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a. Field of the Invention

The present invention relates generally to cargo systems for aircraft, and, more
particularly, to a system that enables containerized cargo to be stowed in an upper,

15 generally overhead area of an upper lobe of a fuselage of an aircraft.

b. Related Art

For reasons of economy or flexibility, it is often desirable to convert a passenger
20 aircraft to transport cargo. Conversions may be permanent or temporary/reversible, and
moreover may involve the entire aircraft or only a part of it. As a general rule, however,
it is desirable that such conversions be economical in nature, and in particular that
modifications to the existing air frame and systems be kept to a minimum. Low weight is

also a desirable characteristic.
25 Another important factor is maximum utilization of available space. In this
regard, it will be understood that in the case of cargo aircraft, volume rather than weight
is often the limiting factor, and so for efficient operation it is therefore generally

important to be able to fill as much as possible of the interior volume of the fuselage with

cargo.
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containers from the lower lobe to the upper lobe after they have been loaded into the
latter, and vice-versa during unloading. A non-limiting example is the lift system that is
shown in U.S. Patent No. 8,011,617, which is incorporated herein by reference. The
structural modifications involved in such an approach are mostly limited to the main deck

25 of'the aircraft, to provide an opening for the cargo lift, and major changes to the skin and
frames of the fuselage are generally avoided.

A remaining problem, however, has been that even after the cargo containers have
been loaded onto the upper, main deck of the aircraft, much of the available space
remains unfilled. It will be appreciated that in passenger aircraft the main deck, which

30 forms the floor of the passenger compartment, is generally positioned well below the

mid-level of the fuselage, to provide adequate space of the passengers and their luggage,
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25  at least one pivotable link member may comprise a pivotable link member aligned to

transmit loads from the frame of the rack assembly to the frame of the fuselage in a
generally radial direction. The geometry of the frames of the rack assembly and the
pivotable link members may be configured such that the pre-existing bin attachment
points are subjected by the rack assembly to load vectors that are substantially similar to

30  predetermined load vectors for which the frames of the fuselage are rated with storage

bins mounted to the pre-existing attachment points.
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barrier in the fuselage having the lift mechanism mounted thereto so that loads exerted by
20 the hift platform on the lift mechanism are supported by the barrier structure.

The lift mechanism may comprise a generally vertically aligned ball screw
assembly having the lift platform lifted to a traveling nut portion thereof. In another
embodiment, the lift mechanism may comprise a telescopic hydraulic cylinder having the
lift platform mounted to an upper end portion thereof, Substantially an entirety of the lift

25  mechanism may be housed within the transverse barrier structure.

The lift apparatus may further comprise at least one linear guide mounted to the
transverse barrier structure that stabilizes the lift platform as the lift platform is raised and
lowered by the lift mechanism.

The Iift platform of the lift apparatus may comprise a plurality of deck members

30  that nest between longitudinally extending fixed cargo tracks on the main deck of the

aircraft when the lift platform is in the lowered position, the deck segments being
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C Ont iners | o e&illaﬁ arglﬁqnéénqi)éggqngnse linear guides mounting the edges of the
plate members to the depending portions of the seat tracks.

The plurality of plate members of the cover apparatus may comprise first and
second sets of plate members that are selectively extensible from opposite sides of the
opening so as to meet proximate a middle area thereof. The cover apparatus may further

20  comprise cooperating channel and tongue members mounted on opposing distal ends of
the first and second sets of plate members, that meet to form a tongue-and-groove
engagement that supports extended ends of the plate members proximate the middle area
of the opening.

These and other features and advantages of the present invention will be more

25 fully appreicated from a reading of the following detailed description with reference to

the accompanying drawings.
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2012/ 054080PCTILI32i6 Blsidx0l@viBiod view, parthy [ culawasy, df ankrsvaplapesisdeft haviagVvi ew
of the fusel agfo section of FIG shoi\#'r%% the structure of the upper |obe

cargo ralkURPIEORECNES Syleny racedapqe.w PIgFenIngentiondpetylicd Barelew of the
forway d sectipii. of istaf@nirg &t fripeelivé View df the ma?}r? h%gflagg g?éﬁoﬁ)%?rﬁpé AkopafRar rier

that is installed between the cargo area and the usel age Section and
t he contefdilGardwithgbe skimeyfethy fissstage semoavednfer mlmﬂy,%oﬁvﬁr@t}mfpds?ﬁnﬁig theaf t ;
FIG 11 is a,perspective, cross-sectional view of a segnent of the main
fusel ageuPspgrctkPo(?nc BO (Spiely ARy Q‘fsf’ Fjapsement R?‘H@‘“?B%é’r 6RIBP H¥IRIBr REr d end
of the afusdlight, show ng the aft side of the barrier shown in FIG 8
and also the |ift apparatus of the upper |obe 10cargo systemthat is

nmount ed t her elflgi 3 is a perspective, longitudinal cross-sectional view of the aircraft fuselage

10 of FIG. 2, without the cargo containers loaded therein, showing the arrangement of the
decks and the cargo handling system therein in greater detail;

FIG. 4 is a perspective, transverse cross-sectional view of a segment of the
fuselage section of FIGS. 2-3, showing an exemplary cargo container loaded on the upper
lobe cargo rack of the system of the present invention;

15 FIG. 5 is a second cross-sectional perspective view of the fuselage segment of
FIG. 4, showing a second container positioned on the lower cargo deck in register with
the opening in the main deck through which containers are raised/lowered from/to the
lower level;

FIG. 6 is a transverse cross-sectional view of the fuselage segment of FIGS. 4-5,

20  showing the relationship of the upper lobe cargo rack of the present invention and its
supporting framework to the other decks and to the structure of the fuselage in greater
detail, and also showing exemplary containers loaded on all three levels;

FIGS. 7A-7B are corresponding, comparative half-cross-sectional views of the
aircraft fuselage of FIG. 1 in the original passenger-service configuration and after

25  installation of the cargo system of the present invention, respectively, showing the
manner in which pre-existing structure and attachment points of the fuselage are
employed for installation of the cargo system;

FIG. 8 is a transverse cross-sectional view of the fuselage segment as in

FIGS. 4-5, showing an upper load cargo rack in accordance with another embodiment of

30 the present invention;



FIG 12 is a second perspective, cross-sectional view of the fuselage
segnent of FIG 9, showi ng the positioning of containers on and bel ow the
lift appawetum/siosphe upper |obe cargo system shown in BCE&USH11/60GB78 13 is a
perspective, cross-sectional view of & segnent of the main fuselage 15

i ' f f FIG 1, at. ft end thereof and | ooking
Cover ds the faAGRPd® ErirBre PRsREcHLF i ofirijese etomal FI®: Sribenaps sm of

the upperth¢ @RRGHBLIheIPELILE LalghFadk BoRDE i QYRR QY t hat is nounted at an
af t eﬁg of the upper |obe car g?)rtgde%k for rg#%}éng/?omerl ng containers to and

fromthe suspdiffedOupperutaveaykplan view of tiel forwad sestion pé tispsiedraft @ \HIGW],
simlar t 1. 0of a fusel age barrjer 20i ncorporating a |lift apparatus
in accor g%‘gjengﬁ%ﬁx%mglggo%a"?ﬁggﬁi We’ﬁ‘?taﬁ?d i’ﬁ@”‘iﬂle@@n‘ia@%%ﬁﬁ pghthe main g g
15 is5a [fasetdpecdettioh Mh@Wh®tohthsl dnd $u ﬂﬁﬁﬂe@ﬁ&ssﬁaf:esﬂnGthelﬁbsgSs%@l%r?%?@hé rom
the barrier structure for purposes of illustfation; FIG 16 Is a partial
side el eH€idhal view of the |ift apparatus of FIG 15, showing 25t he

