhaust port defined therein, the at least one
exhaust port being fluidly coﬁpled to a selected impeller chamber, the fan motor
having an axial rotatable drive shaft and a cooling impeller fixedly coupled to the
drive shaft, whereby rotation of the cooling impeller draws. air in through the at
least one cosling air inlet, forcing said air through the motor enclosure around the
fan motor and exhausting said air through the at least one exhaust port into the

selected one of the impeller chambers.

10. A control system as claimed in claim 5, wherein the external housing
of the fluid pump is comprised of a first portion operably coupled to a second
portion and having a flexible mount disposed therebetween, the second portion

being spaced apart from the fan unit.

11. - A control system as claimed in claim 14, wherein the first portion of
the external housing of the fluid pump has a first portion of a helical fluid intake

passageway defined therein.
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can be correlated by the manufacturer to correspond to a particular bl adder

30, 32 pressure wth the valve 338, 340 cl osed. Then, the % g RIQUERT
be checked with Hmiﬁf Sﬂh

R E st |

45 -

—

12. A control system as claimed in claim 15, wherein a portion of the
flexible mount is operably coupled to the first portion of the helical fluid intake

passageway to define a second portion.of the helical fluld intake passageway.

13. A control system as claimed in claim- 14, wherein the flexible mount
has a cushion operably coupled thereto, said cushion being in compressive

engagement with the fan unit'disposed within the external housing of the fluid

pump. .

-14. A control system as claimed in claim 5, wherein the control means
includes a display for selectively displaying information regarding the firmness of
the mattress, further including said information presenting a numeric scale, the
numeric scale being selectable between a display related to the fluid pressuré in the
fluid supPorted mattress and a display related to the desired fluid pressure in the

fluid supported mattress,

15.- | A control system as claimed in claim 18, wherein the numeric scale
displayed on the display has a non-linear relationship to the fluid pressure in the

' fluid supported mattress.

_—
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=If the estinmated inflation/deflation period has ended at step 658, the
current pressure is calculated at step 662 by the procedure. e ]
above. Next, if further adjustnment is n ‘

no further ;a ' sary, t he base processor 16
mai n | oop 60 | w gi ned that further adjustnen
step 663, the 62 sets a new adjustnent request

664, and notes that t he preV| ous adj 4wt rent overshot 665 '

with the main | oop 606. — 11 the adjustnent infljates too rruch

and then defl ates too.nmuch (or
16. . control system as claimed in claim 19, wherein the numeric scale

represents an incremental fluid pressure range from zero (0 2 predetermined upper
limit, the higher increments of the numeric scale relating to greater increments of

fluid pressure change than the lower increments of the numeric scale.

17. A control system as claimed in claim 18, wherein the numeric scale
displayed on the display has a linear relationship to the fluid pressure in the fluid

supporte_d mattress.

18. A control system as claimed in claim 21, wherein the numeric scale
represents a fluid pressure range from zero to sixty five one hundredths of a pound

per square inch gage.

19. A control system as claimed in claim 5, wherein the conirol means
includes overheat pratective means for protecting the fluid pump from

overheating.

20. A control system as claimed in claim 23, wherein the overheat

protective means includes means for predicting future fluid pump temperature ._

based on present fluid pump parameters.
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even if the c ot within 0.01 psi of

pressure. Al so, reads an identical pressurelo
psi while |nflat E l" h? base processor 162 ddt
"stall" conditi nates the adjustnent.

reduce the chance that the notor 152 w |l overheat, the
base processor 162 inplenments a therd®l -nodel of the noto
assumes the follow ng relationship of the t enper at ure above arrbl ent

temperature LY PN system as claimed in claim 24, wherein the overheat

protective means is proactive, taking steps to cool the fluid pump based on a

predicted future overheat condition.

22. A control system as claimed in claim 25, wherein the overheat
protective means acts to disable adjustment of the firmness of the fluid supported

mattress and to operate the fluid at a reduced speed for effecting coaling thereof.l

23. A method of controlling tl'te firmness of a fluid supported mattress
adapted for use with a bed assembly by means of 2 control system, the control system
having:
a fluid pump operably coupled to said air supported mattress and
being in fluid communication therewith and having a motor for
selectively inflating and deftating the mattress and a value for
selectively sealing the mattress;
control means operably coupled to said fluid pump and said
fluid conduit for controlling the operation of said pump to adjust the
firmness of said mattress; |
a hand held, remotely operated actuation means for actuating

said control means; and

-_
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T= T[err] + G-ef—kt)}— Tlerr] is dependent on the notor speed. k has a
val ue of 0. notor i s and a val ue of 0.006 when the notor

wﬂﬂﬁﬂ#ﬂﬁlllﬁllfllﬂm

transceiver means for communicating information signals-
between said actuation means and said control means, comprising the
steps of:

(a) selecting a numeric valve representative of a

selected target fluid pressure in the flujd supporte&

mattress;

(b) transmitting the selected numeric value to the 2 0 MAR 1997

control means;

(c) measuring the current fluid pressure in the fluid
supported mattress;

(d) determining the need for adjustment of the
fluid pressure in the fluid supported mattress by
comparing the selected target fluid pressure to the current
fluid pressure in the fluid supported mattress;

(e) activating the fluid pump as necessary to adjust
the fluid pressure in the fluid supported mattress;

(f) opening the valve; and

(g) providing feedback to the actuation means
represent#tive of the status of the adjustment of the fluid

pressure in the fluid supported mattress.
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| eads to the follow ng difference equation: [err] show ng t he

rel ati onship between the tenperature at tine n, T(n), and the tenperature
at tinme n+l, T(n+l). Wien the notor 152 is off, the programuses a value
of [err]t=15 sec. Wien the notor 152 is on, [err]t=21 sec. | f
the prograns mum “mtl mat es that the tenperature exceeds 170
degrees above- ‘mn m t he base processor 162 sets a flag in
RAM turns the* ndtot of at |ow speed490 facilitate cooling and refuses to

begi n another adjustment until the éStTrmated (nodel) tenperature drops
bel ow 120 degrees above

24, The method of claim 27, further including the steps of:

(2) determining the need for an adjusting of the
fluid pressure in the fluid supported mattress by inflation
thereof;

(b) calculating the necessary motor speed;

(¢) calculating the time necessary to effect the e

REPL ACM@;_
- selected inflation of the fluid supported mattress; and _ §
] . 20 MAR 1997 |
. (d) activating the fluid pump. _ A
25. The method of claim 27, further including the steps of:

(2) determining the need for an adjustment of the
fluid pressure in the fluid supported mattress by deflation
thereof; .

