Al RCRAFT MAI NTENANCE UNI' T Technical Field [0001] The present disclosure
relates to mai ntenance of aircraft engines, and in particular to neans for
power i ng wheosgqurysaent for such nmai ntenance. Backgr oundPC00B2jivaesiBEnance
of aircraft very often is perforned during the period between | andi ng and
take-off, i.e. at the gates where the aircraft is "parked". The equi pnent
used therefore nmust be nobile, and often tines specialized carts, trucks or
the like are used for carryj i 3] The electric power
needed for driving the veﬁxkﬁmﬂﬁgwyi% ating the nmai ntenance
equi pnent is qften provided either by dedi cated diesel engine driven
gener at C?F°§h’§EPd|§I“W ng the standard three phase electrical power at 50160Hz,
or by connecting to stationary power .in the ai,rp%rt._ The |atter may require
ei t her 116031 cabhecrresest digplospig g8lptes I9dRURENagseRS; et nEnFTe YLHIp datisPlaPs enher e,
possibly in the ground, which adds to the conplexity of the infra structure
for the npramefor greTiagihecogpupITisHg maifigREcean aircraft generates its own
power by using so called APU s (Auxiliary Power Units) nounted inside the
ai r cr af tBagkgipundAn APU i s a gas turbine engine, and these APUs can al so
provi de the power for internal use during stop. However, since it is
i nst rundfied] | Mamienencabf aitceaftiveot Gy it wrivekd derivgihe heriod e fagdingred APU: s
are equi pped with generators delivering power at 400 Hz. El ectrical
equi prendkecapi.atadt tig @testilics: the equainty pokel” bBermdipnentaistethemfide mostdeconpact ,
and thus, occupies |ess space and has a | ower weight. [0005]A big
di sadvantage and bhensinods spaepialipntenats, irscks hathe lite dreuset & cagrineg thxpeipsicve,
[0006] I n airports so called "Point-of-use solid-state frequency inverters”
( SSFI s) [e008] | nSheakieafic aopwar pexiadi@ntriygy theofehidke a aeilll dst for ppwveting the
distribution and wiring system The facility power

maintenance equipment is often provided either by dedicated diesel engine driven generators

supplying the standard three phase electrical power at 50/60Hz, or by connecting to stationary
power in the airport. The latter may require either long cables, or af least sockets provided at the
gates or ¢lsewhere, possibly in the ground, which adds to the complexity of the infra structure for
the power sysiem.

[0004]  During ﬂighf an aircraft generates its own power by using so called APU’s (Auxiliary
Power Units) mounted inside the aircratt body. Ar APU is a gas turbine engine, and these APUs
can also provide the power for internal use during stop. However, since it is instrumental in
aircraft technology to reduce weight, normally the APU:s are equipped with generators delivering
power at 400 Hz. Electrical equipment operating at this frequency can be made smaller and more
compact, and thus, occupies less space and has a lower weight.

[0005] A big disadvantage with such equipment is that it is much more expenstve.

[0006]  Inairports so called “Point-of-use solid-state frequency inverters” (SSFIs) are installed

as a permanent part of the facility power distribution and wiring system. The facility power



system provides the input to the SSFI where it is rectified to direct
current (DC), and through oscillator-referenced solid-state switching
conponentw 20rvrtsed i nto a new frequency, nanely 400 HeCTAISRéiespdIBE,

speci al - pur pose power cable attached to the aircraft power distribution
system feeds this 400-Hz power to the aircraft using a unique

pl ug- and- socket arrangenent. 100071As an alternative to the above there can
be stati 9@@]’% fideTRRY dhButdb %&“eeéSP@QM‘{@{eagisg%%E@ Ot aﬂrgﬂt][@‘r@),g;![nﬁglgl% desired

power. [0008 is power has to this date not been use r poses

h f | vl : . 000911 i f
than Oros@@%{-fe?egengw sc?fd{s%lica;v&ltchfﬂé g?@?tlngnésl%%%d (11;1§H TT%(% fl:re uQn(%, nr%lr;nre}érl ew o

t he above di scussion o e prior n order to I easily

oper at ed, g, nt nce equipment for aircraft. duri stapd-still, . it would be
Goci rabl 0T EE 68 Tanre. SRR Ebalebly Moo P b aRenit pitihion

