PCT/EP2006/012371 LIFTING SYSTEM The invention relates to a lifting

system for lifting loads with a lift that can be positioned underneath the

load. The load to be lifted can be an airplane, in particular, an airplane to

be recovered following an accident. Airplanes involved in accidents

during takeoff or landing, for example, airplanes rolling off the runway can
PCT/EReiMdaiste to their landing gear, wherein one or more parts of the

landing gear can become bent or can break off, so that the airplane

comes to rest at an angle with one wing on the ground. For recovering

the airplane, the airplane must be lifted on the lowered side, so that the

_defective landing gear is acdelSSieGi8 YRIGEN bring the airplane into a

transportable state. In the lifted position, repairs to the damaged landing

gear can possibly be performed or if the landing gear is not extended,
The i attempts Hcan be made. to extend the landing gear. Independent of the N
© ‘“"&&%ﬂdﬁé‘? RS AR e dUERE S TiftWe A diiiREa e dsringth inthfh Busiven, bn positioned
undermneMigheiig&an roll itself or can be towed or a recovery vehicle can be

brought underneath the airplane. It is known to use inflatable air cushions

as lifts for lifting the airplane, wherein the air cushions are placed at

positions set by the manufacturer of the airplane. Due to the limited side
The loadtthhieyldtedhese raushidnss, dnlyp atietdsively sinaldiftiobBeidiat efedoblowing an
acci demexggggle, 80.cm, ‘ig,eﬁqssible, In practice, however, lifting heights of _

VBRSPSt Do 285y dyaRsleked. an landing, for example, airplanes

rolling off the runway can have damage to their landing gear, wherein one or more parts of the
landing gear can become bent or can break off, so that the airplane comes to rest at an angle with

one wing on the ground.

For recovering the airplane, the airplane must be lifted on the lowered side, so that the defective
landing gear is accessible, in order to bring the airplane into a transportable state. - It the lifted -
position, repairs to the damaged landing gear can possibly be performed or if the landing gear is
not extended, attempts can be made to extend the landing gear. Independent of the damage, it is
necessary to lift the airplane and bring it into a position, in which it can roll itself or can be

towed or a recovery vehicle can be brought underneath the airplane.

It is known to use inflatable air cushions as lifts for hiting the éirplane, wherein the air cushions
are placed at positions set by the manufacturer of the airplane. Due to the limited side stability of
these air cushions, only a relatively small lifiing height of, for exarnple, 80 ¢m, is possible. In

practice, however, lifting heights of several meters are necessary, for example, 6 m.



PCT/EP2006/012371 Accordingly, the use of such air cushions is
associated with considerable problems. After reaching the maximum lift of
the air cushion, it is necessary to support the airplane in this position, to
bleed the air out of the air cushion, to prop up the air cushion, and then to
lift the airplane by another 80 cm by inflating the air cushion. Three-leg
' | re placed at given airplane receiving points, can be used for
PCT/EP%%%%)QWtﬁe intermediate lift position. Thus, for large lifting heights a
considerable expenditure of time is hecessary |n addition to theglgrobl

Aceordigearli e e 8t i SHISNO Rty SERBITh S PBPOTAG Cuapeb em. Afer

reachin%Bﬁl%a&%gti%ﬁn{%ﬁo& apd lapding fanwaysisaleeked for igdimereouiitdne in this

or recovering the airplane involved 1n an accident, under some
positionCiis blasianeesiconsisierabldcosibiane inguedisl tiecteinthshainplamdshen to lift the
being blocked from taking off and landing. The time factor thus plays a

airplane ducisivtiep ) TROYHRRSIhHEIHrRERARIn MR IR I crEu RiRdgped at given
. system with.a lift, with whigh lo ' icular. air involved in
alrplaneé_\écg%%ﬁ?@gsh %aélh fec %%%)fecﬁ%%{]re%%ﬁ%@%ﬁ%@%ﬁ?%ﬁ%@etmg

this objective it is provided that the lift has at least three lifting elements
and a docking head for coupling with a load receiving point, that a

Thus, foneagurefenhsigion isopsiedstd fex detittirgthinpositioraktng toakdngon to the
head and also for measuring the load vector occurring at the dockin

probleminpaty i U0 BRIBIHP SoP ot R L oL FERB & 4B Recause the
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veme rolled activation o Itting element drive
in an accident, under some circumstances considerable costs are incurred due to other airplanes

being biocked from taking off and landing. The time factor thus plays a decisive role.

The objective of the present invention is to create a lifting system with a lift, with which loads

and, in particular, airplanes involved in an accident can be lified and recovered quickly and

safely.

For meeting this objective it is provided that the lift has at least three lifting elements and a
docking head for coupling with a load re'ceiving point, that a measurement system is provided for
detecting the position of the docking head and also for measuring the load vector occurring at the
docking head, and that a control device cormécted to the measurement system is provided for

mutually independent, load-controlled, or movement-controlled activation of the individual

lifting element drives.