(b) calculating the necessary motor speed;

(c) calculating the time necessary to effect the
selected deflation of the fluid supported mattress; and
(d) activating the fluid pump if the calculated

necessary motor speed was greater than zero.

26. The method of claim 27, further including the steps of:

b3

imiiii



anbi ent tenperature. The valve 338, 340 wll| be closed during the cooling

process unless the base processor 162 determ nes that a useful adjustnent

can be nad€ 8, 340 open at the notor speed during

cool i ng. V\h rature drops bel ow 120 degrees, the programclears

the flag an mgm,ﬂim JUSt ment requests. If the flag is set when

t he base uni t* n, the base unit software initializes the

tenperature to 170 degrees “above arbisent-, turns the notor on low speed to

facilitate cooling and refuses to begimr an adjustnent until the [%ﬁp fENT SH\:
i%..-r...h.‘

tenperature drops bel ow 120 degrees
(a) comparing the difference between the selected

2 0 MAR 1997

target fluid pressure and the current fluid pressure to a

known pressure differential; and
(b) making no adjustment in the fluid pressure of
the fluid when the pressure differential is, less than the

known pressure differential.

27. | A fan unit for controlling the firmness of a fluid supported mattress
adapted for ﬁse with a bed asSernbly, the fan unit comprising:
a fan; and
a fan unit housing substantially enclosing the fan, the fan unit
housing defining a first impeller chamber and a second impeller
chamber, the first impeller chamber and the second impeller chamber

being fluidly coupled by an enclosed ﬂuid passageway.

28. . A fan unit for controlling the firmness of a fluid supported mattress as
claimed in claim 31 wherein the first impeller chamber and the second impeller
chamber are formed integral with the enclosed fluid passageway.

29. A fan unit for controlling the firmness of a fluid supported mattress as
claimed in claim 32 wherein the first impeller chamber and the second impeller

[}
.
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Referring to Fig. 23e, when the base processor 162 determ nes that._an

adj ust nent request is pending, first the current pr] FEhgnyel guidgtied at
step 666, m The current pressure m‘ﬁ F&"L"‘f'*'éi'tthe
request ed p If the current pressure is within 0. Oegg of the
request ed pr Imﬁm"ﬂg rrent is necessary 670 an@ 0 N& g
continues in# If the difference i$

- 40- - 51 -

- -

\4

chamber are each formed in a generally circular shape having an origin and are

spaced apart with the fan disposed therebetween.

30. A fan unit for controlling the firmness of a fluid supported mattress as
claimed in claim 33 wherein the fan has a central rotatable shaft, the origins of the
generally circular shape of the first impeller chamber and the second impeller

chamber being located on an axial-extension of the fan rotatable shaft.

31. A fan unit for controllihg the firmness of a fluid supported mattress as
claimed in claim 31 wherein the fan has two stages and is adapted for compressing a
fluid, the fan having a first impeller comprising a first stage and a second impeller
cbmprising a second stage, the second impeller being disposed such the fluid

exhaust from the first inﬁpeller is an intake fluid to the second impeller.

32. A fan unit for controlling the firmness of a fluid supported mattress as
claimed in claim 35, wherein the fan has a first impeller being rotatably disposed
within the first impeller chamber and a second impeller being rotatably disposed

~within the second impeller chamber.
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greater than 0.01 psi, it is determ ned whether inflation or deflation is
necessary at step 672. If it is determned that inflation IS

necessary, W@e&eﬁ& determ nes the appropri s ansleT iy
674. \Wen i ating from ures below 0.40 psig, the gﬁ} mﬁ‘ﬁ ? -xﬁ;ET
medi um speed “\m “rom greater pressures, the for is ru& 7t

hi gh speed. T a h&9

162 next cal cul ates an est rratQQ) MAR
required time at step 676 up to a mexi ¥Rt of 256 secs. Alsp at this

33. A fan unit for controlling the firmness of a fluid supported mattress as
claimed in claim 36, wherein the fan is mounted spaced apart from far unit housing

by means of vibration dampening mounts.

34. A fan unit for controlling the firmness of a fluid supported mattress as
claimed in claim 37, wherein the vibration dampening mounts are a plurality of O-

rings held in compressive engagement between the fan and the fan unit housing.

35. A fan unit for controlling the firmness of a fluid supported mattress as
claimed in ¢laim 31, wherein the fan has a fan motor and a fan body, the fan body
having a motor enclosure defined therein, the motor enclosure substantiaily
enclosing the fan motor and having at least one cooling air inlet and at least one
e_xhaﬁst port defined therein, the at least one exhaust port being ﬂui.dl}'r coﬁpled toa
selected impeller chamber, the fan motor having an axial rotatable drive shaft and 2
cooling impeller fixedly coupI_ed to the drive shaft, whereby 'rotatioﬁ of the cooling
impeller draws air-in.through the at least one cooling air inlet, forcing said air
through the motor enclosure around the fan motor and exhausting said air through

the at least one exhaust port into the selected one of the impeller chambers.

e
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step, the nunber is stored in an 8-bit counter. Then, the
notorized punp 152 is started at step 678. \Wienever the programturns on
the notor for an adjustnment, the notor is started at |ow speed wth

stepwi se increases in the speed every two seconds until the required speed
is reached. The motor is run at a tot2®d of five speeds. Low, medium and
high are primary speeds, i.e. they are used as final taret speeds.