generators igh nay _?Fve to he transported together with the maintenance
equi pnenﬁyStf'\é@?eﬁ%mbsm A Zé’f)wﬁrstggle&f'rcr?g u%ég LprEee géaflg'ﬁ?“#ﬁttagaﬁ?@e’&tonpl ex
cabl i ng yﬁe%nee ed for providing electrical power directly fromthe
pover di &0 pufF SR ATl ione Apeveelrg: c2p s SUCPBY ©F meke | drstlerpyerd make
use of the over fromthe SSF| facilities or fromthe stationary diesel
pover s \ESHERET foTasaeinhibF dFgFEPo%ehe present discl osure sets out to provide
an apparatus that achi eves the above objectives, and an exanple of such an
appar at u8048% q&bis peyer s & disilate nodbea visd ArtothpripHessanee fanelMsring Bevi ci ng
unit to enable servicing aircraft during stand-still according to one
exanpl e #KEE EHRYEYSWRS el ectrical |y powered service and/or naintenance
equi pnent. It is provided with a power input connectable to a electrical
power supwIyargperating at 200/ 115VAC and 400Hz. A transforner and
conversion unit is provided to transfouiilconvert the 200/115 VAC/ 400 Hz
power t dO§08t eelnptiers ef (hglabergedin0BioR3OWMEDrat axt.ainddt edef auerddecyort @asily

- operated maintenance equipment for aircraft during stand-still, it would be desirable to be able to

refrain from using dedicated diesel powered generators which may have to be transported

together with the maintenance equipment to the point of use, or 1o be able to eliminate the

complex cabling systems needed for providing clectrical power directly from the power

distribution and wiring system at the airport, and instead to make use of the power from the SSFI

facilities or from the stationary diesel power systems.

f0010]  Therefore, the present disclosure sets out to provide an apparatus that achieves the

above objectives, and an example of such an apparatus is defined in claim 1.

An aircraft maintenance and/or servicing unit to enable servicing aircraft during stand-still

according to one example thus comprises electrically powered service and/or maintenance

equipment. It is provided with a power input connectable to a electrical power supply operating

at 200/115VAC and 400Hz. A transformer and conversion unit is provided to transform/convert

the 200/115 VAC/400 Hz power to three-phase voltage 400/230VAC at selected frequency for



powering said service and/or maintenance equi pnent. Preferably the
frequency is variable between 2-50 Hz. [0011]1n a further aspect an

ai rcraft worgprivwrrsg an auxiliary power unit (APU) deli vecirnsg2@hmeiisi c power
at 200/ 115VAC/ 400Hz is provided with a power output connection accessible
fromthe outside of the aircraft. 100121The mai ntenance unit according to
one exanpl e can be connected to the aircraft, thereby elimnating the need

B e e LL

app ica e prese isclosure wll becone
appar ent fromt \%fzget ail ed descri pt| on given hereinafter and the
ac;:o;rpag d gslvvm ch are given by way of illustration only, and thus
no o) e con3| e imti ng..on t he pr.esent discl osure,
[0014] Fi § énafeﬁwéﬁ%&ef Do hel DRePHRE B budteR poSstafir AR HREE
exanpl e;

electric power at 200/115VAC/400Hz is provided with a power output connection accessible

from the outside of the aircraft.

10012] The maintenance unit according to one example can be connected fo the aircraft,

thereby eliminating the need of auxiliary ground power units.

Brief Description of the Drawings

[0013]  Further scope of applicability of the present disclosure will become apparent from the

detailed description given hereinafter and the accompanying drawings which are given by way of
 {ilustration only, and thus not to be considered limiting on the present disclosure, and wherein

[0014]  Fig. 1 is a schematic illustration of a unit according to one example;

[0015]  Fig. 2 is a schematic illustration of the electric components in the unit;

[0016]  Fig. 3a shows an exemplary implemention in a wash unit seen from one side with the

cover removed;

[0017]  Fig. 3b shows the same unit as in Fig. 32 seen from the opposite side;

[0018]  Fig. 4 schematically shows the components of the unit; and

[0019}  Fig. 5 illustrates a unit according to a further illustrative embodiment.