-2 PCT/EP2006/012371 Through the use of such a lift, the lifting process,
in particular, for an airplane lowered on one side, can be performed just
with this lift. Additional air cushions and, in this way, in particular, the
time-intensive changing between the step-by-step lifting with the air
cushion and the support with a lift are not necessary. The combination of

ift with the measurement system for detecting the position and also for
PCTfEP?n@éZ%%?’Ehe load on the docking head and the lifting elements that can

be activated independent of each other allows an automatic.adaptation to

ThroughtbepesitRintHgPodforthie iGN PEREHME BRI 6 8 A SRt ey on one
side, ca.tg1 glmgg%gggrr{%f ﬁhgg‘ﬁ%n%lvsvlili a%&@ﬁl&%ﬁgﬂj%ﬂﬁnig%dth‘% @QQ\%W% particular,

irplane 15 Tirted With no side 16ad. Here, the docking head of the lift
the timcioHRWS theiaagirgarivingDaipkalihe-lgap (Hiplaneh hecausedhion and the support
docking head can be freely positioned horizontally and vertically. When
with a lijiftivig nhbnsieptanie; the curve profile of the receiving point path is
dependent on the provided remaining contact points that are spaced
apart from the receiving point, thus, for example, the still intact landing

ear or ot cqntact. paints of the air I@Q %%i;pfg}ed 'thT §'{qu1 d also §
The Cor%lljfrl%/aenﬁlrlo?lﬁg&)oefc{hevﬁé@&v?nglﬁ%ﬁ%%%a% iS)?I’S]Ot set riglgg%,ﬂ%%t ins egfj IS anc aiso fot

measurifigPeRAeMPEaRD ARridept sikaationd Bientasusingdinedoadhat then be activated
docking head, the transverse force acting on the docking head is

indepengrsastiradchnetkesigBonevanianerasispetinistsadio thp @ riiRpinsvetent the load
receivit‘%slpc%ei.rfl r(])(l;tio }?g Et%;%l%g ?&%%?n%rpcoeig{) {&%@E’%&éﬁgnp%f% %%éﬁ%&ésﬁ airplane.
Thus, the load or the airplane is lifted with no side load. Here, the docking head of the hLft
follows the load receiving point of the load (airplane), because this docking head can be freely

positioned horizontally and vertically.

When lifting the airplane, the curve profile of the receiving point path is dependent on the
provided remaining contact points that are spaced apart from the receiving point, thus, for
example, the still intact landing gear or other contact points of the airplane with the ground.
Thus, the curve profile of the receiving point path is not set rigidly, but instead is dependent on
each accident situation. By measuring the load at the docking head, the transverse force acting on
the docking head is measured and a side movement is superimposed on the lifting movement as a

function of this transverse force for compensating for the transverse force.

According to one embodiment, force sensors can be provided for measuring the load on the

docking head. However, there 1s also the possibility that axial force sensors or pressure sensors



According to one embodiment, force sensors can be provided for
measuring the load on the docking head. However, there is also the
possibility that axial force sensors or pressure sensors -3
PCT/EP2006/012371 are provided on the lifting elements for measuring
the load on the docking head. In both variants, loads in the coordinate

PCT/E%@%%%% Y, Z and thus transverse loads and support loads can be
etected. For movement control, the position of the docking head is

detected, For this purpose, length measurement devices,can be provide .
e @A BIBE RS & SR G S AR 0 varints,
toads id SRENVEHIARSYE BRpmESKNRAgition B e e NERA RIEMEUBH Rt loads can be

telescoping middle brace can also be provided. In this embodiment, for
detectedletecting the position of the docking head, a length measurement device

and also two angle measurement devices can be provided on the middle

brace. The middle brace is used only for guiding the docking head.

Therefore, the inner hollow space can he used for holding, the length
For moRREth SIS LTRP R g S S RS 38*\9%899- if§ fhes purpose, length
measur@AANRIR DAL INGSH- MG UL REMHRY ERSRAtgshoused in a way that is

well protected from damage. For a statically defined system, in which the

docking head can receive transverse forces, different embodiments of

bearings for the lifting elements or the middle brace can be provided, on
For a swatieal$idésiarethsyfont awtljchinctheabthaesite; oanthverdo dkingshenaddivemio the three
__ embodiment with three Iif_tin(lg elements, the associated Iiftin({nel ment fooy
lifting E)lgm@tsarftgglescopmg middle brace can also be provided. this embodiment, for
detecting the position of the docking head, a length measurement device and also two angle
measurement devices can be provided on the middle brace. The middle brace is used only for
guiding the docking head. Therefore, the inner hollow space can be uvsed for holding the length
measurement device and the angle measurement devices with the advantage that these

measurement devices are housed in a way that is well protected from damage.

For a statically defined system, in which the docking head can receive transverse forces, different
embodiments of bearings for the lifting elements or the middle brace can be provided, on one

side, on the foot and, on the other side, on the docking head.