[ [ the:li verti.cal .gui des of .the ass ly in
areat er dot ai 110" TP is bipbrBRQGRP LSRRGS NER o) e RmE o p e ma tarlads 11
appar at uscaionfaf e didcra® bOWIGI1,1166kiE CVedrdé theViBiwdtdleh@ of d ARMAMR! shERATRET S
form ng the?geck of the |ift assenbly nest between the cargo rails of the

mai n deckh%dft sKdg ofjthe pagrier shown in FIG) 8 and gilsosthg ife apparafusl of pler upper lobe

per spgct icy, ozék%‘ﬂln(?lflatti@ﬁnog%?itl’?{ret@“d lift assenmbly of 30FIG 14, with the

platformo Ift asse y Towered so as to be nested between the cargo

rails of the WGnlZeck safont lperspectiventiosasedivaunview &fl the filsklagenepineat éhe
platfor %I(\J(Q,ZS &v%{n%St}A{g ggsl?tcljgéiggs % cjfolr{tz(i)i(r)lg'rzzg a?ld below the lift apparatus of the upper
lobe cargo system shown in FIG. 9;
FIG. 13 is a perspective, cross-sectional view of a segment of the main fuselage
15 section of the aircraft of FIG. 1, at an aft end thereof and looking towards the forward end
of the aircraft, showing a second lift mechanism of the upper lobe cargo system of the
present invention that is mounted at an aft end of the upper lobe cargo deck for
raising/lowering containers to and from the suspended upper rack;
FIG. 14 is a perspective view, similar to FIG. 11, of a fuselage barrier
20  incorporating a lift apparatus in accordance with a second embodiment of the present
invention;
FIG. 15 1s a perspective view of the lift apparatus of FIG. 14, separated from the
barrier structure for purposes of illustration;
FIG. 16 is a partial side elevational view of the lift apparatus of FIG. 15, showing
25  the relationship of the lift assembly and vertical guides of the assembly in greater detail;
FIG. 17 is a top plan view of the barrier and lift apparatus of FIG. 14, showing the
manner in which the horizontal members forming the deck of the lift assembly nest
between the cargo rails of the main deck of the aircraft.
FIG. 18 is an enlarged, partial perspective view of the barrier and lift assembly of

30 FIG. 14, with the platform of the lift assembly lowered so as to be nested between the

cargo rails of the main deck of the aircraft as shown in FIG. 17, showing the platform



edge gate dropped down into a cooperating cutout fornmed in the rails of the
deck so as to all ow passage of cargo containers onto/off of the platform
FIG 19 iwoaopassecti ve view of the barrier and |ift appanstus/oof77¢| GS.
14-18, showi ng the manner in which a gargo container is raised/|owered on

t he platform of the 5apparatus; FIG 20 is a partial, perspective

vi ew of edgeaptg dgepakdawn intefa copperating eutbut fofméd @ the raitshafithedeck 4d 4sttohol e

cover as ' dance with t es invention, that is formed of
a plural ?lf{/wggssgéa%%%)r@er&sm?ﬁé’?toé&gog{é’leé’&qfo\?@l’y ext ensi bl e from beneat h
the floor panBlG If is hperbpektivieovie@Ver the Rrdidrf indORR HipPsratus VTS tiie gover
assenbly retracted to 10t he open configuration; FIG 21 is a second
parti al , Shosrag e marneg i yhigh  gargo coataings is misaddaweredmnghe pdatforhoef g t he
lift dol ﬁ) GRYE: assenbly extended to the closed configuration; FI G
22 is a ;?per perspective view of the main deck and the lift hole cover

assenbljy of fEKel Za(gésf sqnzTriimln p@f—spEctthef Qi@\;]v o b hfubdiggd E?‘gﬁﬁ off theh&irdrafs &Jfage
renove ease .150f. . | stration of the cqver asse Yy, . FIG 23 is
a | oner é@'épgl&"i"% a\}_lfJELRPféfcotVﬁ"eaS&%‘Bklydﬂéc‘qu ncgayigh heusesent Bwaption, dhatp| G
22, showsFemhdieofr ﬁﬂ)lﬂ?dli}?ﬁ s PpRthelibersAffekS s&éctfv@@r &g&%‘iblﬁ?&%%ﬁﬂpﬁ% h:n

bel ow deck structure of  the seat tracks I n great et al

end vi ewledr panels of the detk tdeoar theeliy epafing, Iskowinigtthéi obeer asstniid g estragtedcto 20

covel, astfngrrbllg off Fl 20- 23, showi ng the manner in which the segnents of
SREETBINP U € s uppor t ed for | ongi tudi nal novenment from the

the Cove
bel ow deck siFi&. Qhagnedesofd phrtial, R&pebdRCHEw dNfle fuselage seftidh o2PIG 2@

partial, side cross-sectional view of the distal edges 0_19 opposi ng plate
mermber s HPWinEthe difidiole eevariapsemiily pxtasledo tikxclosedmmn figuriatien;cooper at i ng

S e Y T
assembly of fuselage section of FIG. 20, with the frames of the fuselage removed for ease
15 ofillustration of the cover assembly;
FIG. 23 is a lower perspective view of the deck and lift hole cover assembly of
FIG. 22, showing the relationship of the panels of the cover assembly to the below-deck
structure of the seat tracks in greater detail;
FIG. 24 is an end view of one side of the aft edge of the lift hole and associated
20 cover assembly of FIGS 20-23, showing the manner in which the segments of the cover
assembly are supported for longitudinal movement from the below-deck side channels of
the seat tracks; and
FIG. 25 is a partial, side cross-sectional view of the distal edges of opposing plate
members of the cover assembly of FIGS. 20-24, showing the cooperating tongue-and-

25  groove structure that aids in supporting the ends of the plate members when extended.



DETAI LED DESCRI PTI ON FIG 1 shows an exenplary aircraft 10 having an
upper | obe cargo systemin accordance with the present invention installed
t herei n. Wheoexamsbe shows a wi de body 5 aircraft ori gipoalusgoiconfrgur ed
for passenger service, specifically al0Boeing B-777, however it wll be
understood that the systemmay be installed in other suitable nodels and
types of aircraft. As is conVtrBAd DESCRIBTIONaft i ncl udes a nain

fusel age section 12, with a nose section 14 housing control and
supernunerary spaces at the forward end, an enpennage section 16 at the aft
end, and a wi Hg.skchown aﬁaexampMyiaﬂtt:mﬁmdi}ﬁtvelgl acapbérnlobelﬁrg‘bss}%edinbﬁ seen
vmthfurther refe and al s mai n fusel age

th
section ﬁoﬁdﬁﬂ?%ﬁég nlgeﬁprﬁﬁ’é F“WGBB%“ mytallad ﬂ?eé%@r Thﬁt%a%?le shepsaavidg bl@?)’t he
genersal | yrdp&tt bASIRAAY co ghrdLRf paden é? ser¥idel Ghedf allggch HAnglwdg@sons,