Detailed Description

[0020]  In Fig. 1 there is shown schematically a unit according to one example.

[0021] -The rear of a parked aircraft 100 is schematically shown in stand-by for service and/or

matntenance.



[0015]Fig. 2 is a schematic illustration of the electric conponents in the
unit; [0016] Fig. 3a shows an exenplary inplenention in a wash unit seen
from one wpdeimisriset he cover renoved; [0017]Fig. 3b showsTiUseoisaps3unit as
in Fig. 3a seen fromthe opposite side; [0018]Fig. 4 schematically shows

t he conponents of the unit; and [0019}Fig. 5 illustrates a unit according
to a further illustrative enbodinent. Detail ed Description 10020]In Fig. 1

there i Sg}ﬁﬂfj\’m Sehans Glffo%cs Vorikr W?ﬁtt((ﬁ?@f&r Q'S@gl (E&lldoﬁﬁe SRR Save1 Q9241 The

rear of rked alrcr 100 1s schematically shown in stand-by for

d/
service RS pdoL L SPARE S ﬁcs%g%g%ﬁt 7, fibd&th 6F QURaBONRY ubilbbickPU) or

delivers about 90 kVA of electric power at 200/ IlSVA'C/400Hz, and is used for powering the
internal systems of the aircraft if the internal Auxiliary Power Unit (APU) is not in use or is in-
operable or if it for some reason or another does not deliver enough power.

[0023]  The maintenance/service equipment on the vehicle, such as a cart is connected to the
power unit 101 via a cable 109 to an electrical input 120. The connection can be by means of a
plug and socket type connector (not shown), known from prior art systems,

[0024]  In the system shown in Figs. 1 and 5 the electric components (motors, pumps etc.) are
.designed for standard power and therefore the power from the GPU/SSFI needs to be
converted/iransformed. Thus, in accordance with one example, there is provided a transformer
and conversion unit 108, schematically illustrated in Figs. 1 and 5 by a box labelled TCU.

[0025]  The control of the operation of the unit can be implemented in many ways; in the
embodiment shown a general control unit (CU) 122 is indicated, and operation is managed via a
control panel CP associated with the control unit. This control umit can comprise any
conventional control means such as relay technology, ASICs, FPGA, programmable micro-
controllers and micro-processors etc.

[0026]  Furthermore, in Fig. 1 a mobile vehicle, such as a cart 104 is shown, equipped with
some kind of operation equipment 106, i.e. maintenance and/or service equipment, a typical
example of which would be washing units or de-icing units. Other iypes of equipment or
apparatus for service and/or maintenance are possible. The output 107 from the operation
equipment 106 can be a supply of high pressure water for washing purposes, or pressurized de-

icing liquid (glycol). Other maintenance equipment is equally suitable.



is provided on the ground at a service point for the aircraft or at a gate.
This unit typically delivers about 90 kVA of electric power at

200/ 115VAEZO4200K®715and i s used for powering the internal peyaiSens/oef13t he
aircraft if the internal Auxiliary Power Unit (APU) is not in use or is

i noperable or if it for some reason or another does not deliver enough
power. [0023] The mai nt enance/ servi ce equi pnent on the vehicle, such as a