For an embodiment with three lifting elements, the associated lifting element foot points can be
mounted in ball-and-socket joints, while the connections between the upper lifting element ends

and the docking head are provided by means of a pin.



mounted in ball-and-socket joints, while the connections between the
upper lifting element ends and the docking head are provided by means
of a pin. -4 PCT/EP2006/012371 According to one embodiment with three
lifting elements and one middle brace, the respective four foot points can
be mounted in ball-and-socket joints and the connection between two of
PCT/ERIBoLBRSEHfting element ends and the docking head can be formed by
ball-and-socket joints, the connection between the third upper lifting
element end and the docking head can be formed by a pin, and the

Accordi, iy EfE PHERISER Y KRJBTEDHELREFIEFE s GO Ry h s P Gighs, respective
four foﬁ%ﬁ“ﬁ%@?ﬁ%é@ﬁ&%ﬁ%@%%%ﬁ%fﬁ%&%é%ﬁg% %ﬁﬁg'ﬁﬁﬁg’ﬁ%ﬁ KU&%en two of the

ifting elements and one mi brace, t t points Ing
upper 1Hiemesitanere srlanied ihddbaknge Soakbtieirts dnehtiebiobtipaind-ebiher joints, the
middle brace is gimbaled, and the connection between the upper lifting

connecliparhshycen dedhgdignecdkitighelsmbradiaed by Bankirebsadienbmfermed by a
. [ en; iddle b nd the,docking.,head i
pin, e S I R R
or as electromechanical lifting cylinders. Preferably, a control unit, which
comprises at least one hydraulic pump, control valve, and hydraulic tank,
Furtherin@lp datedisoleebiftsilsilpgritat the liffiogisysiemiwieraindh e koptraboriits and one
IS housed, in particular, in a carriage and a connection to the lift is

- middle Brachd e By bRt Sapply ARt enrkaRerEEh AN ety Teket joints and the
foot poﬁﬁ %tf?llzéj Hl&dﬁz‘é‘ﬂﬁ'aée%%%?ﬁ%%lé‘&'%n‘ﬁ'ﬁ% c'gn%%é{%n between the upper lifting element

ends and the docking head is provided by ball-and-socket joints and the connection between the

middle brace and the docking head is rigid.

The hifting elements can be consiructed as hydraulic lifting cylinders or as electromechanical

lifting cylinders.

Preferably, a control unit, which comprises at least one hydraulic pump, control valve, and
hydraulic tank, is allocated to the lift as part of the lifting system, wherein the control unit is
housed, in particular, in a carriage and a connection to the lift is provided by power supply and
measurement and control lines. The control unit is thus a separate unit, which is easily
transportable and can be connected to the lift and to the sensors installed there the power supply
and measurement and control lines provided preferably with quick-release locks. The hydraulic
pump can be driven electrically by a generator or, as one variant, can be an air-hydranlic pump

driven by a compressor. The embodiment with compressor air-hydraulic pump is then



transportable and can be connected to the lift and to the sensors installed
there the power supply and measurement and control lines provided
preferably with quick-release locks. The hydraulic pump can be driven
electrically by a generator or, as one variant, can be an air-hydraulic pump
driven by a compressor. The embodiment with compressor air-hydraulic

PCT/EP%H('%R)I guﬁn -5 FCT/EP2006/01_2_371 advantage_ous if, for examplc_a,

uring the airplane recovery, additional devices with compressed- air

needs are used, which can then be powered by the compressor.

advantageays ita IO RIe St et RE T SHY CREGASI B AIApeiywith compressed-
i icular, i ' ' _and simil trol
T

movement-controlled operation. A movement-controlled travel is provided

for setting the lift on the load receiving point, while a force-controlled travel
Advantagepiglidethéor ctrtekingdhrecebaiving pelattfoniX-Yeontedimrents. Additiolaal with a

constructions of the invention are listed in the other subordinate claims.

TICTOPTRRSRSF ther ARAEHABH is &iSrairted iNTHbFE BeRAPhFFRSSes¥Bithalftitiis Doth load-
controilwtgp@g%gqg%g%—:ﬁ;@ﬁv%ﬁﬂ’bngﬁ' %ﬁ%ﬂﬁ@reAFﬂ%gﬁgeﬁtf—r %%%ﬁ%ﬁﬁéa%l 1s provided

alrplane inv n an accident a partially exten Ing

for settiggahdFigt dishprrspectivieviewaohn liflillg ayfiera vt &l il aexey ftodided for
also a control unit, which
tracking the receiving point for X-Y movements.

Additional constructions of the invention are listed in the other subardinate claims.

