THERAPEUTI C TURNI NG: BED BACKGROUND OF THE | NVENTI ON Thi s invention rel ates-
to therapeutic beds, which are principally of the so-called "low air |oss"
type and which facilitate the nursing of hospitalised patients. DESCRI PTI ON
OF THE PRIOR ART In low air |1 0ss beds, thelpatient is suppgy on a nunber
of |anated sacs whose pressures are adjusted so as to maxTMse the F e
over?® m@ich the patient's weight is su ported, thereby mnimsing the skin
cont ac{>pressures. Typical ref28sha : ENGCBEDent i onal |ow air |oss
beds (hereinafter LALB' are B Patent No. 1474018 and US Pat ent No.
4525885. LowBALK ' E 2 N v successful clinically in nursing

patients who are rone te de&elop “ nt, of pressure sores. Bed-ridden and
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exist, are primar |nJury pati ents and
are desi gnedm@%@g dpat.ﬂ&rrtpﬂ%ﬁ |,g{:tt l'y confi ned I n such powered
turni ng beds ar ne y through an angLe of up to [err]
in each directi On,znanctdnh%noattds@tbé@s adie phatanen d| asgsoPted Wi aad
strapped to a firm _
number of inflated sacs whose pressures are adjusted so as

to maximise the area over which the batient's weight is

&v' supported, thereby minimising the skin contact pressures.
Typical references describing conventional low air 1loss
beds (hereinafter LALB's) are GB Patent No. 1474018 and US
Patent Ne. 4525885. Low air loss beds have been very
successful clinically in nursing patients who are prone to
development of pressure sores.

Bed~ridden and immobile patients also tend to suffer
from 1lung congestion and have to be turned at regular
intervals in order to assist drainage of fluid from the

A | 'lungs. Normally, this is pefformed manually. by nurses,
who physically  turn the patient at one to two hour
intervals.

Althodgh powered 'tu;ning beds exist, - these are
primarily designed for spinal injury patients and aré
designed so that the patient is tightly confined. .In such
powered turning beds, the patient is turned slowly through
an angle of up to 602 in each direction, and ihe..patient

is wedged between blocks of foam and strapped to a firm



2 baseboard. This tightly confined condition is found by many patients -
to be very unpl easant, can induce nausea and encourage the devel opnent

of bed sores unless the patient's condition is constantly nonitored.
SUMVARY OF THE | NVENTI ON According to one of its aspects, the
present invention provides a therapeutic bed which conprises: (a) a tfolley
frame having floor-engaging feet or wheels, (b) an attitude frame - .
pivotably nounted on the trolley frame so as to be pivotabug;
through a predeternined arc about an axis extending longitudinally of "the
bed. (c) Dpsebbdand. neaThisotightiyngohfitnedt condétibhais® Eouwpdvobyt hr ough
said predetermned arc, (d) a plurality of air sacs supported on said
attitude frmame patientsatabbe very pnpieasantuf teni énfluce pausede and ;
resilient surface for supporting a patient thereon, and wherein the air
sacs t oget®RFOVEREEa chhet yooveheRrenh| cQft hbedpaSPERE sunkess cihe be
nest ed and supported, and-ﬁg ccontrol -means for causing the turning -
nmovenent d?aYﬁ%ggtFi?GB@iF$%j B oCPRSBRRELVHORAEATREachi ng the end of the
predeterni{;& [T n_ope direction and causing the  operating neans to
reverse tHeGrres = novenent.

- According to one of its aspects, the present
- invention provides a thérapeutic bed which comprises:
(a) a trolley frame having floor-engaging feet or B
wheels, | - . v

(b} an attitude frame pivotably mounted on the .
trolley . frame 80 as to be pivotable through a
predetermined arc about an axis extending .longitudinally
-of the begq, :

(c) operating meéns for causing the attitude frame
-fo pivot through said predetermined arc,

{d) a plurality of air sacs supported on said
aititude frame and inflatable to a pressure sufficient to.
ﬁrovide a resilient snrfacehfor supporting a patient ;J
thereon, and wherein the air sacs togetner form a cavity
within which the patient’s body can be nested and
supported, and

(e) control means for causing the turning movement
of the attitude frame to be arrested when reaching the end

- @f the predetermined'moveménf in one direction and causing

the operating means to reverse the direction of turning



The operating neans for effecting the  pivoting novenrent wll normally
I ncl ude control neans, such as a m croprocessor, which can be programmed to
control the rate of . pivoting novenent, the dwell time at the extrene point
of the pivoting novenent and the angle through which the attitude frame is
pivoteq’ In practice, we have found that for the best clinical effect, the
attituge frame should he pivoted through a total arc of at |east about
[err]\ij e. [ moviemiemteach direction), and that a total pivoting arc may be
as much as [err] without |losing stability. Dwell tines at the extrene point
in the cycle may vadhe f raperatiowg s@rans 1£0B0 effectbingut the prpivpibing
bet ween about 1 and 5 mnutes. In order to naintain the patient in a stable
position in tMQWﬁﬂfﬂmtfWi#kaﬂﬁ#ﬁ#ﬁhﬂ(ﬁn%iﬂqﬁsc%ﬂtﬁﬁhemeﬁé§trﬁPﬁPngas a
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that for the best clinical effect, the attitude frame
should be pivotéd through a total arc of at least about

. 40° (i.e. 20° in each direction), and that a total
pivoting arc may be .as much as 80° without 1losing
stability. |

Dwell times at the extreme point in the cycle may
vary from a few seconds to 30 minutes but is preferably
between about 1 and 5 minutes. |

In order to maintain the patient in a stable position
in the bed with the minimﬁm of straps or other restraining
devices, the operative surface of the bed is .preferably
made up of a plurality of individual inflatable air  sacs,
which are shaped to produce a cavity corresponding to the
silhouette of the patient. Thus, the patient can be.
snuglf ‘nested in the air sacs while being supported at
minimum skin contact pressures.