Low medi um and nedi unfMPROVED oA ER (CONTROT STHEM KEOR WAN t ABRSBED ons. bet ween
primary speeds nore gradual and therefore, |ess audibly annoy| ng. Wen the
notor reaches the appropriate speed, the appropriate solenoid val ve 338,
340 corresponding to the correct chagBeTRACT

An automatic control system for controlling the firmness of a fluid
supported mattress of a bed ass;mbly. The control system inclu&es a motorized
fluid pump, a control unit for operating the pump to adjust the firmness of the air
mattréss, a hand held remote control unit for actuating the control unit, and a
fransceiver system for transmitting information signals between the hand held unit
and the control unit. The air control system provides for indepen&ent control of
both bladders in a two bladder air mattress from a single unit, and allows a-user to
consistently set the firmness of eac}'I mattress air bladder t0 a desired value. The air
control system includes an air pump specially designed to minimize transmission of

motor noise into the environment.

Fig 1
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I's opened 680. Wth the adjustnment in progress, the programreturns to the
main | oop 606. If it is determned that deflation is
necessary, the notor speed is deternined at step 682. Wen deflating from
pressures below 0.40 psig, the notor is off. Wen deflating from greater
pressures, the notor is run at |ow speed. Then, the base processor 162

cal cul ates an estimte of the anount ofltime 684 required for
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41  the adjustnment up to a nmaxi mum of 256 secs. The notor is started if
necessary at step 686. Wien the notor reaches the appropriate speed, the
appropriate solenoid valve 338, 340 corresponding to the correct chanber
is opened at step 688. Wth the adjustment in progress, the program
returns to the nmain | oop 606. When the base unit 44 is
inflating an air chanber 30, 32, it reafls™t he pressure about half a second
after the valve is opened to neasure the back pressure.

Fig. 3
H4) /“2
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Waiting a half second is necessary to obtain a stable back pressure
reading. If the base processor 162 calculates a pressure of |less than 0.15

psi, it determnes that the base unit 44 is not connected to an air

bl adder 30, 32 and term nates the adjustnent.

42 WE CLAIM 1. A control systemfor_controlling the firmess of a fluid
supported mattress adapted -3 -

IGQ)
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for use with a bed assenbly, conpri sing: a fluid punp:
fluid conduit operably coupling said fluid punp to said fluid supported

mattress in fluid comuni cation therewth; control neans
operably coupled to said fluid punp and said fluid conduit for
controlling the operation of said punp,to adjust the firmess of said

mat t r ess; a hand hel d, .énntely operated actuati on neans for
actuating said control means; and transcei ver neans
for conmmunicating information signals between said actuation neans
and said control neans, whereby said firmess of said nmattress can

be renotel y adj usted through the use of said hand held actuation neans.
The control systemof claiml1l, wherein said transceiver neans

operates within th rti gy mel ect r omagid+c gP8ct rum
Figh 16° 337q (5 337b
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3. The control systemof claim1, wherein said control neans further
conpri ses neans for receiving and di splaying information regarding said
firmess of said mattress. 4. The control systemof claim1l wherein
said mattress includes two separate, fluid isolated chanbers, said contro
means including nmeans for adjusting said firmess of each of said chanbers
I ndependently of the firmess of the other of said chanbers.

43 5. An inproved control systemfor controlling the firmess of a fluid
supported
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mattress adapted for use with a bed assenbly, the mattress having a
plurality of separate fluid chanbers, the control systemhaving a fluid
punp operably coupled to said fluid supported mattress, the fluid punp
being in fluid comunication therewith and having an external fluid punp
housi ng substantially enclosing a fan upnit, having control means operably
coupled to said fluid punp and a fluid-tonduit for controlling the
operation of said fluid punp to adjust the firmess of said mattress,
having a hand hel d, renotely operated actuati on neans for actuating said
control neans; and having transcei ver neans for communi cating information
signal s between said actuati ‘ﬁeans angléggddp troI means, whereby said
| U th

firmess of said mattress js ter a rough t he use of said hand
hel d actuati on neans, theQQ%a RIi S3 310 312he fluid
punp having a pl it sai d
plurality of flurd® oupFets béing in fluid/co lcgtionAMth a selected one
of the plurality of pa F 0. A control
systemas clained inffla ' ' = )
external fluid us ' ' g nour the fan
unit vibration d ng it mﬂBng aponnets
being held in conpregbi véit en t Y a a portion of
t he punpi ng houd7n8g- Ut—324
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7. A control systemas clainmed in claim®6, wherein the nounting gromets
are fornmed of a rubber material. 8. A control systemas clained in claim
5, wherein the fan unit has a fan unit housing substantially enclosing a
fan, the fan unit housing defining a first inpeller chanber and a second
|npeller chanber, the first inpeller chanber and the second inpeller
chanber bei ng fIU|dIy coupl ed by a fIruld - passageway.

44 9. A control systemas claimed in claim5, wherein the fan unit has a
fan, the fan being two stage and adapted for conpressing a fluid, the fan
having a first inpeller and

Fig. 16a

Fig. 16b
/] 0 o
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a second inpeller, the second inpeller being disposed such that the exhaust
fluid fromthe first inpeller is an intake fluid to the second inpeller.