Below the invention is explained in more detail with its essential details with reference to the

drawings.
Shown are:

Fig. 1 13 a front view of an airplane involved in an accident with only a partially extended

landing gear,

Fig. 2 is a perspective view of a lifting system with a three-leg lift and also a control unit, which

is connected to the lift by power supply and measurement lines,

Fig. 3 is a side view of a retracted three-leg left,



is connected to the lift by power supply and measurement lines, Fig. 3 is a
side view of a retracted three-leg left, -6 PCT/EP2006/012371 Fig. 4 is a
top view of the three-leg lift shown in Fig. 3, Fig. 5 is a side view of an
extended three-leg lift, and Fig. 6 is a top view of the three-leg lift shown
in Fig. 5. In the exemplary embodiment, a lifting system 1 shown in Fig. 2
PCT/EFS Sll%rr]r covering airplanes 2 involved in accidents, as shown
schematically in Fig. 1. In the illustrated embodiment, for the airplane 2,
only two of the three landing gear legs 3 have extended, so that the
airplane is lying on an engine nacelle 4 on the other side, where the

. .landing_gear is retracted. Eqr recoveri tl—hgs airplane, it is necessary to
Fig. 415 %We?gﬁl iéﬁﬁﬁﬁg&ﬁ%%’%ﬁaéﬁ?gﬁt the lowered left wing 5 so that
the still retracted, left landing gear leg can be extended. The lift 6 is
represented symbolically by an arrow. The lift 6 is part of the lifting

Fig. 5 iSYS@RWishOVRHR gl 2RI ¢@maises, in the exemplary
embodiment, a three-leg lift 6 and also a control unit 7. The three-leg lift 6

has, in the exemplary embodiment, three multi-telescoping, lifting
cylinders 8 which are arranged in a pyramid shape and which attach, at
Fig. 6 ishelerupiver ehts, thoee-deglifigiwsn 19 Higl fvhich are supported on the
ground side on a base frame 10. In the exemplary embodiment, a
telescoping middle brace 11 is also provided, which receives no axial

In the e@eﬁ%%?a%p gﬁ%@ﬁ&a@%ﬁ rgﬁli%ygas?s%% usrﬁ%%{l &%@%8%'&9@ recovering airplanes
2 involved in accidents, as shown schematically in Fig. 1. In the illustrated embodiment, for the
airplane 2, only two of the three landing gear legs 3 have extended, so that the airplane is lying
on an engine nacelle 4 on the other side, where the landing gear is retracied. For recovering this
airplane, it is necessary to lift the lowered side with a lift 6 undemeath the lowered left wing 5 so
that the still retracted, left landing gear leg can be extended. The lift 6 is represented

symbolically by an arrow.

The lift 6 is part of the lifting system 1 shown in Figure 2, which comprises, in the exemplary
embodiment, a three-leg lift 6 and also a control unit 7. The three-leg lift 6 has, in the exemplary
embodiment, three multi-telescoping, lifting cylinders 8§ which are arranged in a pyramid shape
and which attach, at their upper ends, to a docking head 9 and which are supported on the ground
side ot a base frame 10. In the exemplary embodiment, a telescoping middle brace 11 is also

provided, which receives no axial forces and which has merely a guide function for the docking

head 9.



head 9. -7 PCT/EP2006J012371 The base frame 10 has three foot plates
12 for the lifting cylinders 8, a middle support 13 for the middle brace 11,
and also braces 14, which connect the foot plates 12 and the middle
support 13. The braces 14 can be rigid or can be adjustable in length. In
this way the foot circle and thus the side stability of the lift 6 can be
PCT/EPvaRgdibsagdition, adaptation to the provided local conditions is also
possible in this way. Finally, in this way the height of the lift 6 can also be

The basg?a%%e‘?0"1‘45‘?{%:&??03%?%?%9%3&% Fabs Qig'l'}\{r#iﬁtrh r%t%?cfgﬁe Sé?fété%gi 3 for the

Y Increasing the foot ciicle, name e mi eighitcan

middle BRRENNahEAIHAL IR sPerialiGasesRedifstitliisunden shaobie st upport 13.
lifted. The docking head 9 has, on the top side, a projection 15, which has,

The braggs ésaamples agémmlbsmh@mb&bm ichgthplactasay anthirfitaneircle and thus the
side stabRRGUINGPRINGIAIN NG ANE, ARG ZdhBRHSERYBIY g%/atﬁfzalxél%f Anditions is

measurement system for detecting the position of the docking head 9 an
also posalbiz for thieasayiritjthkvomdian theydbekisgheatiheiigr@irihalso be changed, which
measurement system is connected to a control device of the control unit

can be é??ﬁﬁltﬁﬁgqn%ﬁ,wﬁei#@ﬁﬁu@&mﬁﬁ%@@nﬂa&im%ﬁ%ﬁm Fheiapircle, namely the
minimuif] q%?&ﬁd%'ﬂg%g&%gg %'J;%‘E'e%gﬂf’ 43 rﬁgl@tfﬁo%/ﬁ%%%?dc%cgv%% ift Fs?ﬁl fits ynder the
, ﬁ 0cCKIng ’hea d'l

measuring the load, force sensors can be provided on the
object tobelskethere is also the possibility that axial force sensors for measuring

the load on the docking head are provided on the lifting cylinders 8.