the main fusel age section Is typ| cafly noré-‘or - rlcai I N shape
over nosit vl bﬁtu@dtlehvgti Hhattthe systene nndydtﬁembtalla@m mlher smm)hadmbgtela aitd BgpebOX 26

t f d t ] | th

shel | oot AR ARs 2obuGiliol. PE Hralbineiites Sinaolischis graion esdth o |

circul arnosélsiét:ﬂldnkﬂmc hé\i’@ﬂ% @bnirGlr BRI SuptBimbAF Rphhte §tle3 fwaRMRhEDan t he
1 n

skin not bei ng shown G 2. The upper lobe, in turn, typically extends
subst antqrmqnyagwécmn 16 pethg aft enfl, anden wmgrﬁettnmel&g@r@ewmodlatednchtrbor ms the

mai ngpassenge r n rcraft that e con assenger
ser\r}l ce. ConséS S:g | Eéggg&ﬁgsfughgrcﬁggrgﬂc \ﬁé Jo 3 %ggn %é‘éad in
FIG 1, fae«m@ssmonhez lltmbﬁiesuibﬁpl?] & loppiZvabhd 1ywér R ,@2 fBhAtEoBpanat i vel y
smal | passenger, doors 34, while the fore and aft cargo areas are provi ded

with | argfacally fwrkapiehawingleck 3dp Fpnsiragturabiand qpsrationshresdense thomain ner s

far | ar r .deor The

| over | SRSl o sty BRay MU UIS PR aAC IR Ao e 80 Bhst 4R35 Tpntn, BE°

the | omdowbokm(berbemgv\mreﬂrupted byea abihg GOR 26 toefoira e rvldrd aing G fC &R hb M8 180,

Thua§ ndar di zed E,ar 0 cont aj ners 39 can be loaded into thé | ower holds
2t

> SORFEIHgRY in shel of they frselgge sentionris frrmedsby agereestafanare- 40 i n
FIG 1. d%—lédsf&rcﬁ&'?vﬁﬁ $ik 'Tra[n-ﬁi'é% fgﬁm%{?%%ﬁ%ﬁcﬂ tﬁpgk & isFhoisa, (e leqnt | ners
ower dec o0 the

to then be noved fromt or dec Re cargo areas

mai n dedicimgashoivit ineF o r2reThp apperiges, iatea, Bviicullgnext@ids sabQartiy, theJull
p to the main deck 24 al one,

di cat Fl Load
however (g S Gaspmg%%et&%%rq@aéﬁ%gﬁié.%wnopaweampanm n
unfill e(jiucra\thapar%/cgﬁﬂgl%QE &/ }H% y %ZZ 8C1)ilis%:q‘%n ag discis&d. a%é?gp lary

Boei ng B-777 aircraft, sone 18-20% of the tota e main fusel age
sec®Pon angdyast ¢ansbe serni in HHEI 1) eetessT tuetkpr emmntlobmwsampxmilypvmvorwesr mosy st em

that en S e to be . lar W th ddltlonal cont ai neri zed
car go, %ﬁl@%rgaﬁlgg 1Y npagﬁ?l%ﬁﬂg%d%‘?rf%gi §H99 th% € andha éaﬁﬂe?%arﬁlp@“ﬂe%nd

al so Fl GGth RBrge carfehayisdseIvaoBoH hat eaBRNb ak:EMﬁﬂleﬁ’t@ cBﬁf&‘iﬂeﬁjseﬁar "I’argi:istﬂgr?ded
rack 50 that 1s installed to forma third level in the main fuseélage

sect i on,coBl RSk Ehroughithei raseingendes wotwor Hbr The dowbelobk avadalse inrhedcoa nor e
FG 1. SRk singh oot 38 N AR oPlnenitet BEE reer Bt offfs HSRERHGEREY of o
ser 2&s aehrgorcangpaetheeat.beans 54 and
Thus, standardized cargo containers 39 can be loaded into the lower holds 30, 32
through hatches 36a, 36b in one or more rows, as indicated at 40 in FIG. 1. A lift
conversion, such as that noted above, allows the containers to then be moved from the
lower deck or decks of the cargo areas to the main deck 24 of the former passenger area
30  in one or more rows, as indicated at 42 in FIG. 1. Loading containers up to the main deck

24 alone, however, leaves the uppermost (overhead) portion of the upper lobe unfilled:



10 longitudinal rails or tracks 56 underlain by a |Iightweight horizontal

panel 52. The rack 50 is supported by a trusswork 60, that is preferably
const r uctwa 20f2/s4ser i es of |ightwei ght rods, preferablyprarnsogedoses as to
carry axial |oads only. Upwardly and ©Qutwardly angl ed suspension rods 62

are rmunFed to brackets 63 at_the outer sides or edges of rack 50, with the
out er (dfSt AP UL 2R Fx¢pRlancBeetng Br (i aipsafh goms s 2076 o ther tetad xoBimenef
attachmepe mdia fikdihédesti84 28-f or supporting overhead
st owage bi ns when the aitlr@crrg t@gr?ﬁag{%g@zeghggée gﬁeﬁ?rﬁdﬂyﬁqtf" PTOV{ES & owage

bi ns havsystenbémt enabloy éis ppaar tol be largelgl filkidi whh GldditivaaPvsitiassz&ogH0,Syst em
of the ppresent .invention...The angul ar relationship of the suspension rods

and ot hel"UgESAtY FuhanemeRificleieswor k 60 is sel ected to maintain

substanti al | yAt gn 5898ed A OCLRY AsPPIGES-ET AR st%%zoﬁtfh% §Pegg¥t§ta$%?h”em

point 64, as that 20 for which the frames were orfgina PR the

over headprovigamgeuspended rackaiQ thdt istinstaed hefosmenthinl keb@Sn (Rénfdn fiveiLle are

conpar at | i ews, .Q fusel age sect.ion 12 "before-and-after” installation
of the c%\rég%ﬁ/’s?@svtvl@ﬁf‘ Sadlﬁlﬂgae'pﬁa Oe?ﬂ“(%‘?‘ﬂ?féﬁf"i‘ BF\P?QCH%“I PR NBOKE BOVSSIPAsdPt i ng
the overfikakk & ri6n BPURE Spp@ RbE, ARNABRhteR Qt HyS; at Af ported
t he side_and cog(r:goerlrilne ovelr)%ead storage tgi gdstm%gg%t%g {Aﬁ‘gga@ér%eﬁéq i ns

havi ng 25(héerhs &y &8 isosuitehly eenviueiconl al ssnigs wift thatsherspasamsg®s andat i ng