10. A control systemas clained in claim8, wherein the fan has a first

i mpel l er being rotatably disposed within the first inpeller chanber and a
second inpeller being rotatably disFo ed within the second inpeller

chanber. 11. A control systemas c din claim10, wherein the fan is
nount ed spaced apart from fan unit housing by neans of vibration danmpeni ng
mounts. 12. - A control systemas clained in claim1l, wherein the vibration
danpeni ng mounts are a plurality of Orings held in conpressive engagenent
between the fan and fan unit housing. 13. A control systemas clained in
claim8, wherein the fan has a fan notor and a fan body, the fan body
havi ng a notor encl osure ined therein, the notor enclosure substantially
encl osing the fan not gy and havi ng Eige?ﬁgéme cooling air inlet and at

| east one exhaust po ded4ded therei'®* at | east one exhaust port being
fluidly coupled to gfel ected inpeller chanber.otode fan notor having an .
axial rotatalhle drjf¢ shaft and a cooling iuﬁETler fixedly coupled t,0 the

drive shaft, [§ A cool i Mg | | A-er—draws— ks rzZnr ough
N et, w;{id dir th s,

the at | east
N
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t he motor enclosure around the fan notor and exhausting said air through
the at | east one exhaust port into the selected one of the inpeller
chanbers. 14. A control systemas clainmed in claim5, wherein the externa
fluid punp housing is conprised of a first portion operably coupled to a
second portion and having a flexible munt disposed therebetween, the
second portion being spaced apart fromtte fan unit.

45 15. A control systemas clainmed in claim14, wherein the first portion
of the external housing of the fluid punp has a first portion of a helical

fluid intake paFig?V\_/lsaefi ned tre| n

- Fig, 18¢c
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16. A control systemas clained in claim15, wherein a portion of the
flexi ble mount is operable coupled to the first portion of the helical
fluid intake passageway to defined a second portion of the helical fluid

i nt ake passageway. 17. A control systemas clainmed in claim 14, wherein
the flexible mount has a cushi on operably coupled thereto, said cushion
being in conpressive engagenent withH i Ffan unit di sposed within the
external fluid punp housing. 18. A control systemas clained in claimb5,
wherein the control means includes a display for selectively displaying
information regarding the firmess of the mattress, further including said
informati on presenting a nuneric scale, the nuneric scal e being selectable

between a display related to the fIq%@égrqtgﬁﬁe in the fluid supported
mattress and a display related to tHh i fluid pressure in the fluid

supported mattress. 19. A control systemas clainmed in claim18, wherein
the numeric saeg g di spkayed on the display hagqf non-linear relationship to
the fluid pressurg jn the uid supported ngttress. 20. A control system

as clainmed in cl grm 19 Hhere
fluid pressure Range B d@Ner g
increnents of the NTHFFIYER

pressure change

irkg nuner) cal e represents an increnental
PO a prege i ned upper limt, the higher
ale relating to greater increnments of fluid
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than the | ower

i ncrenents of the nuneric scal e.

21. A control system as

clainmed in claim118, wherein the nuneric scale displayed on the display has
a linear relationship to fluid pressure in the fluid supported nmattress.

22. A control

systema clainmed in claim21l, wherein the nuneric scale

represents a fluid pressure range fromzero to sixty five one hundredths of
23.

a pound per square inch gage.
s incl
L .

m over heat i nd

wherein the cofifm!
the fluid punp f

‘A_l__é_oth rol systemas clained in claimb5,
over heat protective nmeans for protecting
A control systemas clained in claim

23, wherein the overhe % prot ect §ve neans i ncludes neans for predicting
future fluid punp tenp 1olt reB oe‘son present fluid punp
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paraneters. 25. A control systemas clainmed in claim?24, wherein the
overheat protective neans is proactive, taking steps to cool the fluid punp
based on a predicted future overheat condition. 26. A control system as
clainmed in claim?25, wherein the overheat protective neans acts to disable
adj ustnment of the firmess of the fluid supported mattress and to operate
the fluid at a reduced speed for ef fectd ng cooling of the fluid punp. 27.

A nmethod of controlling the firmess of a fluid supported nattress adapted
for use with a bed assenbly by nean f a ntrol system the control
system havi ng: a quiaFﬁghplp rably coupled to said fluid
supported mattress and bei ng i n~fluid conmmunication therewith and

having a notor for selectively |j ating and deflating the mattress
and a valve for selectively sea{ithg the mattress;
444"\
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control neans operable coupled to said fluid punp and a fluid conduit for
controlling the operation of said punp to adjust the firmess of said

mattress; a hand hel d; renotely operated actuation neans for
actuating said control neans; and transcei ver nmeans for
comuni cating information signals between said actuation neans and
said control neans, conprising the stegps of: (a)
selecting a nuneric val ue representative of a selected target

fluid pressure in fluid pupported-mttress; (b)
transmtting the sgggctef Eﬁﬁ%MJZE\/&Iue QGgng ntrol means;

(c) neasuring the currenf CRUNIER epsure™i Pt he T1uid supported

mattress; tdH—determ ning the need for adjustnent of
the fluid presspgre—n b“ the fluid supported mattress by

conparing the sgl ected tprget—ft+tich pressure
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47 to the current fluid pressure in the fluid supported

mat t r ess; (e) activating the fluid punp as necessary
to adjust the fluid pressure in the fluid supported mattress;
(f) opening the valve; and (g) providing feedback to
t he actuation neans representative of _ the status of the
adjustnent of the fluid pressure in¥ e F1 uid support ed

mattress. 28. The nethod of claim 27, further including the steps of:

(a) deterniningﬁﬁaggngzzgfor an adjustment of the fluid pressure in the
fluid ©su © ttress by inflation thereof, (b)
cal cul ating the necIi ary notor speed;

Fig. 23a
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(c) calculating the time necessary to effect the selected inflation of the
fluid supported mattress; and (d) activating the fluid
punp. 29. The nethod of claim 27, further including the steps of:

(a) determning the need for an adjustnent of he fluid pressure in the
fluid supported mattress by deflation_thereof; (b)

cal cul ati ng the necessary notor spéqﬂﬁ_' (c) calculating the
time necessary to effect the selected deflation of the fluid
supported mattress; and (d) activating the fluid punp if the
cal cul at ed necessary notor speed is greater than zero. 30. The
nmet hod of claim 27, further includug? th§L§Zﬁps of : (a)
conparing the difference between t éﬁl target fluid pressure and
the current fluid press to a known pressure differential; and

(b) making no adjustneAE;E} the fluid pressure of the fluid when the

pressure difference is | §ss than the known pressure differential.
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31. A net hod of repeatably selecting a known performance characteristic
of a sleep surface, the sleep surface being supported by at |east one fluid
inflated bl adder, the inflation of the at | east one bl adder being effected
by a punp responsive to comands

48 froma controller, conprising the,steps of:

assigning a progression of nuneric véLues to a correspondi ng

sel ected progression of fluid pressure values, each of the nuneric val ues
corresponding to a known fluid pressure value and representing to a user a
certain performance of the sleep surface;

Fig. 23c
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di spl aying a user-sel ected nuneric value on the controller;

commandi ng the punp to adjust the inflation of the at |east one fluid

bl adder to the fluid pressure corresponding to the user-sel ected nuneric
val ue by neans of the controller, the certain performance of the sleep
surface being repeatabl e by repeatedgﬁéselecting t he sane nuneric val ue on
the controller. 32. The met hod of~ im31, the sleep surface being
supported by nore than one bl adder, further including the step of:

sel ecting between the nore than one bl adder for individually

adjusting the inflation thereof, whereby a portion of the sleep surface
supported by a first bladder has a sel ected performance that nay be

i ndependent|ly selected with respect Q th erfornance of a further portion
of the sleep surface that_js suppor y cond bl adder. 33. The

met hod of claim 32, fur |nclud|ng he step of:

sel ectively displaying aanuireric value related to the present inflation

of the at |east one fluid{bl adder. 34. The net hgd of claim 33, further .
including the step of: 658 659
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assigning a linear progressing of n
sel ected progression of fluid press
1C1111 LINC B L 35. The net
step of: assig
values to a

pressure val ues. 36.

correspondin

The nmethod of “cl=& m 35, said progression of nuneric
val ues having a | ow end and a hi gh end, '

unmeric values to a correspondi ng

ure val ues. I 111

hod of claim 33, further including the
ning a non-linear progression of nuneric
sel ected progression of fluid

t he high end. of the range

representing greater increnents of fFig @?éure
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| adder- than the low end of the range. 3%™*The

‘met hod o further includi ng the step of:
assignin ’ ’tﬂ’ﬂm f nuneric values to a corresponding
sel ected | uid’ pressure val ues, the nuneric val ues being

bet ween zero and one‘huhdred in incre Ats of five. 38. A controller for a
sl eep surface, the sleep surface haV|gg a vari abl e sl eep performance as

per cei veEbZLAINBEr . the sl eep performance being related to the inflation
of at |east one supporting fluid inflated bladder, the inflation of the at

| east orle bl aAlgentroleiysigneforsontrdiling the fiompessafa fluid suppartad: matiessyadapted

communi cati vel y,co ed to,.the pu .conpri si ng: .

st or age ﬂ%Hﬁ%“g%HaE$£ Qﬁd¥E§F ‘on of numeric val ues, each
nuneric val ue being ? to a certain amount of inflation of the
supporting fluid |n? at )l adder; ' di spl ay neans

conmmuni cativel y cmxﬁﬂmbndmttdmrﬂﬂwo@gplmigam floid pump to said fluid duppéreed ng a
nunmeric value selected fromthe progression of nuneric val ues;
actuati on mednaltressin fiuid qomumunicationtheeewidh;t he di spl ay neans for

sel ecting a desir e BUTRLD G YBLUGIY Suphe ) a Hhid Bl A @l FRAD Sonddie

for controlling the operation of said pump to adjust the firmness of said mattress;

a hand held, remotely operated actuation means for actuating said control
means; and |

transceiver means for communicating information signals between said
actuation means and said control means, whereby said firmness of said mattress
can be remotely adjusted through the use of said hand held actuation means.

2. The control system of claim 1, wherein said transceiver means operates within the

radio portion of the electromagnetic spectrum. .

3. The control system of claim 1, wherein said control means further comprises

means for receiving:and displaying information regarding said firmness of said mattress.

4. The controi system of claim 1 wherein said mattress includes two separate, fluid
isolated chambers, said control means including means for adjusting said firmness of each
of said chambers independently of the firmness of the other of said chambers.




desi r ed hu—H%H—e——vm—ue—r—eﬁhésernti ng a known, repeatable neasure of sleep

sperfornmance : ace; and ' out put neans B
comuni cat i &E Eu “i Ei‘!ﬂm e base unit for providing a
signal tot L the nuneric value selected for display on the

di spl ay neans, the base unit commandi ng, the punp to adjust the inflation
of the at | east one bladder to a repeatabl e anmount of inflation