The docking head 9 has, on the top side, a projection 15, which has, for example, a spherical
shape and which is placed at an airplane receiving point 18 for lifting the airplane 2. The
recovery system 1 has a measurement system for detecting the position of the docking head 9
and also for measuring the load on the docking head, wherein the measurement system is
connected to a control devic¢ of the control unit 7. In this way, the individual lifting cylinders 8
can feafure mutually independent, load-controlled or movement-controlled activation. For
measuring the load, force sensors can be provided on the docking head 9 or else there is also the
possibility that axial force sensors for measuring the load on the docking head are provided on

the lifting cylinders 8.

Detecting the position of the docking head 9 can be carried out by length measurement devices
on the lifting cylinders 8. For the embodiment shown in the figures with a middle brace 11,
however, it is preferred that a length measurement device and also two angle measurement

devices are provided on the middle brace 11 for detecting the position of the docking head 9. In



Detecting the position of the docking head 9 can be carried out by length
measurement devices on the lifting cylinders S. For the embodiment
shown in the figures with a middle brace 11, however, it is preferred that
a length measurement device and also two angle measurement devices
are provided on the middle brace 11 for detecting the position of the
PCT/ERDSKNG; heaf 9. In -8 PCT/EP2006/012371 Fig. 2, this arrangement of
the length measurement device and also the two angle measurement

" evices on the middle brace is indicated symbolically by a housing 16
RN RS A R AR ——
deviced @MHB&NAUS DI AR GBI £atFPh @%iﬁgj £é ﬂgfﬁﬁgg B8 neasurement

airplane 2 shown in Fig. 1, the receiving point 18 provided on the ~airplane
devicesfong theanvesmrofitbe lift & iV desdibg ttoan thxibsusinintshetiieentiol tuot 7.
ground contact points of the extended landing gear legs 3. In Figs. 3 and
5, the profile of the curved lifting curve 19 is shown with dash-dot lines.
When lifting.the airglane it is necessary for. the docking head 9 to follow
For theygner i B gﬁ@%[ﬁi?é“’léﬁ%ﬁ"i‘@éﬂfé&h%,"H‘i’er‘?f;&ﬁ@%@@%ﬁc%§w‘“ded on the
airplan @GSN ARARR: dgeking head D AUIRLRG %QM‘Hﬁg%Se g@@ﬁ?ésyvsrfedgl%rﬁqld contact
the individual lifting cylinders 8 are controlled accordingly, In order to
points gf)ferinmoskd kitdimayemérgsoh tHe [ty navemenk fefes a the curved lifting
lectronic con r?#jsg takes over the load-controlled travel of the lifting
curve 1§ 5 AR VT (A B ORI AGIB P B RTVEAS Snoepesisiger ghe docking

i T
the doclatp lofahé dirplancheclitivingootst b8 measured and the individual lifting cylinders 8
are controlled accordingly, in order to superimpose a side movement on the lifiing movement.

Here, an electronic controller takes over the load-controlled travel of the lifting cylinders 8, so
that the two-dimensional lifting curve 19 shown in Figs. 3 and 5 is set. The airplane is here lifted

essentially without side loads, wherein the three-leg lift or its docking head 9 follows the position

profile path of the airplane receiving point 18.

In the illustrated embodiment, the three-leg lift 6 is operated in a force-controlled manner from a |
minimum height h; shown in Figs. 3 and 4 up to a height h,. In the embodiment, this lifting
height hy is smaller than the maximum lifting height hs. After lifting the airplane to the lifting
height hy, the wings are located in a horizontal position. If the landing gear is to be extended,
additional lifting of the airplane as a whole is required. For this purpose, another three-leg lift is
placed on the other wing 5a and the airplane 2 is then lifted in the vertical direction, for example,

up to the position hy. For vertical lifling, the control device is switched over to movement-



In the illustrated embodiment, the three-leg lift 6 is operated in a
force-controlled manner from a minimum height hl shown in Figs. 3 and 4
up to a height h2. In the embodiment, this lifting height h2 is smaller than
the maximum lifting height h3. After lifting the airplane to the lifting height
h2, the wings are located in a horizontal position. If the landing gear is to

, additional lifting of the airplane as a whole is required. For
PCT/EP%SS%?%Z& another three-leg lift is placed on the other wing 5a and the
airplane 2 is then lifted in the vertical direction, for example, up to the

controllesh enmiPh 3! W8 1Y SHFEFRRHRS TS SO BIIAE RS 'ShtteRefpBYET foy the two intact
. move -9 PCT 0] 7 This.is nece: X
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lifting, iR@sv3ratefatodongempeberkamngitsctivetfowiudhesdifinghbuldrigathenc affect on the
vertical lifting, transverse forces arising, for example, due to wind loading,

control efbeglbiHag<Hénggest on the control of the lifting cylinder 8. The working
range 25 of the three-leg lift 6 is shown shaded in Figs. 3 to 6. In Figs. 3
and 5, it can be seen easily that in the example shown, the profile of the