66. nc : r r enabl es,the rai sed rack 50 to_be

i nstlgle I elgn%{% uatsl é%%mgfﬁgﬁl{%eﬁgﬁ%%% fagltnﬁ%ﬁeﬁfgph’ﬁeéghtgfﬁlzﬁmage me- £ Te Ta8Ks,
great | y ¥nhhangporgdibye wysnetlt 66aRRANYrcBérabl§Rohfttlctdd Gtd Qies AP 1igﬁt0ve‘?g%§see.”
wth furtHer refgiyence to FIG 6, the trusSswork 60 further inclfudes 30 side

rods 68 PASPIERPBIYATANRES 89 9S o eamyaaxial deadsonly rdpwendly 861 autwiandigrdgladd

upwar d ; i 6 e er, ends, of fhe side. rods
term na?éggé:e?%lg 2??/&%%8@%%2@8%%@}@26}% 8@%%’/‘%651‘? EH RIS Shewlt si de
surface thé outee (istd) agds s€ahé ods pr arhnbdige nidunteN & pededsty alth@nidise! age
fra SrréB . Wh(te‘{F thgy y b;grmunted to additional pre-existing bin

at t achmeftn$s ¢4 oFgEd o8 famgs 2840 sHpPORIng qQusHtad siowags binshuhdntbaritratigper r od
70 that igatiRess I ] n he.top of .t .russwor k
frane 60. T%e s?g}?ﬁ’ﬁgﬁt‘%‘rﬁg’r {hr%o(\sg%‘;%%fade}lﬁsdh@g/ 59 ﬁeg% 08’88;5’5‘105? IW?AQ{?]I‘?E'?'&Ck 50
to formod the gnerheadccarguisysiera afethe padskeyt imvation. aTkE ahgliOo&satRshipUT ed an

open interior. passage 72.. The horizontal |ower panel 52, in turn, acts as a
shear pandl®t'8 t?"?ﬁsﬁf& Of T e BSHTRE Y S&Fotrt‘??é"%ko@% igf selqsteds e pupiatadn r ack,

wher e f qubdt@ftiallthgsnmtt Badgeftdts sP@s ﬁraﬁfégt2|8:[ Wod&%ﬁaqﬁﬁ%e leb%llflt%f L §gg, shell .

and_al so_serves as a drip shield to channe q rairns that run to
t he 2Bel 197 Whichile fpmes afere onginglly stedwithabea overhBidGtovagntinlianalfddSAs 4- 5,

the interjqr Lhed.. t he quadrilateral framework i s
di mensi %%}ég)et sg;@%gﬂggpe 't@ﬁﬁe(‘,ewﬂv@lﬁresf%fﬂa%fﬁm"’zé(tP“f,saPE)B Flees sestiongl Bt

pr edet erhtfosdarsi-afeer” instalakivh @RS cargd§yshdh 8hihebREMRERVEM o, /5t top
bar 70 |<,6§ designed to be just sl kgh%ls;y hi gher e?ﬁan thg predet err?nsgﬁg hei ght
n

of the fupPREING the oygrhead ragk PAtmeunts dpastiachmiont peints téde thapformeiys of

the sideg iy rod.70, ds_selected tq.be just

Sl ght | 3 REEd T Fc aid pARHRE DRk € Balie ol oop 67 B oM QrS: e

suf 25 ci br¢n c¢avednfie the adnivemwidrhaelon@niih NAE HabRnBBY SedtiAB b6, Udizpale ghé hr ough
t he spaces 72h€fSi ncggt he corpers between the side rods 68a, 68b ahd top

rods 70 "APYYK IR 98Lenbles the raipekEck Hfmbernnstalied aush usersivith Swrfrece of

the fusekidg®y flahRs fand RWRhieRN ntai ners, essentially as
high in t P%egtupper S|a0be of tﬁlzt ﬂttglgg,kgljéﬂh)g eﬁllpa%cﬁl% 3 Akl économy of tHe
mstaltiation.

As can be seen with further reference to FIG. 6, the trusswork 60 further includes
30  side rods 68 that extend upwardly from attachment brackets 66 at inward and upward

angles to the suspension rods 62. The upper ends of the side rods terminate closely



20 fuselage as is possible given the width of the containers; the |ower
side of the rack 50, in turn, is positioned a height "h" (see FIG 6) above
t he mai n wecki2A%4dshat i s sufficient to acconmodat e one @CTMS2@ 1001938 Of
standardi zed containers 80, sized fori2zexanple to fit within the height of

t he under].ying cargo, conpartnents, During flight the containers are
restrai n@jda"f??%]él?eoﬁ‘d&nﬂi%e Afhibe fupelagensestian: armrémateothe Haneroedges i thal

and’ or | BAL! (ZReTPENAS: Bby ) O nbRFHERRINSH DR el WS A 2"t 20

of the general quadriat er 0ss-section 0O rame 60 is
to al | owfittings,smd tvdere thepard comhadtbe tb ahoriznt appergod 76 anargenioparplieani sti ng
or re-rout egove tilati onhducto% 76a, 76b g_nd other lines that are typically
i nst al | 4K RO ARL thab ans dhgjiop odthe trusspigaleframe 69e diesifle andiyppes fods G82nd  he
angl g of ' r t r dges
of rgck %%%Sfdg\??grggl gl\q}grlﬁglgg%?e%?lg%\éﬁg%%ﬁ%%gﬁ@ oégggﬁég%{lé;eg%qﬁl?[ﬁreﬁ
suspendedossessktiG0 andigniopen datesdr passg 7h Hh& hodizohtall fovedr] vk, iMGum,

2012/ 054080PCT/,US2011/.001778. 1 | 84 t |k the full I t h of
i 1 decRTo QRS AE] 40 LR ieD TR GEMOBIS fhemidss di the suspendeg ek’ Haje
|11 ust r afofe/0 ali IR dibEhifal FoEPRACEH: 16 (BI8E Fielagd Hell MaRICARS da0EEaM t D

anot her enbodi ment of the present invention. As can be seen, the storage
area 5 qrir yhrld gy chanack liguid indo drams hat runiterttiedrellyof theogiserafect i on to that of

t he {@mbodi nen§ . | t ' | GS.; 4+ nd_.sj.m. arl ositions.th

contlgi ners CI%SS(E%H gé%%egl @?%%{nﬁsﬁlgo f E";’gl gge{,heHB%é’\?gP?S?%%bggﬁﬂﬁ?‘ﬁl’% and
t he manrtae quadnithiced) franelBorkrie dimshdionidt ®bd able tbhecdive al AsRlaaligeds o4rpyhat
different in the enbodi nent shown in FIGS. 8-9. As can be seen in FIGS.

8-9, theopkMer {4« ppedetesmined sigm shnynasticadarptheseight betwesh therack ivandttop

U- shape rRYTES fiar . t,each fusel age frane, 28 .over the
| ength g%afrt he f&%%ggeéjgl&?r?%vﬁl? {c%h%{y trhgéf?zatlsl%nen%f >P r?cgetefrﬁlé?ezgl gg‘&hgﬁgct ®rack
franme 152ntanersidéswhile tis Mieranspbihgt baiveax tirNa@sHeh @hidZ ot tie 264068 at he

fusel.age, when the frame.is installed, with a suspension beam 156 extending
A u&&g?leé] Bnderotadndh é seiented (ocbegust ightly eraptardhan the nredetesmineshwidth at

each endf uRPESREREs OWith SRERAGR TR arknte & f1dw tHeWoRtainers to move longitudinally
through the spaces 72. Since the corners between the side rods 68a, 68b and top rods 70
are themselves located closely adjacent the top inside surface of the fuselage, the
framework and deck hold the containers essentially as high in the upper lobe of the
20  fuselage as is possible given the width of the containers; the lower side of the rack 50, in
turn, is positioned a height “h” (see FIG. 6) above the main deck 24 that is sufficient to
accommodate one or more rows of standardized containers 80, sized for example to fit
within the height of the underlying cargo compartments. During flight the containers are
restrained by stops and/or other fittings attached to the longitudinal and/or lateral

25  members 54, 56 of the suspended rack.