g R R A )
“communi awdtiress adaptedfor dse withreebdibassemblyt, themattesseihaving @plurality lof tsbparater om
related ﬂtu?d tclqgmgcr:r%,s%]é anr%i nstyst%In having a fluid pump operably coupled to said fluid
supported mattress, the fluid pump being in fluid communication therewith and having
an external fluid pump housing substantially enclosing a fan unit, having control means
operably coupled to said fluid pump and a fluid conduit for controlling the operation of
said fluid pump to adjust the firmness of said mattress, having a hand held, remotely
operated actuation means' for actuating said control means; and having transceiver means
for communicating information signals between said actuation means and said control
means, whereby said firmness of said mattress is remotely adjusted through the use of
said hand held actuation nieans, the improvement comprising:
the fluid pump having a plurality of selectable fluid outlets, each one of said
plurality of fluid outlets being in fluid communication with a selected one
of the plurality of separate fluid chambers of the mattress.
6. A control system as claimed in claim 5, wherein the fan unit is mounted in the
external fluid pump housing by means of vibration dampening mounts, the fan unit
vibration dampening: mounts including a plurality of mounting grommets being held in
compressive engagement between the fan unit and a portion of the pumping housing.
7. A control system as claimed in claim 6, wherein the mounting grommets are
formed of a rubber material.
8. A control system as claimed in claim 5, wherein the fan unit has a fan unit housing
substantially enclosing a fan, the fan unit housing defining a first impeller chamber and
" a second impeller chamber, the first impeller chamber and the second impeller chamber

-being fluidly coupled by a fluid passageway.




: 56 inflati m-ne bl adder. 40. The controller of claim38, -

: the sleep surfac ' “rted by nore than one bl adder, further
i ncl udi ng: l\“\‘qn @‘“ﬂ\m‘lw sel ection means for selecting between the

more than oneld ors * i ndi vidually adjusting the inflation
t hereof, whereby a portion of the sleeg surface supported by a
first bladder has a sel ected perfornmafCe of said portion of

the slegp SURf@fifiol Rl OSirhdf BPEBAR™, 'w%&eme&mﬁn%mﬁﬁ?ﬁﬁtme fan

to a further portion’o eep surfacé that is supported by a second

bl adderbeidgd two stge andradaptedefor odmotessing 20flukin chelfanhavinge fivst ingledlet and| y
di splaying a nuneric value related to the present_inflation of the at |east

one f | U} &caomddamellenthe seqond wapplles being disposed; syl ghatithe exhagt rony
e e B b e 00 o SR gt 1 95, e Stored,
clai m 3fy. thg nBoRSystEHR A8 T1dined iif 8laim '8) wherdinahe PAPHASSS fird imPelletubeing C
val ues having a range of nunmeric values having a | ow end and a hi gh end,
t he hi gtotatably slis withipethe diystcimpellemchambextasd aj seconchimpellep beingfrotatably, of
the at &iggossted %ﬁﬁ};ltﬂé gecond impeller chainber.

11. A control system as claimed in claim 10, wherein the fan is mounted spaced apart

from fan unit housing by means of vibration dampening mounts.

12. A control system as claimed in claim 11, wherein the vibration dampening mounts

are a plurality of O-rings held in compressive engagement between the fan and fan unit

housing. | | _

13. A control system as claimed in claim 8, wherein the fan has a fan motor and a fan

body, the fan body having a motor enclosure defined therein, the motor enclosure

substantially enclosing the fan motor and having at least one cooling air inlet and at least

one exhaust port defined therein, the at least one exhaust port being fluidly coupled to a

selected impeller chamber, the fan motor having an axial rotatable drive shaft and a

cooling impeller fixedly coupled to the drive shaft, whereby rotation of the cooling

impeller draws air in through. the at least one cooling air inlet, forcing said air through

the motor enclosure around the fan motor and exhausting said air through the at least one

exhaust port into the selected one of the impeller chambers.

14. - A control system as claimed in claim 5, wherein the external fluid pump housing

is comprised of a first portion operably coupled to a second portion and having a flexible

~ -mount disposed therebetween, the second portion being spaced apart from the fan unit.
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bl'adder t harrTHe Tow end of Lhe range. 45.  The cont riolerCEf il it a8,
wherein the nymgam ﬂ“ﬁﬂ“ﬁﬁfbetween zero and one hu&njed I n increnmgnt
of five. 46. Iﬂ“‘“ﬂm : pernmitting a user to rlepeafldblyl s8¥&ct| 4
desired response of & sl"eep surface, the sleep surface i ng supported 4
at | east one inflated bl adder conpri si STOor age neg

1439
for storing a progression of nuneric \" | ues, each ' nuneric

val ue bpsng Aedohirdll systerfi¥sichithed TR ¢imOf4, iviidrain 8 fi2ét pdtflon of liRP&kternal
one inflated bl adder? di spl ay neans conmuni catively

coupl echaousinghef the dluid) pumpdhas af first portion of a helicatiflujd imyakepassagaway idefined ue
sel ect e% fromthe progression of numeric val ues;

act uat i 9Ff%%ans conmmuni catively coupled to the display neans for

sel ectiff) & ARnfrBf s§uibtR'ds ClatileliSn cfim ™l £ Rhikteh bl Hfthe e kAL foub'®
desired nurreri c representind a known®indication of a

r epeat aiglgperatid eogsledto the first portion of the Kelieslofleidr intke  passigeway to defined

a second portion of the helical fluid intake passageway.

17. A control system as claimed in claim 14, wherein the flexible mount has a cushioﬁ

operably coupled thereto, said cushion being in compressive engagement with the fan unit

disposed within the external fluid pump housing.

18. A control system as claimed in claim 5, wherein the control means includes a

display for selectively displaying information regarding the firmness of the mattress,

further including said information presenting a numeric scale, the numeric scale being

selectable between a display related to the fluid pressure in the fluid supported mattress
_and a display related to the desired fluid pressure in the fluid supported mattress.

19. A control system as claimed in claim 18, wherein the numeric scale displayed on

the display has a non-linear relationship to the fluid preSsure in the fluid supported

mattress.

20. A control system as.claimed in claim 19, wherein the numeric scale represents an

incremental fluid pressure range from zero to a predetermined upper limit, the higher

increments of the numeric scale relating to greater increments of fluid pressure change

than the lower inicrements of the numeric scale. _

21. © A control system as claimed in claim 18, wherein the numeric scale displayed on

the display has a linear relationship to fluid pressure in the fluid supported mattress.