The worlfm%ﬁ%#gé%%eéﬁ%wéﬁr@wﬁg rﬂ@flgqtsrt &%@&A&éﬁ%ﬁ%g&v@(‘:l§8' ,jlﬁégnii and 5, 1t

the ne 2 should wander out of the range defined as the working

can be fafigehuringdiftinghwhichipithelcase, fior examplef weehithe:|ifipg: tdeverithin this
is more strongly curved, it would be necessary in such special cases to

workings iis\esr2tha s dRecivingi PMrs rhteamatboppsimoncah dhe poskeneut of the range
three-leg lift.6 in such a wa t in this, E\ter%ediate pf)sition a genteﬁed o
) ) 3 the lift
et e Pt S R e et LA HER e tiing
curve is more strongly curved, it would be necessary in such special cases to support the airplane
in this intermediate position and to position the three-leg lift 6 in such a way that in this

intermediate position a centered positioning of the three-leg ift 6 is given underneath the

recetving poimt 13.

The lifting height by of the lift 6 can equal, for example, 220 centimeters, the lifting height h;

520 centimeters, and the maximum lifting height 620 centimeters.

For a statically determined system, through which transverse forces can also be transmitted,
different linkages to the lifting cylinders 8 can be provided on the foot side and head side. In the
illustrated embodiment according to Figs. 2 to 6, where, in addition to the three lifting cylinders
8, the middle brace 11 is also provided, the three foot points 20 of the lifting eylinders 8 and the
foot point 21 of the middle brace 11 are mounted in ball-and-socket joints 24, while the

connection between two of the upper cylinder ends and the docking head is realized by joint

- 10 -



receiving point 18. The lifting height h of the lift 6 can equal, for example,
220 centimeters, the lifting height h2 520 centimeters, and the maximum
lifting height 620 centimeters. For a statically determined system, through
which transverse forces can also be transmitted, different linkages to the
lifting cylinders 8 can be provided on the foot side and head side. In the
peT/EPYEBRAIeshembodiment according to Figs. 2 to 6, where, in addition to the
three lifting cylinders 8, the middle brace 11 is also provided, the three
foot points 20 of the lifting cylinders 8 and the foot%%int 21 of the middle

heads 35 40d e ROTABEHAB PR BERalh- LBEde bt lindemierthéndofitedfiong head is
rea}izem_vﬁﬁﬁ%%ﬂ{eﬁﬁ)ff %%ﬁﬂ@ﬂgﬁ%‘gﬁ:’dwﬁﬁ%g |§H¢9 i‘ﬁ@gggéf&l%@' the middle

by joint -10 PCTIEP2006/012371 "heads 22 and the connecti etween
brace 1the thirdeafdeat gyl de ttentbeinie ¢eatbeking head is realized by a pivot
connection 23 with a flange and a transverse pin. The upper end of the
middle brace 11 is connected rigidly to the docking head 9. It should also
be mentioned that for each _lifting cylinder 8, a fall safety device could be

It shoulg Rifederopaiinnpte R matudiireicatindgrsirety whsweetediedce could be
provided RHUERHRE 6 9%&‘3&8?5&%@8@%&%%%@9%&%%5 with a defined

maximum weight of, for example, 2000 kilograms. Therefore, simplified
transport to the site of use is possible. For the transport to the site of use
of the complete lift or of transport units of the disassembled lift, for

The thresclengié fecmn/eryliseusrohled entssafopayipicalsemBoaidelintsl maximum weight of,
for example, 2000 kilograms. Therefore, simplified transport to the site of use is possible. For the
transport to the site of use of the complete Hft or of transport units of the disassembled lift, for

example, recovery sleds can be used for typical embodiments.

The control unit 7 shown in Fig. 2 and set off from the three-leg lift 6 can comprise at least one
hydraulic pump, control valve, hydraulic tank, and similar equipment. The measurement lines 17
and also poWer supply lines 26 can be wound onto drums 27, wherein these drums 27 are housed

together with the control unit 7 on a carriage 28.

The lifting system 1 can also be used for simulating different positions of an airplane that has
been jacked up on three lifts 6 according to the invention. In this way, not only a change in
position about the transverse axis and the longitudinal axis of the airplane, but also about its

height axis can be performed.
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The control unit 7 shown in Fig. 2 and set off from the three-leg lift 6 can
comprise at least one hydraulic pump, control valve, hydraulic tank, and
similar equipment. The measurement lines 17 and also power supply
lines 26 can be wound onto drums 27, wherein these drums 27 are
housed together with the control unit 7 on a carriage 28. The lifting
PCT/EPSYEERN 436an also be used for simulating different positions of an airplane
that has been jacked up on three lifts 6 according to the invention. In this
way, not only a change in positio&gﬁg@gghe transverse axis and the
longitudinal axis of the airplane, b bout its height axis can be
performed. -11 PCT/EP2006/012371 CLAIMS 1. Lifting system (1) for
lifting loads (2), with a lift (6), which can be positioned underneath a load,
1. Liftingharasterizeddn lifah o ddk (@) ineludesia ([@asithitpediiing slanments (Sderneath a
and one docking head (9) for coupling with a load receiving point, that a