A further advantage of the generally quadrilateral cross-section of the trusswork
frame 60 is to allow the system to be installed while leaving clearance for preexisting or
re-routed ventilation ducts 76a, 76b and other lines that are typically installed in the
upper sides of the fuselage section. Still further, the angle of the suspension rods 62,

30 upwardly and outwardly from the edges of rack 50, provides overhead clearance at the

outboard sides of the suspended rack 50, as indicated at 82 in FIG. 6, thus allowing



15 mounted to the upper, outboard ends of the upwardly extendi ng suspension
beans, in a sonmewhat T-shaped configuration. The angle in which the
spreader weanr/bs5Boare nounted to the suspensi on beans PsTASR@avert7such
that the two ends of the spreader beards extend upwardl y-inwardly and
downwar dl y-outwardly fromthe suspension beans to |ocations that are

posi t i ondSHEREEALe Yaly Biei it length of main dleaky@4 fwithaut daving o skropperdiunched 20
embodi megythat is illustrated, the upper ends of the spreader beans extend
at an upward and inward angl e of about 120 to the suspension beans, while
the | ower endBlGt&fdlladtrate dowpper hbardsgentied rstkange@bbf 1 Fbabc&Rdarct W | |
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the rack system,; in those instances where the fuselage being converted does not include
pre-existing mounting points for overhead bins at each frame 28 (e.g., where the
mounting points are provided at every other frame), corresponding attachment points can
25  be formed on the intermediate frames using a jig or other suitable mechanism. Similar to
the embodiment described above, a panel or series of panels 168 is mounted to the lower,
horizontal beam members 154 of the frames over the length of the rack to form an
integrated assembly, both for purposes of rigidity and strength and to prevent excessive
fore-aft movement of the assembly. Longitudinal roller tracks 170 are in turn installed
30 over the tops of the horizontal beams 154 to support movement of containers thereover in

a manner also similar to the embodiment described above.
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provides rigidity and support to the tines while raising/lowering the
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mecRAni spanNAObANESSE5H08 (PEIE/ diShe Hideliyt ABnd 28 in compression while the cables
184 resist outward loads in tension, thus maintaining the generally circular form of the
frames 28 and thereby avoiding inward/outward bowing of the upper fuselage due to the
loads carried on the upper lobe rack.
In order to raise containers 74 from main deck 24 to the suspended rack 50,
25 forward and aft lift assemblies 90, 92 are located at opposite ends of the fuselage
section 12. As can be better seen in FIGS. 11 and 13, each of the lift mechanisms 90, 92
in the embodiment illustrated therein includes a lift fork assembly 94 made up of a series
of projecting, longitudinally extending tines 96 supported on a triangular frame
constructed of a horizontal bar 98, a vertical center post 100, and angled bars 102a, 102b

30  that connect the ends of the main horizontal bar 98 to the top of the center post 100. The

forks 94 are sized to fit under the containers 74 over substantially all or most of the
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in general, consequentl|y. Zrilqcor orating the lift apparatus into the
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savings in terns of weight and space. the term
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which may be of a type referred to as “9G Bulkhead,” is manditorily installed in aircraft
configured for cargo transport operations, and is intended to protect the control and
supernumerary spaces 132, 134 in the nose section from cargo shifting forward in the

30  event of a hard landing or other accident. Bulkhead 130 is therefore usually a relatively

sturdy structure, and utilizing it as an attachment/support for the forward lift mechanism
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230. Angled brace rods 232 7in turn extend between the upper ends of the
verti calcampaheld ;inde hfed sto2fi® amain tdeek dhsnugh epetings 180ebhahé dowenlliff r ane
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extent desired with the lowermost rows 40 of containers, so that ultimately substantially
all of the available volume in the fuselage section is filled with containers. Unloading
can be performed in a substantially reverse sequence.

30 FIGS. 14-19 illustrate a lift apparatus 190 in accordance with another embodiment

of the present invention, that serves to raise/lower cargo to/from the upper lobe storage
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Thus, ai) is shown in FIG 19, lift assenbly rovides a rigi I
st abi | i 2edsdneuited ptethe gierticgl sunetjomnbletiveor thenoptwardypaneda t9¥aals and Gobiasd ner

174, to p@ﬁ@s iéﬁ%,aa'ﬂdlﬁps%%nd set 204a-b being mounted as a pair at the centerline junction
25  between the inboard barrier sections 198a-b. The linear guide rods 202a-b and 204a-b

are “off-the-shelf” items available from numerous suppliers, and are supported over their

lengths by the structure of barrier 192, which will be described in greater detail below.

The platform 200 of the assembly includes guide collars 206 mounted in upper and lower

pairs, that engage each of the linear guide rods for vertical movement thereon. A ball nut

30 assembly 210 vertically mounted at the junction between the inboard barrier sections

298a-b, at a centerline position intermediate the inboard pair of linear guides 204a-b,



25 | obe storage area in an efficient and safe manner, as indicated by arrow
256. Moreover, since the drive and gui de conponents of the assenbly are
housed wiwbi2nizdseosont eri or of the barrier 192 cargo contairruses/ipead77et s on
the main deck can be | oaded fully up ®o the rearward side of the bul khead,
consequently there is no |oss of interior volune/capacity owmng to the i ft
mechani s#Rvesihe ﬁgrmlgt,fgm 2@ upwaedly/dewnwarddy bpan¢ass of aj tsam:llng nuhenig2per

Jorevel 6RR BEIMARATAIY ot PbOYR DT B fd\6d Lidn BLAGE A Tdur T N9

flight, thus maxi m zing usage o

PCT/ US2 Ollelihﬁg QTsﬂhH\@th&fuﬁ)éﬁﬁﬂﬁted oHJa frd?ﬁH' pu&mtm is71718um mounted\fo theS
noted wt the enmhodi.ment described above, the lift nechani sm of the
enmbodi e ag seglions 4l 98g-hrpuitableha)l screw asperabligsiate rigain avatlblapper

| obe 5st0f@,g% ‘r,@gllgﬁ g sed with other types of
st orage srtrugtures glzermkﬁf\krf?g(gﬁ]&g§£l§g %ig@é(‘faggmghow in greater detail

t he internal As$cacbeseEnofith fiathen Irkﬂeemde 1PPI@I 1S land alsbus tFIGt e6 tasledament .