Preferably, the air sacs are made partly .or wholly
from water Jvapcur permeable material, which is however
impermeable to 1liquids. By using such materials and

ensuring that an air flow takes place within the sacs,



wat er vapour is induced tQ pass into the sacs and is swept away in the air
stream In this way, the condition of the patient's skin and his confort
generally is inproved. The operation of water - vapour perneable LALB s
and the selection of suitable water vap8ur perneable materials is |,
described in GB Patent No. 1474018, US Patent No. 4525885, U. K. Patent
Spegification No. 2141333, WO 86/06624, US Patent No. 3822425 and "Bed*
Sore BioMechanics", edited by R H Kennedy, J.M Cowden and J.T. Seal#s,
publ i shed byawacnvapanr1®$6;néage§ Pgopasgodntphshgi sacssard dF sWEPtof the

Eanpl 65 of SeR¥nEACERP] §1Ta0bFPaBr ¢ 1A SRS FASoL TR FEPAY -%fée%%ﬁi?»eﬂe; al s
. "Permat ex' L factt by Carrington & Dewhyrst, P
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[ _ ts i tient, nf or . 1c.hi . e t in th
5T suppl y CBeFRBISRCookqares ovARclF | BEEMeRBIR ViaREld FoHT Pend” | 0°.
air how ingdigcaden, o2S sflttabhBCtatls! U8p800Y perhleaB1eChiBtalq8] s alils Of
whi ch are speC|?|ca |y |ncorporate3 erelﬁ. . ﬁoug the . operating

means for g8kueibad in! B8 hkihtdfol ' 2494008, bOsS Pafentd No.OBs2 5885 et y of
systens, e.g. Inflatable air bags (which can be repetitively filled and

exhaust ed) grkhydpatknt r speci€icagibat ween2tde383q! ey B606624nd wUise
attitude frame, such nethods have various disadvantages. It has been
found that patemmbsNoef 3822428 and5"Bed Sore BioMechanics", edited by
R.H. Kennedy, J.M. Cowden and J.T. Seales, published by U
Macmillan 1976, pages 259 - 299, the disclosure of all of
the above publications being spétifically incorporated
herein by referénce. Examples of commercially available
‘water vapour permeable materials are 'Permaéggzz\
'manufacturéd by éarrington & ﬁewhurst Performance Fabrics
and 'Gortex' manufactured by W.L. Gore & Associates.
Further improvements in patieﬁt comfort aie achieved
by: providing a heater in the air supply to the sacs and
also exhaust reguiation valves, to:controi the air flow in N
the sacs, as described in the above cited references, all ‘o
of which are specifically incorpofated herein.
Although the 6peratin§ meané for pivoting the
attitude frame may be Selected from a variety of systems,
e.g. inflatable air bags (which can be fepetitivgly filled
and exhausted) or:hydraulic rams acting betweeﬁ.the trolley

frame and the attitude frame, such methods have various

"disadvantages. It has been found that the most effective



operating neans conprises a direct nechanical |inkage between the
relatively novable conponents, i.e. the attitude frane and the
trolley frane. The nmechanical |inkage may be a pinion drivably
connected to an electric notor which is afranged to nesh with a toothed
gear .-Qr* quadrant, the pinion and toothed gear or quadrant being nounted
respectively on the relatively novabl e frame conponents, Where the notor
can hg oper @PEFaINGOWNESRS. (OIRTIFAS Eaflireqtoumeshanieal | yl bakage

not or “Shaft, However, in order to _provide sufficient torque froma nptor of
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Figure 2 is a side élevation of an embodi nent -of the-bggls oW ng t%e

attitude fraBEnitBal hedepdativailged PSitnedn reant i vehs, harsh e f Optame
sections of the contour frame fully raised, 6

components. Where the motor can be operated at low rpm,

the pinion c¢an be mounted directly on the motor shaft.

&J Howevér, in order to provide sufficient torque from a
motor of compact dimensions, it is normally necessary to
drive the attitude frame through a gear box. In an
alternative ﬁechanical drive arrangement, the electric
mofor may be coupled to_a worm, (normally through a gear
box) the worm being engaged with a worm wheel mounted on
the other relatively mpvable component.

The various features of the improved-tﬁrning bed will
become apparent from the _following description and
accompanying drawings. '

.BRIEF DESCRIPTION OF THE_DRAWINGS

Figures la, 1b, lc and 1d are schematic views of the
bgd showing the various attitudes and functiomns,

Figure 2 is a side elevation of an embodiment of the
'bed showing the attigﬁde frame in the fully raised
qusition and the head and foot sections of the contour

;frame fully raised, _



. Figures 3a 3b and 3c show the shapes of profiled air sacs when viewed

al ong the sections A-A, B-Band CGCin Figure 2, Figure 4 is a side

el evation of the trolley frane and attitude franme showi ng the actuators and
associated parts for raising and lowerirg the attitude frame. Figures 4a,
4b, ~'¥c and 4d show details of the |inkages between  the trolley frame
and e attitude frane and are respectively enlarged views of the areas.

- circled by A & Fiigures)Ba, 3b and shetshow thekehapes hef | prehi B ahd D
in Figure 4, Figure 5 is a partial end elevation show ng the manner in
whi ch the ®Bacs wherpiwigwerd) alnng dhe fseghions fAnd BB Rrflir L€ sim pl an
vi ew of the troll%%afrane Figure 7 is a side elevation of the attitude
frame showFigw nner in which the notor i's rounted thereon, Figure 8 is

a view taken in _the direction of the arrow X in Figure ure

di agrammati c vi &3BITe b WA 99 v%’ﬁ'c?’bll%% ’:a"tﬁga?’?%%jg@ﬁe%%m? o?néhe
bed, Figure IS, an..exanpl.e o | |on ch_can. be homn n the
i spl ay  sotht i R ek nd i BAIRQRT 4 hodft el (HEFER
systen1for | 854 er %Eﬂ%@r e and
basi ¢ functi onsl%%%]t'% %Ead are ép’hﬁ% a#l guresé Ir%%?@d alttin gﬁir% 2.
The bed hagg trgd | Gnd "fdEsidu d@ﬁ_&ﬂs IGf the linkages between the