load, chefrchesireianthal shertifiordo dtstung at [sesitibreelifiagolskimptict @yamg docking

also for measuring a oacii vector occurring,on the docking head 9}2i
head (9)p§>r C u’ énr%\%ﬁ%? a ]!o ng ((:1 S§

rovide EM TR B tEY %on%ﬁaesurﬁféna?gﬁtres%sén R dgecting a

positionfef {Reldedlin depe oieatdland-contrRkeckinE MOVRMRBIRUUEANSSEL on the docking

activation of drives for the individual lifting elements is provided. 2. Lifting
head (9) dypravidpboreiigabacrimiol denmactonzeigdriatibe foresusemsotsgatem for mutually

‘ [ i n th ing.h
mdepenél)ergt\,/ ! ggdtggnrt?o ?f%i”glg gggvlgnaxgngcgmemqfé((::{(la&wgggn(%)f drives for the individual

lifting elements is provided.

2. Lifting system according to Claim 1, characterized in that force sensors are provided for

measuring the load on the docking head (9).

3. Lifting system according to Claim 1, characterized in that axial force sensors or pressure

sensors are provided on the lifting elements (8) for measuring the load on the docking head (9).

4. Lifting system according to one of Claims 1 to 3, characterized in that length measurement

devices are provided on the lifting elements (8) for detecting the position of the docking head

().

5. Lifting system according to one of Claims 1 to 4, characterized in that, in addition to the

lifting elements (8), a telescoping middle brace (11) is provided on the lift (6).
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3. Lifting system according to Claim 1, characterized in that axial force
sensors or pressure sensors are provided on the lifting elements (8) for
measuring the load on the docking head (9). 4. Lifting system according
to one of Claims | to 3, characterized in that length measurement devices
are provided on the lifting elements (8) for detecting the position of the
PCT/Erdogidrig fead (9) 5. Lifting system according to one of Claims 1 to 4,
characterized in that, in addition to the Iifting elements (8), a telescoping

6. Llﬁlegtds;vst&ﬁaﬁ&&&) 605’;!1%68%0@11{@4“‘5 (@ 512 RGUERARR 023 i Buree 1ifting

system acc ng to one of Claims'1 té Characterized. |n t’ha?r

elementhE® lHtidprelemidats @rendiane sinléﬁigehbmégsﬁléﬂl@ﬂed%e and also two angle
measurement device and also two angle measurement devices are

mcasurméwqr@wm&%@e e yrsididasaring théopasitsirofatibe position of the
dockin dﬁ rg head (9). 7. Lifting system according to one of Claims 1 to 6,
Thara érlzed in that, for an embodiment of the lift (6) with the three lifting
elements (8), foot points (20) of the lifting elements are mounted in
ball-and-socket joints (24) and connections between the upper lifting

7. Lifiglemeabhends@ngtheotoekiohiead (9)aunpraidesdmning, &rdiiBgibodiment of
system accordlnig to one of Claims | to 6, characterized in that, for an

the It & Bédithetbese tHng fé@;rwnw (8 dorteoniniy(@MratHe diesmd onents are mounted
middle 1), four fpo 2Q) of the {fting elements a d the
in ball- an% aPe %ra rgtl 2 g c? ﬁl%%ggggcﬁg? 1}% élqgar)rgﬁa% glement ends and the

e are'm
docking head (9) are provided by pins.

8. Lifting system according to one of Claims 1 to 6, characterized in that, for an embodiment of
the lift (6) with the three lifting elements (8) and one middle brace (11), four foot points (20) of
the lifting elements and the middle brace are mounted in ball-and-socket joints (24) and a
connection between two of the upper lifting element ends and the docking head (9) is provided
by ball-and-socket joints (22), a connection between the third upper lifting element end and the
docking head (9) is provided by a pin (23), and a connection between the middle brace (11) and
the docking head (9) is rigid.

9. Lifting system according to one of Claims 1 to 6, characterized in that for an embodiment of
the lift (6) with the three lifling elements (8) and one middle brace (11), foot points (20} of the
lifting elements (8) are mounted in bail-and-socket joints (24) and the foot point (21) of the

middle brace (11) is gimbaled and a connection between the upper lifting clement ends and the
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connection between two of the upper lifting element ends and the docking
head (9) is provided by ball-and-socket joints (22), a connection between
the third upper lifting element end and the docking head (9) is provided by
a pin (23), and a connection between the middle brace (11) and the
docking head (9) is rigid. 9. Lifting system according to one of Claims 1 to