As can bﬁms t her ej.n, ..each 0‘1[1 t he bul kh ad sectlons 194a-b and 198a-b is
formed d gﬂa\[)\é?cc?wa?nh’ Califeqs Sfles ?80"’0% BuYRrecRl (RS HE wpner Fed lopver
verti calhdorantl, 2bths e @scdfraine rh&hherd 292 92211: of thg hfﬂ"ﬁia%}mszto%ucfﬁér l?ppe% gﬁ%upper

edges of the panel s being curved to follow the terior contour
f usel agéoyﬁﬁhqn?@nraémnt@ag@rgJotnec_itbytyertwgl freme mml}ers 226, sphets to oeaxdifads m t o

th t th t t f
e 1% Tnbilly 2l SuREAUR, b AR ot il i nd Bo imee etbriBe  uet od
usi ng | isgltwre Mﬂhabhrrmit Hotigbntalli4ms RREDrIBIVER tf'?@m@ﬁé]ﬁ)lvx%r 2R %ﬁtﬁg and

i ntermedi ate the beans 264 are preferably filled with a |ightwel ght
mat er i alVersal frame; pembees QR0 tal form thaedass of domdgckui i lffbplaefasn, i joint

the s unce et e B8hic @ ngridhu it Bfnctichone Shrendiaed g
194b- 198830. virigied bracy eydsi 332! in uind&GendOnktw BerDie Np B & the vidigaldkimedges

t hereof. The Erirrar | oads of the lift machanlsm are therefore transmtted
to HeandnIBRers 32¢and the disfak ends of thecharizoateh femganembers 28] the daint betewhmt

t hrough tﬁ@%ﬁ&?ﬁﬁc%%d%@%rﬁlepageﬁnBeiﬂgjsgérpétﬂ&eg%lykgrb%& p?a?&%t. s. The

secondary _
The distal ends of the two side frame members 228 are joined by a second

transverse horizontal frame member 236 that extends generally parallel to the first

horizontal frame member 224 and forms the edge of the deck of the lift platform 206.

20 The deck itself is defined by a series of comparatively wide roller deck segments 238

that, as will be described in greater detail below, nest between the fixed tracks of the

main deck of the aircraft for transfer of cargo onto and off of the deck of the lift platform.

The angled stay members 232 thus cooperate with the horizontal frame members 228,

236 and 224 to support the elements of the deck under the loads of the containers/cargo

25  carried thereon. The platform assembly is preferably further strengthened by a shear

panel (not shown for ease of illustration) mounted over the vertical and horizontal
members 226, 222, 224 at the back of the lift platform.

As noted above, and as can better be seen in FIGS. 17-18, the roller deck

segments 238 of the deck of the lift platform nest between and are level with the fixed

30  cargo tracks 240 on the main deck of the aircraft when the platform is in the lowered

position. Additional horizontal deck segments 242 including cargo rollers are mounted
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channel rtj t ha ecei ve cooperating fl ange portions (not shown)
on the é’zéa%'te s%cpﬁatﬁggﬁolng\?/% tt{\eeﬁ?talflﬁg?"?’otﬁﬂte‘%ﬁt ‘téﬂnai) Reldysandkstrengtleh. As
i s char agtiest fetdes tentitig ©XaAWWist ihd 17 BRI 0., Bud ?Jofflcgﬁtefiﬁﬂﬁgfdi ng portions
of the seat tracks 276 further include outwardly facing [ ower channel

portions 208dhusgtsis shawniad Gy 1Aokift assermtily PP erofileng eigihrwelbstabilized
structure for raising and lowering cargo, such as a container 174, to and from an upper

25  lobe storage area in an efficient and safe manner, as indicated by arrow 256. Moreover,
since the drive and guide components of the assembly are housed within the interior of

the barrier 192 cargo containers/pallets on the main deck can be loaded fully up to the

rearward side of the bulkhead, consequently there is no loss of interior volume/capacity

owing to the lift mechanism. Furthermore, the final container/pallet raised to the upper

30  level can remain safely in place on the deck of the lift platform during flight, thus

maximizing usage of the upper lobe volume as well.
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under | yi.ng ca&&g?ffonpartnents._ The first set of the plate nenbers 272 is
i nstal | if 1986 48ngilightey weight matesikk  The ssheces detvagen thd ganels 260 262 n

deck opepi : i r I et .o l.a menbers 2 IS

install gagﬁggﬁemﬁggcga%ls% gglgt%?r £ar§aggfé?albr)ﬁgﬁfciﬂl&bgdléﬁﬁ%‘g%@ammm&gﬂ' hus

mount ed,lightvecightatlenimerbiorsey2didb) RRkhaoLesebelusiaion ©xbeSRva. e i nto and
in the directions indicated by

: retrsctable fw.th openj ng 140 i ons
douBPe- ended AffdtioRabysrtical bgams 204 arprgunsd: atthietunctions briwetn therhsbardr e
SUPPOT t @fld i iAbchrd 3ahkls EMA. by Qv aes, at:the e_ends
fromthe seat rail channellrs%ggag{.d H%ta(rj%bf ?Jgkh E%%U%rglﬁakéuld%ﬁgg%-ﬁaﬁ%n&l G
25, t he nipustes) toghel sfteidgepivsiofy Thaiprenay l6dde ofltles R REMEAISM2H tharéfbré NCl ude

T T N e
o hol d 1 he- et endbn: paact ear B0 A6 ARIARE tuihAE LbBfE! T ey "' P
t hef@overticanguidesa 204a-b ofidhe bald)serepi asemblyeare becated proximate the edges of a
gap 266 formed between the panels 262 of the inboard barrier segments 198a-b, where
the latter meet proximate the centerline of the aircraft with vertical beams flanking the
ball screw assembly, accommodating vertical movement of the connection between the
traveling nut of the ball screw assembly and the platform 200 of the lift apparatus.
25 The bulkhead structure described above provides significant advantages in terms
of low weight and effective transmission of loads from the lift mechanism into the body
of the aircraft, however, it will be understood that the lift mechanism may also be used
with forms of bulkhead construction in addition to that which is shown, e.g., with
bulkheads having other types of cores.
30 As noted above, in the illustrated embodiment the platform 142 of the lower deck

lift mechanism stows in a raised position, level with the main deck 24 of the fuselage (see
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el ongate pieces nounted across the ends of their respective sets of plate
menber s swWOae140544s80i n t he sets of pl at2 menber s toget hePCrar2ommerrent as a
single unit. Accordingly, when both sets of panel nenbers are extended to
meet at the middle of the opening, as shown in FIG 21, they forma
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up of a plurality of substantially parallel, longitudinally extending plate members 272,
274. Each of the plate members 272, 274 in the illustrated embodiment has a length

10 approximately equal to or greater than one-half the fore-aft dimension of the opening
270, so that when longitudinally extended the combined span fully covers the opening as
shown in FIG. 21.  Each of the panel members comprises an elongate, generally
rectangular panel, suitably constructed of a corrugated alloy or composite sheet
sandwiched between horizontal upper and lower panels to give adequate strength/rigidity

15 to support the weight of one or more personnel.

As can be seen with further reference to FIGS. 23 and 24, the edges of the plate
members 270, 272 are supported in rolling engagement with cooperating portions of
preexisting longitudinally extending seat tracks 276. The extending seat tracks are
installed in the main deck of the fuselage section as part of the original passenger

20  configuration, and as can be seen in FIG. 24 they include upwardly facing channel

portions 278 that receive cooperating flange portions (not shown) on the seats, that allow

the latter to be mounted at the desired pitch. As is characteristic, for example, in a

Boeing B-777, the depending portions of the seat tracks 276 further include outwardly

facing lower channel portions 208a, 280b, defined by horizontal upper flange portions

25 282 in conjunction with horizontal lower flange portions 284 having raised outer lips. As

can be seen in FIG. 24, the edges of rigid floor panels 286 rest on and are supported by

the horizontal upper flanges 282 of the seat tracks, with the panels 286 spanning the gaps
between adjoining seat tracks 274 to form the floor of the main deck 24.