trolley frame and the attitude frame and are respectively

" enlarged views of the areas circled by A & B in Fiqure 4
and sections taken on the lines B-B and D-D in Figure 4, W
Figure 5 1is a partial end elevation showing -the
manner in which the motor for pivoting the base frame is
mounted, .
- Figure 6 is a plan view of the tfolley frame,
Figure 7 is a side elevation of the attitude frame
showing the manﬁer in which the motor is mounted thereon,
" Figure 8 is a view taken in the direction of the
arrow X in Figure 7,
Fiéure 9 is a diagrammatic view of the control panel .
and display arrangements for the bed,
| Figure 10 is an example of the information which can
be shown on the display screen, and
Figure 11 is a diagrammatic layout of the control
system for the bed.
Referring to the drawings, thé'general appearance and
‘basic functions of the bed are shown in Figures la to 4,

and Figure 2. The bed has a trolley frame (1) which is



7 fitted with ground-engaging castors (2) and supports an attditude
frame (3). Attitude frame (3) is supported fromthe trolley frame (1) by
means of actuating arnms (4 & 5) which can be raised and | owered. separately
or in unison by actuators (15 & 16). As cdn be seen in Figures la and
lc, ope?ation of the actuators (15 & 16) in unison cause the attitude frane
(3) to/be raised or_lowered in a horizontal glane whlle Fl%gre | b shows
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contour frame at on e attitude

are. 2 af tf“hcé%é%@%Q9U€1$nﬂui§)Sho“ﬂs'EaE'Bérﬁeéﬁ in FA@Urds® 1la and
effectively variable resistors, ohe conponent being |inked to the head or

foot sections @2 aspa@batbon shetné hectbatobs {1eme 26)Ain naiieedned dause
Figure 11, the sensors (18 & 19) are connected via a relay board to the

m croprocessortm®ntattitoded, £saméha({3) htopbei radsedfl blre dowexect | das @an
be nonitored. Thus,.there will be a voltage drop across the- resistor
whose val ue ddpmridzombal hepbanenvhiblepFigureglbf showsi tha22 df 2&cthator
vol tage change is converted by the :
(16) is extended while actuator (15) is retracted,
&#.' attitude frame (3) takes up the Trendelenbgrg positign.

The 6pposite mo#ement of actuators (15 & 16) causes the

attitude frame to bé tilted into the reverse Trendelenberg

position.

As shown schematically at (18 & 19) in PFigure lc, the
attitude frame is fitted with potentiometric sénsor means
to determine when sac sections 22, 23, 24 and 25 (which
together form the contour frame 8) are flat on the
attitude frame (3). The sensor means are 2 ofl.the 3
analogue inputs shown in Figure 11. They are effectively

< variable resistors, one component being linked to the héad
or foot sections (22 or 25) and the other to the frame 3.
As indicated in Figure 11, the sensors (18 & 19) are
connected via a relay board to the microprocessor control
board, so that the position of the sac sections c¢an be
monitored. Thus, . there will be a voitage drop across the

resistor whosg.value depends on the extent of pivoting of

section 22 or 25. This voltage change is converted by the



m croprocessor to an angul ar display on screen C (Figures to 11). This is
I nportant since the turning operation, which is indicated schematically
in Figure 1d, should not commence wth the. sac sections in a fully
contoured condition. However, it is generd#@ |y safe to operate with the head
orffqot section raised by about 10 to 200. Figure 1d shows *

di agrammatically the principle whereby the attitude franme (3) is .
pi votabl e about a |ongitudi-nal axis of_: the bed through a maxi rum angle
in each di PAEEORFOFESARIUILY &1 |anguler HARLAE RIRcEesR \C (Wwaﬁ$§%d
the arm (4) .at t head end, (10) takes the formof an A-frane (61 61la),
whose | egs &Pe 2ch ﬁﬁ)ﬁé FROE RN KANce (thg | tuyning g ?Qé atfan} i nked

(. . it i.Qn ,qf -
to rise (o¥BeR 4 sndita R Aalb el Y P Giad 1R 0G4 o agf)"
connect ed { g fripled | ik | I (e Uedéhions S hal UABLAYI Sieodsai® i S
pi vot abl e on ergé%rann .about an axlis, whic ext'ends Iongl?u rnally .

of the  begdnaS#ir ! ehdubddie, al ifyc#%ﬁé@%ﬁg% JafQ 85 dfebsrd Vigieh! e

with the attitude frane is a drive notor Mot or™ (62) drives a

pinion (67) tie HedE e Eodt sectibirraissdapehinst 164of20@d to the

A-frame so that on operation of the nmotor, -the attitude frame is tilted

-about the |ongiftiirel ad s sHowde dissbwannaticgkly tthé he primabple

Referring particularly to Figure 2, attitude . frane (3) has suspended

beneath it  whelreby Hhesi mtfithide wivdme (3) is pivotable about a
longitudinal axis of the bed-thrbugh-a maximum angle in
eéch direetioﬁ 6f about 40°; As shown schematically in \yj_.

Figure 1d, the arm (4) at the head end (10) takes the form

of aﬁ A-frame (61,61a), whose leés are attached to a pair

of levers (45). Levers (45) are linked fo actuator (15)

so that eitension of the aétuator causes the A-frame to

rise (see Figure 6). At its apex, the A-frame is

pivotably connected to the attitude.frame (3) at (47) so

that the'attitude frame is pivotable oﬁ the A-frame about

an axis, whiéh ‘extends longitudinélly of the bed.

Supported on the attitude frame (3) so és to be pivotable Q;J

with the attitude frame is a drive motor (62).  Motor

(62) drives a'pinion-(67) which meshes with a gquadrant

shaped gear (64) fixed to the A-frame so that on operation -

of the motor, the attitude frame is tilted -about the

longitudinal axis of the bed with respect to the A-frame.