22. A control system a claimed in claim 21, wherein the numeric scale represents a
fluid pressure range from zero to sixty five one hundredths of a pound per square inch
gage.

23. A control system as claimed in claim 5, wherein the control means includes
overheat protective means for protecting the fluid pump from overheating.

24. A control system as claimed in claim 23, wherein the overheét protective means
includes means for predicting future fluid pump temperature based on present fluid pump



51 out put means comruni catively coupled to a punp

: base unitifor providing a signal to the punp related to the
nuneric val di splay on the display neans to
commnd the”mmamnlﬁ$“¥ “l he inflation of- the at | east one

adder to & repeat awl esamount of infl tlon representative of
the desired response of the sleep surffce. The controller of claim46

further drﬂ?luéf’é ng i nput neans being comuni catlvel y coupled to the punp
base unp receiving a signal thereformrelated to the present anount of

i nflati2fh of Atdontriobaystemres didiawdein.claith 24, Whereither overbeat protettivermedns t he
sl eep surface, being supported by npre t han_one bl adder, further including
sel ect i 18Praivs, taking s éttq’ $§0b id pusap hased omarpredisted future overheat

condition.

26. A control system as claimed in claim 25, wherein the overheat proteétive means
acts to disable adjustment of the firmness of the fluid supported mattress and to operate
the fluid at a reduced speed for effecting cooling of the fluid pump.

27. A method of controlling the firmness of a fluid supported mattress adapted for use
with a bed assembly by means of a control system, the control system having:

a fluid pump operably 'coupled to said fluid supported mattress and being
in fluid communication therewith and having a motor for selectively inflating and
deflating the mattress and a valve for selectively sealing the mattress;

control means operable coupled to said fluid pump and a fluid conduit for
controlling the operation of said pump to adjust the firmness of said
mattress;

a hand held; remotely operated actuation means for actuating said
control means; and

transceiver means for communicating information signals between said
actuation means and said control means, comprising the steps of:

(a) selecting a numeric value representative of a selected target
fluid pressure in fluid supported mattress;
(b) wansmitting the selected numeric value to the control means;
(c) measuring the current fluid pressure in the fluid supported
o mattress;
(d) determining the need for adjustment of the fluid pressure in
the fluid supported mattress by comparing the selected target fluid pressure




i REFAAARSINE ST
bl adder far individually adjusting the inflation th¢réof, whereby ajpértion
>of the sleep surface supported by a first bladder hasja bélUti 897
performance{ m of the sleep surface that jmy be indepe"ldantIy
selected w MIIEmu“ﬂ) Iﬂ"lurther portion of the sleep surface tirat |s
supported by*a Second bl*adder. 49.  The control lerlof claim 47, further
I ncl udi ng the dlsplay neans selectivel di spl ayi ng a numeri c value rel ated.
to the present in Eéssﬁl%aiﬁtthe'fﬁld)k d mittress: The controller
of claim 46, furt er |nc |ng e progression numeri c values to a
correspondi ng sel ect ed(@rmgvmsgmﬂuﬁd puhbas inecessary te adjust the fluidpressur 1.

The controller of claima46, further including the stored progression of
nunmeric val ues tolfaﬂ@oﬂﬂléssﬁﬂﬁﬁt%n@&@ét ed progression of inflation values

bei ng non-1inear. T claim46, further including the-
storage neans storl ng Sﬂ %ﬁm?’%@é vgbaﬂéssi on of nuneric values having a
range of nuneric val uegghgroviting fécdbadk b ﬂl@fhcﬂaaﬂbﬁhnéﬁnd -repiesertative ehd of

the range representing greater 1ncrenments of | ation of the at | east one
bl adder than the thevstams ofthe adjustmene of de ﬂumm;essm i thecfluidfsupperted 46,
wherein the nuneric val ues are between zero and one hundred in increnents
of five. 54. A - f or designating a desired val ue of a performance

charact 8gi st irhe Yrethod 0F ¥Hlaim 27, further including the steps of:

(a) determining the need for an adjustment of the fluid pressure in the fluid

supported mattress by inflation thereof;
(b) calculating the necessary motor speed;
(c) calculating the time necessary to effect the selected inflation of the fluid
supported mattress; and
| (d) activating the fluid pump.
29.  The method of claim 27, further including the steps of:
(a) determining the need for an adjustment of he fluid pressure in the
fluid supported mattress by deflation thereof;
(b) calculating the necessary motor speed;
(c) calculating the time necessary to effect the selected deflation of the
fluid supported mattress; and '
(d) activating the fluid pump if the calculated necessary motor speed is
greater than zero.
30. The method of claim 27, further including the steps of:
(a) comparing the difference between the selected target fluid pressure and
the current fluid pressure to a known pressure differential; and
(b) making no adjustment in the fluid pressure of the fluid when thé :
pressure difference is less
than the known pressure differential.
31.. A method of repeatably selecting a known performance characteristic of a sleep
surface, the sleep surface being supported by at least one fluid inflated bladder, the

inflation of the at least one bladder being effected by a pump responsive to commands
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selected progression of fluid pressure values, each of the numeric values . .
corresponding to a known fluid pressure value and representing to a user a
certain performance of the sleep surface; |
displaying a user-selected numeric value on the controller;
commanding the pump to adjust the inflation of the at least one fluid
bladder to the fluid pressure corresponding to the user-selected numeric
value by means of the controller, the certain performance of the sléep
surface being repeatable by repeatedly selecting the same numeric value on
the controller. .
32. The method of claim 31, the sleep surface being supported by more than one
bladder, further including the step of: . _
selecting betweeh the more than one bladder for individually
adjusting the inflation thereof, whereby a portion of the sleep surface
supported by a first bladder has a selected performance that may be
independently selected with respect to tﬁe performance of a further portion
of the sleep surface that is supported by a second bladder.
33.  The method oficlaim 32, further including the step of:.
selectively displaying a numeric value related to the present inflation
of the at least one fluid bladder. '
34, © The method of claim 33, further including the step of:
assigning a linear progressing of numeric values to a corresponding

selected progression of fluid pressure values.
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36.  The method of claim 35, said progression of numeric values having a low end and
a high end, the high end of the range representing greater increments of fluid pressure
of the at least one fluid bladder than the low end of the range.