The edges of the plate members 272, 274 are in turn supported from the

30 underfloor portions of the seat tracks 276, by guides that allow the plate member to be

selectively extended/retracted in a linear direction. For example, in the preferred
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a diameter sized just slightly less than the height between the horizontal flanges 282, 284
so as to form a rolling engagement with the channels.

10 The plate members 272, 274 of the cover are thus supported parallel to and
immediately below the floor panels 286, above the transverse beams 290 of the main
deck 24 and over the underlying cargo compartments. The first set of the plate members
272 1s installed between adjoining seat tracks at the forward edge of the main deck
opening 140, while the corresponding set of plate members 274 is installed between the

15  seat tracks at the rearward edge 186.

Thus mounted, the plate members 272, 274 are selectively extensible into and
retractable from the opening 140, in the directions indicated by double-ended arrow 292
in FIG. 22. When extended, the panel members are supported in a cantilever manner by
the roller guides at their base ends from the seat rail channels 276. In addition, as can be

20 seen in FIG. 25, the distal ends of opposing pairs of the plate members 272, 274 include
horizontally aligned channel pieces 294 and cooperating tongue pieces 296, that interfit
in a tongue-and-groove manner when the plate members meet proximate the middle of
the opening to provide additional rigidity and help to hold the extended panel members
flat under the weight of a person thereover. The channel and tongue pieces may be

25  mounted to the plate members 272, 274 individually, or they may be elongate pieces
mounted across the ends of their respective sets of plate members so as to Jjoin the sets of
plate members together for movement as a single unit.

Accordingly, when both sets of panel members are extended to meet at the middle
of the opening, as shown in FIG. 21, they form a continuous, substantially rigid cover

30 over which personnel can safely pass. Then, when desired, the panel members can be

retracted into their respective edges of opening 140, to permit the lift to raise/lower



of cargo containers on said rack assenbl yP&oIJS2011/001778 at
| east one cargo rail extending generally longitudinally across a plurality
250f sai dwbawexosissame nermbers of a pl-ddal ity of said ra®kTfusanes01778 5.
The apparatus of claim4, wherein said rack assenbly further conprises:

means for supporti sajd rd ext endi ng suspensi on beans of said rack
franes f?%‘i@‘ﬁ%@llﬁé}g{quﬁ af‘gg‘b\,\g]@%lb%ﬁww theraweat desenbedsabayes Extensioamed of
30sai d fueetRge eIV Q 4 PREPA R > 1/ Q01778
6. The appar_tat uganofB g(ﬁegi% rghgéé‘ WheF7ﬂ§3’n%gﬂoi%d’gxr%%{é1 nesg%ar S%lugﬁlgﬂ})eorE ﬁx%éﬁ%aglljyd 2
upwar dl yelestrieali-ongrated peabismpemimase pheesdide wai (PDWLfor bxanpls. f r om sai d
pre-existing Ju e bin.attachnment i Nnt.s conprlses: .. at |east
one pi vot abl eft Ilslg%)k nrgﬁ%%}’zﬁdn@@rm‘?%gﬁ?rﬁbo%“!.?bib%?at‘gﬂ% anVOééé‘llft‘BFSj Bayi d
suspensi kninbedmcAeiRkehe donsPitRiods afd@iaftaRi@ndd 8f pitts AdstAG B YveRRiR ON

said frame of said fuselage.
departing from the spirit or ambit of the present invention.



7. The apparatus of claim6, wherein sai dPQTlU&ZO'MéOQﬂ\ZYt&bI e link

menber conprises: 10a pivotable link nenber aligned to transmt |oads from
sai d frameoah12a&it@or ack assenbly to s&5d franme of said fPaFalsage/odr7a
general |y radi al di rection. 8. The rack assenbly of claim7, wherein
said franes of said rack assenbly further conprise: 15crossbeam rrenbers
nount ed W’%BII%C&M Bdds of said suspensi on beam nenbers and havi ng upper
and | ower ends; sai d upper and | ower ends of said crossbeam nenbers
bei ng attached by said pivotable Iink nenbers to said pre-existing

attachment pol.nts Anapperamb feadatryingomgdiranediforait, said dpphtdfr! Reprisiig:
9. The apparatus of ckal m 6, further conprisi @’% at least one rigid
bar mount ed t r ansveFask assemtly sounted i unpeEPHT of aifusolaceraf seid ajrareft sasel age

abovg said stzgrtgg@ﬁ@ggggarg spatedn aﬂgbgé}%sg{@@@o?oanﬂm d said frane agai nst

bowi ng i nwardly under ds exerte rack assenbly; and 25 at | east
one tension cabl e medrsr ctbnneuppcmgn@aah pbirakigi dofupsegdll yoainersdi iganged
suspensi on bglam%egrs(@?lrs tog frane of. said fuselage.to hold sald frame
from bowi ng odtf e\‘jyuﬂ{‘d%ql BEPSSIly vathip said fareq AR iy s3d pppst lobe of 10,
The appar at ussaff aiedrat.m 6, V\/ner ein said rack assenbly extends
30substantially a full length of a main fusel age section of said aircraft.

10 2. The apparatus of claim 1, wherein said rack assembly comprises:
a plurality of transverse rack frames mounted at intervals to frames of said

fuselage of said aircraft.

3. The apparatus of claim 2, wherein said transverse rack frames each
15 comprise:
a lower frame member that extends substantially horizontally to form a
lower side of said cargo area; and
first and second suspension frame members that extend generally
upwardly from said horizontal frame member towards locations on said frame of

20 said fuselage from which said rack assembly is suspended.

4. The apparatus of claim 3, wherein said means for supporting said plurality
of cargo containers on said rack assembly comprises:
at least one cargo rail extending generally longitudinally across a plurality

25 of said lower frame members of a plurality of said rack frames.

5. The apparatus of claim 4, wherein said rack assembly further comprises:
means for supporting said upwardly extending suspension beams of said

rack frames from pre-existing luggage bin attachment points on said frames of

30 said fuselage.



PCT/ US2011/ 001778 WD 2012/ 054080 - 27 - PAPCQEMdSRWH1/001778 11, A 1ift
apparatus for raising and | owering cargo contai ners between a main deck of
an aircravo 2arxhsa088t or age area in an -@dper | obe of a fupelrageoiofowas d
aircraft, said |ift apparatus conprising: a lift platformfor supporting
cargo thereon, 5amtéft nechani§n1fpr selectively raising and | owering said
lift platfornbet wbBh PRAER0H Haidk Bf Wheieln sridcmgans swpertiggoszide ar ea
in said HRPE | ' NTSTIR:Te T2} - sverse barrier
structure inalsyae?((?lleer\1 fd gisgeslﬁlg%ée%iaw ng sg?lg&?ioff £ al%%ﬂ(afﬁ?ng?ns %‘{’)ﬁ% ledca)prf3 ﬁ’é‘%sglf’ 8 so

t hat | oadldggagedrin eitadhynenspdints doimppises:f orm on said |ift mechani sm 10are

supported by said barrier stru re. 12, The lift apparatus of claim 11,
wherein said lift ?faﬁ‘ﬁém‘%mve@??%eru‘i@%@?méefg'@%?%m?quﬁlRP&rr:s;d af eaghed bal |

screw assenmbl gaid anbgkiSe [ ted : ' ortion
Ther sof 15 Sd SpEaGTbEkh hémBLgts SRETRHE R ckilifle sl T Bl o0}
mechani sm comgtd Bewme of said fusglagel escopi ¢ hydraulic cylinder having said lift
pl atform nounted to an upper end portion thereof. 2014. The |ift apparatus
of claim1ll, wherein substantially an entirety of said lift

7. The apparatus of claim 6, wherein said at least one pivotable link member
comprises:
10 a pivotable link member aligned to transmit loads from said frame of said

rack assembly to said frame of said fuselage in a generally radial direction.