Referring :particularly to Figure 2, attitudé frame

(3) has suspended beneath it a blower'hdﬁéing (11) which



9 is connected via trunking (12) to a control box (13) which incorporates
valve gear for controlling the flow of pressurised air to individual
air sacs (14) and also for supplying air to bellows (20 & 21)  for
raising . and lowering the foot and head of tfe bed sections which formthe
contoQ frame (8). The bed sections formng the contour frane are

| i-nked~t oget her by appropriate -hinges (not shown), except for the head
secti agy (25) ismfconnmectedtvia tromking) (hR)choi acooptraiebox $ABJi whikhnge
which slides on the attitude frame (3). The general arrangenent of the air
sac air flow comorporngtes, WRRvencg@aficyfer| caontrabding( 26hear Elgwnepdl |y
as described in our published PCT application WO 86/ 06624 and correspaondi ng
U.S. patent aﬁ&ﬁﬁﬁﬂ#%ﬁﬁ@?/@DE,VGG}nghgiGPQEIB%Hré?ﬁ? fAfenhapd apseiffex |y

i ncorporated herein by reference. As_previouygly neptioned, the air sacs
(14) are not SYPREY} aife tRaphel ?Vﬁougﬁhtﬁeyg;Pe OFer ZRE51gE gand

- h d_ar. bly._ hed h ' f ' —
contour Trans YHErEH, BROctoth RO REAY DhotbAcbBH, seBkipprokRigf, o Fhrm
which th ti degyth ' : '
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s_upport su_rfa or ned _ e_ contl guou_s alr sacs. _ alr-sac snown 1 n _
Figure 3Cis Sgk%wd Sowh) | CheRBept 0EBErNENEONBAAYEEELABNUPRES)SUBEaCcehe th

a single gap ( suitable for supporting the head of the patient whereas
contour frame (8) which incorporates a sliding hinge which

N slides on the attitude frame (3). The general a;rangement
of the air sac air flow control means, CPR emergency
release handle (26) are generally as described in our
published PCT application WO 86/06624 and corresponding
U.S. patent application 07/002,766, the disclosure of
which is specifically incorporated herein: by reference.
As previously mentioned, the air sacs (14) are not all of
the_ same shape, although they are generally of a _lozenge'
shape and are removably attached to the sections forming
the contour frame (8). In order to providé the pesting
cavities within which the patient can be sﬁpportg¢, the
air sacs are shaped as shown in Figures 3A to 3C. As can

. be seen from the end views of these 'éir sacs, their
surfaces are profiled according to their location_in the
patient support.surface_formed by the contiguous aif sacs.
The  air sac shown in Figure 3C is shaped by stitching or
gluing tp providg an upper surface with a éingle gap (31)

suitable for supporting the head of the patient whereas



10 the air sac (3B) which is |ocated further down the -hea section of the
contour frame is provided with a bigger gap in its top surface (32) for

accommodating the shoul ders of the patient. In a simlar manner, the air
sac shown in Figure 3A |ncorporates tmolﬂepre33|ons (33) in its top
surtace wthin which the patient's legs can be lifted. It will be"

. appréciated that differently shaped air sacs or air sacs of dlfferenk >
on"the. si eamésea'geﬁff%") oA e nfocated, &ﬁﬁééﬁé%%rﬁgﬁg?ﬁﬁ e

attitude fraE RS ¢ #’L%ogrfﬁ‘”ta?naf%ti‘se RRevEie WL eh, 4 pLFdeE Sapes 4,
g?tfjgt ([))r ?151) |ncﬁan%°e€ 2 e It{tgch %‘%i‘ Cg%%%ﬂ%ag ﬂég;{ lg%gélgl%gdgr%?gaded ‘
I'ead screw (4 freen?rw fimiras aeRRUE( 4Bhol 19' {:aghawﬁonﬂﬁcted

a |l ever (43) Lever 43 Is fixedly attaeche nounted I1n th

trolley franmpdda . 3AA%érﬁrme&wéeaeﬁﬁeséﬂéns&ﬁﬁ)lﬁreleéSOtBbxed'y

attached at one end to shaft (44) and at their outer end pivotably

connect ed t suffadewari thith ofwithéhathegpat fend)s leds cant i baedi abese.
actuating arm (4) is in the formof an A-frame having - legs (61 & 6la).

The | ower erids wifl} Hee Aaﬂpmmiiﬂed aclmat odhEflebgnt by sshaped 65} r sdeseods of
which. are received in bearings in
air sacs of different dimensions may be selected and
fitted to the contour frame depending on the size and
weight of the patient.

The mechanism for raising and lowering the patient
support surface of the bed and for pivoting the attitude
frame about its longitudinal axis is shown in detail in
Figurés 4, 4A to D, 5, 6, 7 and 8.

Referring particularly to Figures 4 and 6, the
actuator (15) includes an electric mofor (41) drivably
'engaging a threaded lead screw (42). To the free end of
lead screw (42) is_pivotably’ connected a lever (43).
Lever (43) is fixedly attached fo a shaft (44) mounted 1in (;J
the trolley frame (1). A pait_of.spaéed levers (45 &

' '45a) are also fixedly attached at one end to shaft (44)
and at their outer end pivotably connected to the lower