PCT/EPQ06RATALietized in that for an embodiment of the lift (6) with the three
lifting elements (8) and one middle brace (11), foot points (20) of the

cocking o S B S L S A rebp Dot miaat
brace(ﬂf}edﬁ@%&&g}gl%|ﬁgggqb§&d§ Aad the -13 PCT/EP2006/012371 docking

head (9) is provided by ball-and-socket joints (22) and a connection
between the middle brace (11) and the docking head (9) is rigid. 10.
Lifting system according to one of Claims 1 to 9, characterized in that a
10. Lifiifed] ssestety destodiig foroviciedl (ﬂiuiaaach of theliftinteolemhenth{B8) ddithafifty device is

., (6).11. |ft tem ccord| e sz ims 1 to 10, characterized in
pm“de%hféf g@%@h‘éﬁ] e‘f%ﬁ“ésr ﬁ%}(%)hgtr onstructed as telescoping
cylinders. 12. Lifting system according to one of Claims 1 to 11,
characterized in that the lift (6) is disassembleable into transport units

1. Llftﬂ’{ hadafinedpadnyihweioialis HEINtSYREM@AcRENINGHS ANL1fing elements

Claims 1 to 12, characterized in that the lift (6) has a base frame (10) wi
(8) of thfobﬁ[ﬂ%)tes‘:(cl@)smm htirdeetemegtsy(B)l@middle support (13) for the
middle

12. Lifting system according to one of Claims 1 to 11, characterized in that the lift (6) is

disassembleable into transport units with a defined maximum weight.

13. Lifting system according to one of Claims 1 to 12, cﬁaracterized in that the Hft (6) has a base
frame (10) with foot plates (12) for the lifting elements (8), a middle support (13) for the middle
brace (11), and braces (14) connecting the foot plates and the middle support and optionally
adjustable in length.

14. Lifting system according to one of Claims 1 to 13, characterized in that a control unit (7),
which comprises a hydraulic pump, control valve, and hydraulic tank, is allocated to the lift (6)
as part of a recovery system, that the control unit (7) is housed, in particular, on a carriage (28),

and that a connection to the lift (6) is provided by power supply and measurement lines (26, 17).
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brace (11), and braces (14) connecting the foot plates and the middle
support and optionally adjustable in length. 14. Lifting system according
to one of Claims 1 to 13, characterized in that a control unit (7), which
comprises a hydraulic pump, control valve, and hydraulic tank, is allocated
to the lift (6) as part of a recovery system, that the control unit (7) is
PCT/EPROUSSA 2y particular, on a carriage (28), and that a connection to the lift
(6) is provided by power supply and measurement lines (26, 17). -14
. R T R R BT e ) s o
ydraulic pump driven
hydraulRISEHIS Y & LLRIRI0n 1o dnlingSystem according to Claim 14,
characterized in that the control unit (7) has an air- hydraulic pump driven
by a compressor. 17. Lifting system according to one of Claims | to 16,
characterized in that a lifting height of the extended lift (6) equals
16. Liftaygprostvmatsiyondingoe Sedxinhdteljarapioriad minbes ybtepastdordihg tbhas an air-
hdrauide of %Iaims 1 to 17, characterized in that a structural height and a lifting
ydraulie PURP SN R A TR T8 e quals approximately 1 m to approximately 2
in. 19. Lifting system according to one of Claims | to 18, characterized in
that the control device of the control unit (7) has, in particular, an
17. LiftRIesHanis SQuiigier twitheiBraiEisiar@ 1 B)israpiaeassatinoRartional height of the
valves, and similar control means, which features both load- controlled

extendeg it Acavelrcrnercmaidlddoperatiopkimately 7 m.

18. Lifting system according to one of Claims 1 to 17, characterized in that a structural height

and a lifting height of the retracted lift (6) equals approximately 1 m to approximately 2 m.

19. Lifting system according to one of Claims 1 to 18, characterized in that the control device of
the control unit (7) has, in particular, an electronic controller with, in particular, a
microprocessor, proportional valves, and similar control means, which features both load-

controlled and also movement-controlled operation.

20. Lifting system according to one of Claims 1 to 19, characterized in that the lifting elements

(8) are hydraulic hifting cylinders or electromechanical lifting cylinders,

21. Lifting system according to one of Claims 1 to 20, characterized in that the lifling elements

(8) can be moved individually.
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20. Lifting system according to one of Claims 1 to 19, characterized in that
the lifting elements (8) are hydraulic lifting cylinders or electromechanical
lifting cylinders. 21. Lifting system according to one of Claims | to 20,
characterized in that the lifting elements (8) can be moved individually.
-15 PCT/EP2006/012371 22. Lifting system according to one of Claims
PCT/EPHOGSo Eharacterized in that the load to be lifted is an airplane (2), in
particular, an airplane to be recovered foIIowing an accident, and that the

22. Llﬁlg%lﬁ%gt can be ace 5 %4 anfg:ar{%lan r{%% aclt%}l 13)1 Vﬂ\f%ﬁ? CF gto be lifted is

in partlcu , un ern a wing € alrplane
an airplane (2), in particular, an airplane to be recovered following an accident, and that the 1ift

(6) can be placed on an airplane receiving point (18) (wing jacking point), in particular,

underneath a wing (5) of the airplane.
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