37. The method of claim 33, further including the step of:

. assigning a progression of numeric values to a corresponding
selected progression of fluid pressure values, the numeric values being
between zero and one hundred in increments of five.

38. A controller for a sleep surface, the sleep surface having a variable sleep
performahce as perceived by a user, the sleep performance being related to the inflation
of at least one supporting fluid inflated bladder, the inflation of the at least one bladder
being effected by a pump, and a base unit being communicatively coupled to the pump,
comprising: | _
| storage means for storing a progression of numeric values, each
numeric value being related to a certain amount of inflation of the
supporting fluid inflated bladder;

display means communicatively coupled to the storage means for
displaying a numeric value selected from the progression of numeric values;

actuation means communicatively coupled to the display means for
selecting a desired numeric value for display on the display means, the
desired numeric value representing a known, repeatable measure of sleep
performance of the sleep surface; and
' output means communicatively coupled to the base unit for providing
a signal to the pump related to the numeric value selected for display on the
display means, the base unit commanding the pump to adjust the inflation
of the at least one bladder to a repeatable amount of inflation
representative of the desired sleep performance' of the sleep surface.
39.  The controller of claim 38 further including input means being communicatively
coupled to the base unit for receiving a signal therefrom related to the present amount of
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inflation of the at least one bladder.

40. The controller of claim 38, the sleep surface being su ggo_rt_e_cl_by_mm_than..OJIe

bladder, further including:

selection means for selecting between the more than one bladder for
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individually adjusting the inflation thereof, whereby a portion of the sleep
surface supported by a first bladder has a selected performance of said
portion of the sleep surface that may be independently selected with respect
to a further portion of the sleep surface that is supported by a second
bladder. _
41. The controller of claim 39, the display means selectively displaying a numeric
value related to the present inflation of the at least one fluid bladder.
42. The controller of claim 38, the progression of numeric values being linear.
43,  The controller claim 38, the stored progression of numeric values being non-linear.
44. The controller of claim 38, the storage means storing a non-linear progression of
numeric values having a range of numeric values having a low end and a high end, the
high end of the range representing greater increments of inflation of the at least one fluid
bladder than the low end of the range. .
45. The controller of claim 38, wherein the numeric values are between zero and one
hundred in increments:of five.
46. A controller for permitting a user to repeatably select a desired response of a sleep
surface, the sleep surface being supported by at least one inflated bladder comprising:
storage means for storing a progression of numeric values, each
numeric value being related to certain amount of inflation of the at least
one inflated bladder;
display means communicatively coupled to the storage means for
displaying a numeric value selected from the progression of numeric values;'
actuation means communicatively coupled to the display means for
selecting a desired numeric value for display on the display means, the
desired ' '
numeric representing a known indication of a repeatable response of

the sleep surface; and
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output medhs communicatively coupled to a pump base unit for

providing a signal to the pump related to the numeric value selected for
display on the display means to command the pump to adjust the inflation
of the at least one bladder to a repeatable amount of inflation
representative of the desired response of the sleep surface.
47.  The controller of claim 46 further including input means being communicatively
coupled to the pump base unit for receiving a signal thereform related to the present
- amount of inflation of the least one bladder.
48.  The controller of claim 46, the sleep surface being supported by more than one
bladder, further including selection means for selecting between the more than one
bladder for individually adjusting the inflation thereof, whereby a portion of the sleep
~surface supported by a first bladder has a selected performance of said portion of the
sleep surface that may be independently selected with respect to a further.portion of the
sleep surface that is supported by a second bladder.
49. The controller of claim 47, further including the display means selectively
displaying a numeric value related to the present inflation of the at least one bladder.
50. The controller of claim 46, further including the progression of numeric valﬁes to
a corresponding selected progression of inflation values being linear.
51.  The controller of claim 46, further including the stored progression of numeric
values to a corresponding selected progression of inflation values being non-linear.
52.  The controller of claim 46, further including the storage means storing a non-linear
progression of numeric values having a range of numeric values having a low end and a
high end, the high end of the range representing greater increments of inflation of the at
- least one bladder than the low end of the range. |
53. The controller of claim 46, wherein the numeric values are between zero and one
hundred in increments of five. |
54. A method for designating a desired value of a performance characteristic of a body
support from a plurality of values for said performance characteristic, said performance
characteristic being discernable to the tactile senses of a user of the body support and said
body support having at least one measurable trait, comprisihg the steps of providing
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measurements of trait, correlatifig said plurality of values to said measurements, and
selecting one of said correlated values. |

55.  The method of claim 54, said performance characteristic being the firmness of said
body support.

56.  The method of claim 55, said body support comprising a fluid supported bladder,
said measurable trait comprising the fluid pressure of said bladder.

57. The method of claim 56, said plurality of values comprising an actual expressioh of
fluid pressure. | ,

58.  The method of claim 56, said plurality of values being scaled to arbitrary units.
59. The method of claim 58, said scale being linear.

60. The method of claim 58, said scale being non-linear.

61. The method of claim 54, said body support comprising a mattress.

62. The method of claim 54, including the steps of monitoring said body support trait,
comparing the monitored measurement of said desired performance value, and adjusting

said trait in accordance with said selected one of said values.
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