 _ end of actuating arm (4). As mentioned above, actuating
arm (4) is in the form of an A—frame havinglleés (61 &
6la). The lower ends of the A-frame (4)-are joined by a

shaft (65), the ends of which are received in bearings in



the outer ends of |evers (45 & 45a). As _best seen in Figure 4b and-Figure
5, the dapex of the A-frame (4) is welded at its upper end to a trunnion
(47) within which is mounted, within a suitable bearing, a shaft (48). As
aresult, attitude frane (3) is ‘able to Rdtate about shaft (48) which
conpr'ses t he | ongi t udi nal pivoting axis of the bed. At its opposite end

from'l)ead scr MI(42 actu or |s ota attached to a bracket (46)
nDunted on th t??#? ﬂ£ %T& ?ﬁé & 3héﬂ ‘lead screw (42) is

exteitted, |evers (43, ggs ééé); %‘ﬁ%l&g%h% Qﬁ EWSL:!:eC"SanlE | Qe ex of

causing shaft (44)"to ro ant se difection-an

actuating af myd) ASesbag: (4) gl aiaghr 8R03WE Lpbs-PEAN! d8dant é:rr%xﬁ‘iﬁ{

~end of the bed where actua of I ncorporates a notor (50) and | ead

screw (52) .  (47f @EENSAOLNLEA) 1s5méﬁﬁ’ﬁé&edw1tﬁint Besh&%hﬂ)é bearingl) &Y

bracket (53) and at the other end 1is pivotably connected to a |ever (53)

whose renot e gipie | 648) Xedagngurasuyt} cattilbalie Erdhe \3)Chsi S apleot Yy
mounted within franme (1). Shaft (54) also carries an angularly fixed

| ever (55), trotdreeopabeuteshafito{48)i which pomprdbeg &heaclengitmdinal

At its upper end, arm (5) is rotatably secured within-a trunni on (56)

mount ed on t hpivotingi deis of th@ebedttitude frame (3). Details  of

construction of trunnion (56) are shown in Figure 4A, fromwhich it will be

seen that the trunhtonitBcoPpBPEitse QnGnFFBPsgPaFoFﬁFe@58ﬂ4®H|CWQ&Mﬂﬁcﬁé

pi voting ”DvePf§§ OIs pivotably attached to a bracket (46) mounted on

. ‘the trolley frame (1). Thus, when lead screw (42) is

~ .extended levers (43, 45 & 45a) act together as a bell
crank lever causing shaft (44) to rotate iu an anti-
clockwise direction and actuating arm (4) to rise.

A similar arrangement is provided at the foot end of
the bed where actuator (16) incorporates a motor (50) and
lead screw (52). The actuator (16) is anchorec tc the

' trolley frame (1) by bracket (53) and at the other end is
pzvotably connected to a lever (53) whose remote end is
fixed angularly to a shaft (54), which is plvotably

N ‘mounted within frame (1).‘:_Shaft (54) also carries an

- '“angularly fixed lever'(55), to.the opposite end of which
is pivotably attached arm (5). At its upper end, arm (5)

. is.rotatably secured within a trunnion (56) mounted on the
underside of the attitude frame (3). Details of
construction of trunnion (56) are shown_iu Figure 4A, from
which it will be seen that the trunnion incorporates a.

universal joint (58) which enables pivoting movement of



12 the attitude frane (3) about shaft (57) as well as Jimted angul ar
novenment between arm (5) and the plane- within which attitude frane

(3) lies. Figure 4C shows the bearing |ocated between arm (5) and

| ever (55). In order to bias the attitud@ frame (3) into a horizontal
pogT}i on conpression springs (62a & b) extend between the attltude frame
(3 nd the cross shaft (.65). As an alternative, other, neans

Copng o Che hREaknSe E‘ée%gf?baea%aatﬂgs@%%%%ﬁ s dad qﬁéa&gﬁ %eléfuts
d h |

?Lrnfﬁrg: "0 ehan ?gﬁa wdgphadt, | BRbwEUA R (3) hod! 33%’ »é‘&md

PriRCTPl e Gnfep 38k tGak | $rbeTd Y &qﬁéﬁzt Fiffed, 44”%%%@@

carried by ﬁeawﬂar&beatghas@th@@h Wit 5)s afw%v%} t(%)att'trwgoaé%égee

(3). Motor (62) "is arranged to drive a pinion which is en

Wi th the cuggepiascknel atitd tadedtaame( @4) 3nto BN DFHIARAYAENpdSi Sish t hat
with the pinion engaged with the rack, operation of the nDtor causes the

attitude freoompreskibn sbeingeh¢62s & @:f) ¥t end beteer? Hhe | atif Gide e,
the nmotor (62) includes a gear box (68) which reduces the speed of the

pi nion to afrapprogBi)ased &he. crosist shasf thedS Y.oundst kat &l tpmatniveyt e
speed for the pinion is about 2 rpm In an energency when it is
desired tootherur meanse @éddamim pr hjaging ther | mewemient of the

attitude frame may be employed such as gas struts in place
of the springs;' Only one enq of the gas struts or springs
is fixed so thaf they function only in compression.

The turniﬁg mechanism is shown.in more detail in
Figures 5, 7 &38. in principlé,.a quadraht.(64)'is formed
with toothing to form a curved réck and is fixedly
attached to the A-frame (4). A motor (62) is carried by a
supporting plate (66) which is fixed tq the attitudé frame
(3). Motor (62) is arranged to drive a pinion (67) which
is engageable'with the curved rack of the quadrant (64)
and the arrangément is such that ﬁith the pinion engaged Q_J
with the rack, qperation of the motor causes the attitude

: frame.to turn about the axis of the trunnion.(47).

In.practiéé} the motor (62) includes a gear box (68)
which reduces fhe speed of the pihion to an appropriate
rate. It has been found thét an appropriate speéd for
the pinion is about 2 rpm, 'In gh emergency.when- it is

desired to return the bed Trapidly +to the horizontal



13 position, the pinion speed may be increased. A DC electric notor is
preferred for several reasons. First, the shaft speed has a |inear
relationship with the applied voltage. Thejgfore, the rate of turning
can be accurately -determ ned and controlled by regulation of the voltage.
Secondly, the | ow voltages enpl oyed nake the bed el ectrically safe.