8. The rack assembly of claim 7, wherein said frames of said rack assembly
further comprise:
15 crossbeam members mounted to said upper ends of said suspension beam
members and having upper and lower ends;
said upper and lower ends of said crossbeam members being attached by
said pivotable link members to said pre-existing attachment points on one of said

frame members of said fuselage.

20
9. The apparatus of claim 6, further comprising:
at least one rigid bar mounted transversely across an upper end of said
frame of said fuselage above said storage area of said rack assembly to hold said
frame against bowing inwardly under loads exerted by said rack assembly; and
25 at least one tension cable interconnecting each of said upwardly extending

suspension beam members to said frame of said fuselage to hold said frame from

bowing outwardly under loads exerted by said rack assembly.

10. The apparatus of claim 6, wherein said rack assembly extends

30  substantially a full length of a main fuselage section of said aircraft.



mechani smis housed within said transver sSBGRUS2044/00d74 78 15. The 1ift

apparatus of claim 11, further conprising: at | east one |inear
gui de nouwwoeditms4as8ai d transver se barr-i2r- structure that PeFatsamitlodves sai d
lift platformas said |ift platformis raised and | owered by said |ift

mechani sm 16, The |ift apparatus of claim 11, wherein said |ift platform
conpri ses: 1.7 "A ]‘f{ appapr)gt“&f%] rgisHlg angd loveriag kangerfoatainerhbetwieers 8 i@t ween

| ongi t udjdapl | | r 9o ) ai.d majn.deck of said
i or af £ RGP N e B H0ubpeP 1% O BBbReT B € Rl ek
segnent slibepprgatysibernpmdingl |y | evel with said fixed PCT/ US2011/ 001778 WO
2012/ 054080 - 28 -PEI/US2011/ 001778, cargo tracks when said Iift platform
is in said | overed® pBSIA1H ‘0bSHRPRrtingcagee thsregBi e to transiti OP e
hori zontal | y bet wegmifSaj j: L %gg : i fowRbiah f QM 5 [
apparatus. 517.The lift eg}ﬁ%{éﬁ%{s% étcl:l | r@%é,g_%iero&gn ag’%ﬁﬁu}? ﬁf}'l!mf"f/ of
sai d deck sedrmivieen sid maindddckfaf spidatifoerfnarebeapd steeige area in said uppef Rbetoy Of
substanti al | ysap(pfuiségget,%hddeck segnents having cargo rollers nounted
t her eon. ’

a transverse barrier structure in said fuselage having said lift mechanism

mounted thereto so that loads exerted by said lift platform on said lift mechanism

10 are supported by said barrier structure.

12. The lift apparatus of claim 11, wherein said lift mechanism comprises:
a generally vertically aligned ball screw assembly having said lift platform

mounted to a traveling nut portion thereof,

15
13. Thelift apparatus of claim 11, wherein said lift mechanism comprises:
a telescopic hydraulic cylinder having said lift platform mounted to an
upper end portion thereof.
20 14. The 1ift apparatus of claim 11, wherein substantially an entirety of said lift
mechanism is housed within said transverse barrier structure.
15. The lift apparatus of claim 11, further comprising:
at least one linear guide mounted to said transverse barrier structure that
25 stabilizes said lift platform as said lift platform is raised and lowered by said lift
mechanism.
16. The lift apparatus of claim 11, wherein said lift platform comprises:
a plurality of deck members that nest between longitudinally extending
30 fixed cargo tracks on said main deck of said aircraft when said lift platformisina

lowered position, said deck segments being substantially level with said fixed



1018. The |ift apparatus of claim 16, wherBGTHIS20t3/004d78ts of said

lift platformconprise: a plurality of substantially horizontal tine
mermbers. W02012/054080 19. The |ift appd8tus of clai m 11pCcwuseeilnosas d
transverse barrier structure 15conpri ses: a pro]E ect!\d/e barri fe{

instal | ed between a personnel area and a cargo area of said aircraft.

20. A cover 589 HRekS WHEn spigshiih glatfosmr ig dn spignlomgredhpesitiert ko diat @argsi iscr af t

said 20 cover k - LSLAg] ' f., subst anti.al hori.zont al
pl ate nember sa@gﬁg n%gmogq}gﬁ%g@h%gﬁ%e?é%ﬁs5;6%%??1}%%“4_5%aﬁ%}l‘tfﬁa‘aﬁfgme° ges of
sai d pl ate nes#ixkhf appamtuporti ons of seat tracks dependi ng bel ow said main
deck so that said plate menmbers are selectively extensible across said
cargo opening. 25 21. The cover apparatus of claim 20, wherein said

gui dg mechani gYs  CORPIIfE Gipparatus of|él£ﬁ]arl69%}fé?§an?d‘l*@tﬂlp&li?ezioq ?e\d,%eéecﬁf said
plate nmenbers to said depending portions of sard seat” tracks.

. 2012/ 05480Pus pfisad 11ty pletfdmd comprise:

a plurality of substantially horizontal deck segments having cargo rollers

mounted thereon.

10 18. The lift apparatus of claim 16, wherein said deck segments of said lift
platform comprise:

a plurality of substantially horizontal tine members.

19. The lift apparatus of claim 11, wherein said transverse barrier structure
15  comprises:
a protective barrier installed between a personnel area and a cargo area of

said aircraft.

20. A cover apparatus for closing a cargo opening in a deck of an aircraft, said
20 cover apparatus comprising;
a plurality of substantially horizontal plate members; and
guide mechanisms supporting longitudinal edges of said plate members
from portions of seat tracks depending below said main deck so that said plate
members are selectively extensible across said cargo opening.
25
21. The cover apparatus of claim 20, wherein said guide mechanisms
comprise:
linear guides mounting said edges of said plate members to said depending
portions of said seat tracks.
30




29 22. The cover apparatus of claim 20, wherein said plurality of

pl ate nmenbers conpri se: first and second sets of said plate
menber s twatomreE4asel ecti vel y extensi bl e from opposite e@#gedsed1dai7ds openi ng
so as to neet proximate a m ddl e area95t her eof . 23. The cover

apparatus of claim?22, further conPri Si ng: cooperating channel and tongue
nenbers nmount €d- on BISFOIEhepparaiuupt claim 20, wherewnsisd plusalityl of iplas¢ nembesecond
sets of %ﬁ]})gsgenbers, that nmeet to forma tongue- 10and-groove engagenent
t hat supports extended ends of said plate menbers proximte said mddle
area of sai d openi figst and second sets of said plate members that are selectively extensible

from opposite edges of said opening so as to meet proximate a middle area

5 thereof.

23.  The cover apparatus of claim 22, further comprising:
cooperating channel and tongue members mounted on opposing distal
endsof said first and second sets of plate members, that meet to form a tongue-
10 and-groove engagement that supports extended ends of said plate members

proximate said middle area of said opening.