Thiﬁgby, the bed can be operated by on-board batteries which nakes the bed
t ruby<-portabl e.pdditribhy, thebpihton speedemawi bk bacreabeded and a
rectifi er for operating froma nmins voltage supply. We currently prefer
to enpl oy a DC not orAsDEheikectréc'patenkds poefesrednfibacseveraby reasonsd
Motors Limted of Bordon, ngshlre Engl and. These notors deliver high
torque at | ow Sptest, ethe sha EpePaedchas| aslingasxrebptignshipnyith the
exactly I|inear Peed/voltag rel ationshi p. Thus, the pivoting speed_of
the attitude fr2PRligd pEOLS 9PolIeﬂhﬁﬁeﬁﬁﬁﬁecFPﬁgrﬁﬁﬁ pfir ¥nABiRg: 6”0 6PP

appl i od vol t agAFRIEREaI uaRRES %ae{!h@n reaFLRRLhee Py %% BBLIoHcpd the
Figures 9 to

Uit e o Glso Yo he g "6LBBhal ¢ che §83boY+HBRY BhbROTRA Hake  The pep,
cor respond wi t %@téf&%i??eoéakae p'.t'ﬁif’&l ee{-ﬁe a8 BRhheoHefat el oy

assenbly (62 & are d onto a suppo flng pla IS Its

pi vot abl 'y on-board batteries -which makes the bed truly portable.
Normally, a battery charger will be included and a
rectifier for operating from a mains voltage supply. _We
currently prefer to employ a DC motor such as the
"pancake" motors manufactured by Printed Motors Limited of
Bordon; Hampshire, England. These motors deliver high
torque at low speed, e.g. 900 rpm at 6 volts and exhibit
an almost exactly linear speed/voltage relationship.
Thus, the pivoting speed of the attitude frame can be
controlled by connecting the turning motor (62) to the
central processor board via_the relay board and regulating
the applied voltage in accordance with the programmed
\J' ' turning speed (see Figures 9 to 11).

The quadrant (64) is readily manufactured by £flame
cutting a disc of appropriate radius into four pieces and
milling teeth to correspond with the setting of the pinion
teeth. | |

The motor..and gear box assembly (62 & 68) are :bdlted

onto a supporting plate (69) -which is itself pivatably



14 nounted on bracket (66) by shaft (70). Connected ta the end of

plate (69) renote fromshaft (70) is a push rod (71), the opposite end of
which is clanped to one end of a shaft (73) nmounted in a side cheek of the
attitude frane (3). Shaft (73) can be roléted in a clockwise or anti-
clocky se direction by pushing or pulling on rods (74 or 75) which arg
actuat.able by levers (76 & 77), conveniently |ocated at each side of the .
bed. Pulling on lever (76 or 77) will disengage the pinion (67) fromthe
rack (64), smpumm@dumnahr@a%¢geh@ ) bﬁesh@ﬂtcgﬁgbe r e€onnedteadntal | yhet™® a
hori zontal position. engagenent/ di seng genent mechani sm provi ded

by rods (728& Qqf) Phﬂ'ﬁe h@%bc?%!?%'ﬁ?a%?%tﬁi%f 0(17?71}Sa1'=‘e PpaRedreg a

shaft which VEesS over centre ween two, stable tions definin
engaged an %ehﬁ%@eﬂppﬁﬁﬁﬁﬁt??él Fd? hith h%t%&agﬂ r Egkone 9ﬁ9n°gtﬁe

EE;? e lf w Hfes 3%%5"5%5‘%5%5’% & FTony nednch, top RerFRRRT ualleiry,
apertured bai3th aciRte fTafich eb%“é%ﬁ*?ﬁ%&‘;#?"% FRS;PRRE° OF CBpeir
() omne CoNiSbuRoRE Afr é@@%'ﬂy%ﬂ%ﬁﬁx& 8l 1 fRYbR0-68s [#8  bece 80

of control box 13 | gure I's Tncludes an~electrical mains

i ndi cat or E, 78y bleyek 5%tseulfatamb By PRée¥e(76 & @asraebﬁeeﬁiehb@y CPR

| ever will cause air to be dunped fromthe nain air feed fromthe
located at each side of the bed. Pulllng on lever (76 or
77) will disengage the pinion (67) frpﬁ the rack (64), so
that in an emergency, the bed can be feturned manually to
a horizontal position. The. engagement/disengagement
mechénism provided by rods (74 & 75) and associated
actuating rod (71) are linked by a shaft which moves over
centre between two stable positions défining engagéd and
disengaged conditions of the motdr and rack. When the
motor is disengaged, the attitude frame (3) ié held in a
horizontal plane by the two compression sérings (62A &
GZB). However, for further sécurity, a dog clutch may be
mounted on the motor gear box and eﬁgége in an apertured §;J
bar so as to effectively lock the aftitude fraﬁe to the A-
Frame (4). | | |

The control panel is shown in Figure 9 and is mounted

on the face 80 of control box 13 (see Figure 2). This
includes an electrical mains indicator‘E, a blower switch
F and a CPR lever G. Operation of the CPR iever will

‘cause air to be dﬁmped from the main'éir feed from the



15 bl ower, thus causing all sacs to deflate .rapidly and the bellows -to
deflate. The CPR lever is also |linked to the actuator control thus
bringing the bed to horizontal. The screen A is the tenperature

adj ustngnt and di spl ay and shows the tennsrature of air passing through
t he sacs Knobs H are linked to the valves for air supply to the
|ndP&LduaI sections 22 to 25 and -provide the control fo¢ individual
pressyre contbldwexrp thashcaysitng abl sacacto Hefdese ragliidlishe and sthus

can be simultaneously inflated to full bl dwer output pressure by pulling
out knob J. bellows uteddeflatesi sThagCPRelp¥ercis 8dsend isiteq o bekhe
Light Bis a warning |ight and draws_attention_ to_an alarnlmarnln in the
cor r espondi ng %E%?@ @F FﬂnFﬁﬁldFEBFaprbﬁﬁéPQCtthP@daFQb ?é%-

bed includes %gotentl sens nuf ctured y. henny &

G les, which s¥% ‘?heAanggg%%'P Fﬁ@peﬁ?FPFﬁdg jf‘ ar?t'j'd a 3%ed
back t th -
ne congour " BHGHER, B5FS " PhupdBbbnrs KBl 318053 3139 s BTne e <
sensor is the ghig a' gg4°1 Lfikth £Bdkhat @ng Fo3Uae rl bu ta thhe
pen |R? F& swmtc

Al ternatively, ano her type ulum sensor, e.g. a ne

may be used. d;‘.@ﬁbaﬁumxecwsngazznw QthﬁdOErb'v'ih'enQ:tfea%diﬁ:rdlr esfdr
so that the bed frame wll comence turning in the opposite direction once

the maxinum tiihapvgdeahaspbessuréachesfitréideltay mhbeg&@ugctam e saddat

there is a variable dwell at sonme point in the'sequence.
However, all the air sacs can be 31mu1taneous1y inflated

N’ _ ' to' full blower output pressure by pulling out_ knob J.
This is used for assisting the patient on and off the bed.
lLight B is a warning light and draws attention to an alarm
warning in fhe corresponding position in the display panel
C, (see also Figure 10).

fhe. bed .includes a potentiometric tilt sensor

manufactured by Penny & Giles, which sense the angle of
'the attitude frame and provides a feed back .to the
microprocessor _unit. This operates in the same way as
the contour angle sensors t18 & 19) mentioned above. The
output from this sensor ie the third analogue input
indiceted in Figure 11. Alternatively, another type of
pendulum sensor, e.g. a mercury switch, may be used. In
fhis way, the maximum angle of tilting can be preset so
that the bed frame will commence turning in the opposite
.direction once the maximqm tilt.angle has been reached. A -
delayemay be selectable so that_there is_a variable dwell .

at some point in the sequence.



16 The control systemfor the bed is shown in the block. diagram of
Figure 11. From Figure 11, it wll be seen that all controls, sensors
and di splay devices are |inked to the mcroprocessor control board, which
controls the operation of all the functidbds of the bed. Operation of the
bed~js divided into two main nodes: 1. Standard Low Air Loss (LAL) System
. use/ 2. Turni ng node. The system autonmatically enters. operatlng mode_ 1 “
upon power .up. In this node the control systemreceives t fron1f s

transducers whi e rePRFER} S¥sten fﬂE t%%r%%ﬂ iEséEOFPgéFet  DLRGKS or s
R TSRS
functi ons, #%Atrgiﬁuéégmféiﬁé g&%éﬁPgh¥$%mﬁgggfg¥aFngng 6§8n nggion of
bar anet G ferﬁé%%ﬁﬁgpﬁ‘?%éﬁgéﬁ%‘g@#ﬁ%é%%? DeBERRC cblREbLE e OnCC

switches angpeddtid@USE 4P DEn& OFuRELIohs & NEheCBBA, DEJIN. Wil e turning
is in progress all inputs including CPR Power Loss and Full Inflate are

continual 'y noniggsestion ¢ thdibed0ig, diveasdninEentie! mEHﬂCfnbEE§ nmay be
inhibited to allowthe bed to.turn safely within pre-set limts. | f

these pre-set |1t sSeamdexd chokedhi adiossr YLAB}S8getemauge, al SO
2. Turning mode. | | | |

The system automatically enters operating mode 1 upon _

power.up. .In'this ﬁdde the gontfoi systen receives input ~

from transducers which are displayed on the screen (see

'Figure 10). Indicators to set deéired'pressures can be

sef in this mode from keypad input (101). Inputs.from CPR

switch, Power Loss and Full Inflate are also monitored in

this mode. BAll hand cgntroi'functions which céntrol the

beds standard functions, i.e. tilt, posture and high low
are available. |

Upon selection.of tufﬂing mode the'turning parameters

can be set by keypad input (101), once parameters are set Q;J
théy are displayed. The.éystem cheéks_all'safety switches
and if found to be correct, turning can begin. While
turning is in progress all inputs'including CPR Power Loss
and Full Inflate are cohtinua11y  monitored. In this
mode, the Hand Cohtrol fﬁnctions.may be inhibiteé to allow
the bed to turn safely within bre;;et iimits.' If -these

pre-set limits are exceeded, advisory messages are also



17 di splayed to indicate which fault conditions exist. A arm nessages
also displayed if the- wvarious alarmconditions are net. During th
turning cycle the bed can be stopped fromturning or the dwell-tine can be
frozen to allow a nursing procedure to takelplace. The bed can then be
€d to continue its last operation or returned to a |evel position.
of automatic turning and dwell time continues until

ei ther; a keypdtsphpyedr touindicatebeliich fBudticondilkdooBRexiistch iAlarm

restarg
The ~ cy

oper at €

cle

d.

In

order to avoid problens arising fromthé attitude frame bei

i npeded by olRe$sRE¥e8ns 3teh aldseurdiepiavedr dfsi thes, vamious 5t Flarke
fitted with a circunferenti al D-sectlon i nfl ated tube.

frame
This t

IS
ube

i CORGhREeRBgaTe Mty pressure sensitive switch which s

are
e

i ng

' d wh h b d _theref
"ncreases the prRubtRg thR ERrAtap GRoTd SRR BER AR B aneren cﬁfreémds

a signal to t

reverse and t

di spl ay

I nstead of an |n
control Systeea,ﬁefhadeslest hlégtm)dﬁeﬁai:kéﬁ tBe MReRLIRRACE to Ofa

node.

I'n

A GG OBEOEEE B Eimb"chil BeCaUBER B BINUI S AP |

avay T From ruc Sl taneous

pa”ﬂ:o pdb eg tbNghkat Ela 8¢ Tﬂéeﬁgﬁc‘éan ‘Eixen B YRt d;r{:o

th

tube, nfra-red

etector may be use

I's node, the m croprocessor is programmed to check

t he oper atipgsition.

The cycle qf automatic tﬁrning and dwell time
continues_ until either a keypad input returns the bed to
Mode 1 or the CPR switch is operated.

In order to avoid problems arising from the attitude
frame béing impeded by obstructions such as furnitu:e or

visitors, the attitude frame 1is fitted with a

. circumferential D-section inflated tube. This tube is

connected t0 a pressure sehsitive switch which is
activated when the tube presses against an obstruction and
therefore increases the pressure in the tube. On

activation the switch sends a signal to the microprocessor

which in turn causes the turning motor to reverse and thus

move away from the obstruction. Simultaneously, the

display pénel will indicate' the presence of an
obstruction. Instead of an inflated tube, an infra-red
detector may be used. | B

The control system includes a third mode called ' the
ma;nténance" .or service mode. In this mode, the

microprocessor is programmed to check the operating

1fel ce



18 functions of the bed and to indicate in the display -panel A-any

mal functions. As indicated in Figure 11, the control neans includes an

out put- port and an ancillary printer or recording device (e.g. a tape
cassette). This enables the clinician or X8urse to print out fromthe

m croprocessor store, data concerning the sequences which the bed has -,
perforned e.g. over the last few hours or days and prOV|des a recor,d§ “of -

t e’ t reat nent . | 1111111111111111111111111 19 CLAI VE; -

t her apeut i tfuBééFlﬂﬁ'iScl‘Pfc&hﬁl andyto indigate, imy fhe t%ﬁﬁ’?gaifl cRﬁ‘!%‘ngagl ng
feet or mheels, tltude frame plvotably nmounted on the trolley
frame ﬁi@ﬁﬁable t hr ough a predeterm ned arc about an

?ﬁ'esa?txffﬂﬁ'en?r' °”%?#’d'# SR e I R e S A
of alr 5203, SUBRRET Port L o WIRNNA 2Pkt A © LS dy PO e
dev1ce (e.g. a tape cassette). This enables the clinician
or nurse to print oﬁt from the micropfocessor store, data
concerning the sequences which the bed has peiformed, e.g.

over the last few hours or days and provides a record of

the treatment.



provide a resilient,surface for.supporting a patieht t her eon,

the air sacs together forma cavity wthin which the patient’

\

lﬂlfﬂmﬂﬂﬂ M

nested and supported, and (e) <control neans for causing the turnldg

novenent. of the attitude frame to be arrested when reaching

the end of the

predet ef'm ned novenent in one direction and causing the operating neans to

reverse the direction of turning novenent. 2. A bed as clained in claiml
whereixn the control neans includes neans 4fpr adjusting the rate, -angl e of

turning and/or dwell time in the inclined position before reversing the:

direction of EyhRMBY~ 3. A therapeutic bad as .clained in

claim1l

wherein the operatling neans for causing the attitude frame to pivot
conprises a notor fii,xedlpy tierapeditiet! HYedv wHiTH ongeriseent sel ected from
the attitude frame and the trolley frane and drivably connected through
gear| ng to the oth¢a)componenilely frane dldvind rfthrrengdging t i fesie foane.
—A bed as <clainmed- in claim 3 wherein the operating nmeans
conprlses a nwheeldri vably connected to a pinion, said pinion being
engageable with a toot hed wheel or quadrant. 5. A bed as clained in claim4
wherei n the pinion(bd ddengiFdimce f iaamehe Riatahky quaeNRERd SO hathen

an energency the bed_can be pivoted manually to t he
posi tion and tZeRdgY: heddepe so as to be pivotable

hori zont al

through a

predetermined arc about an axis extending 1longitudinally

of the bed,

to pivot through said predetermined arc,

{c) operating means for causing the attitude frame

(&) . a plurality of air sacs supported on said

attitude frame and inflatable to a pressure sufficient to

provide a resilient surface for supporting

a patient

thereon, and wherein the air sacs together form a cavity

within which the patient‘s body can be nested and

supported, and

(e) control means for causing the. turning movement

., . of the attitude frame to be arrested when reaching the end

of the predetermined movement in one direction and causing

the operating means to reversé'the dgirection of turning

novement.

2. A bed as claimed in claim 1 wherein the control.

means includes means for adjusting the rate,

angle of

turning and/or dwell time in the inclined position Dbefore

reversing the direction of turning.



as clalned in cIa|n11 mhereln the attitude frame is al so
tilta & e or nore axes extendi ig transversely of the bed so that
““!@\ R\“ of the bed may be raised or lowered. 7. A bed according
\:\ YN %6 Whi ch includes actuati ng neans for raising and | owering the
héad or foot end of the bed, said actuating means being |inked wth sai.d
operating neans by control neans-which prevents comencement of plvotbngNef
the attitude frame about said Iongitudiggal axis unless said attltuq“i
frame is in a horizontal position-.

3. A therapeutic bed as claimed in claim 1 wherein
the operating means for causing the attitude frame to
pivot comprises a motor fixedly mounted relative to onme
component selected from the attitude frame and the trolley
frame and drivably connected through gearing to the other
component of the trolley frame and the attitude frame.

4. A bed as claimed in claim 3 wheréin the
operating means comprises a motor drivably connected to a
pinion, said pinion'being engageable with a toothed wheel “)
or guadrant.

5.. .A bed as claimed in claim 4 wherein the pinion
is disengageable from the wheel or quadrant so that in an
emergency the bed can be pivoted ﬁanually to the
horizontal position and locked therein.

6. A bed as claimed in claim 1 wheiein the attitude
frame 1is also tiltable about one or more axes extending
transversely of the bed 80 that the foot or héad, of the.
bed may be raised or lowered. m | | ‘;J

7. A bed according to .claim 6 which includes
actuating means for raising and lowering the head or foot
end of <the bed, said actuating means being_.linked with
said operating means by control means which prevents.
commencement of pivoting of the attitude frame about said
longitudinal axzis unless said attitude frame is in a

horizontal position. - - _ —