cart is npected to.the rounit 101 .vi ectrical
mput 128000 MEoHHERLHED AT PRt B bEpRuRRp i KMol PR e
connector (not shown), kno fro rior art systens, . stem
shown i ni')ﬂ-ézﬂs. Ip Fignd therg i ! %aé?d:n elﬁcgﬂcﬁgf%sﬁf%o(ar?on%ngn%ggé%#%)orsau}é‘{ﬁgféyare
desi gned for standard power and therefore the.power. fromth . SSFI  needs
to be copreeinggprirolpkydipgand oyt to; Flﬂo%ﬁtco&cﬁg’f‘f@% afhietertis ﬁlggoégg{%%% here is
provided a transformer and conversion unit 108, schenati cehl(g%’vx | IFl uat rat ed
i n Fi gs. high areesuss pmmansod ¢ledtiy melgr FELARod BEPHh ESAS A8 S8t he ®per at i on
of the unit can be inplenented in many ways; in the enbodi mrent shown a-
general @ont ¢fghe maips aeclywnpFig. 2).i ndi cat ed, and operation is managed via a
control panel CP associated with the control unit. This control unit can
conpri se[t42y] cdhventrillsdablagennd elrrenbipsesst drscHBIgdP Fpant SEHRES ARG FUTERS) Cs,
FPGA, progranmaeble mcro-controllers and m cro-processors _etc.
[ 0026] Fuhdviver piysies! rirepeRieg.such thatrothicn sunplitd t9 e clogigly maory 208y 390109755 shown,
equi pped wi th sone kind of operation equi pnent 106, i.e. maintenance and/or
servi ce egtiopsead of the ¢lyguicabtomsafyoe anf puwes wh! Yoghidvade washi ng units or
de-icing units. Qher types of equipnent or apparatus for service and/or
mai Nt enafuegolar ehpassiphl (eot Thetragid) put ack@Fedf b wictthe doiyes drniey eqiPpHent 106
can be a supply of high pressure water for washing purposes, or pressurized
dei ci ng kii@ble gow@lsyimdd Jircuil, hieciricrmiot AR08 andesnpotamits (net iHugiratel)sugalile abl e.
[ 0027] Now t he design of the transformer unit will be described with
r ef er enc@rtconthillghg add/of HHRBhY the Fpipertizs tthettezciagd tirtens fn anceuhbadinehiebisry cal
system of an exenpl ary enbodi nent, for

achieved by an alternating-current (AC) to alternating-current (AC) conversion system (AC/AC)

and three-phase induction motors, 270, 290

[0031}  The electric power is supplied to the electrical motors 270, 290, from an alternating-
current network 200 such as a three-phase network or the like, via an AC to AC conversion
system (AC/AC). In one embodiment, the alternating-current (AC) netwaork 200 is represented by
an electrical network, typical for commercial aircraft and aircraft ‘parking spaces’ at airports,
having a voltage level of 200/115 Volt AC, 400Hz. The voltage, 200/1 15VAC/400Hz, from the
alternating-current (AC) network 200 is transformed, by a transformer 210, to increase the
voltage level from 200/115VAC to 400/230VAC (still having a frequency of 400Hz). This since
conventional alternating-current (AC) motors 270, 290 (typically three-phase induction motors

which are frequently used in pump systems) normally require a voltage of 400/230VAC to

function properly.



provi ding controlled voltage and current to, anongst other things, an
electric notor 270 driving a high pressure punp and an el ectric notor 290
driving aveaberosryseat er punp, shown in Fig. 4,. (none ofPCrhs2puopi3are
shown in Fig. 2). [0029]By controlled voltage and current in present
description is neant voltage and current having physical properties such
that, when supplied to the electric notors 270, 290, correct rotation speed
of the e ri : 0 : S, .| i : e punps
(not 111 BEAIL, SRRt oflr 247080 4Pl heghfece D s LIRBI L 2

sui tabl e [ | vy Clrcuit . [ tors. 27 2 ontrol units
(not il I'fjoglg }rﬁzlf] %%msru%/ l}isg?%ﬂ*eofrﬁmgglln%% %‘? IO? ﬁ%gé%dé?tgrn 'g?ff’ﬁg?% ﬁzggt ﬁ%mf)’p%dperti es
of voltage.and current. In o enbodi ne this.is achi eved b i

o1 t or nat PRIEapRAREE] byt Be e ePh RIS 60 PR o BB Eodted S5 om

(AC/ AC) and three-phase inductjon notors, 270, 290 100311The el ectric
bower | ST <o Rriaieb PAE 8P i soBY St eSOy P e g PRt | ng-
current network 200 S h.as a three-];t)ha e network or the like, via an ACto
AC conve ¥ ot % PRHROKCI BRIy} #P B8 aéﬁ%é‘dl‘%ﬁt“fab{eh@”éget Evelaanf mgtabler r ent
(AC netlﬁork 200 i s represented b3)6 an electrical network, typical for
commer ci BRI SFRFTICamE "M AYY 230Nk Pl dpueesa chpesindisardnsy WHkAlong a

vol tage | evel of 200/115 Volt AC,_ 400Hz. The vol tage, 200/ 115VAC/ 400Hz,
from t heedit Brahdiapgigoicivrriensrede) Mmesrndrk 29Hond uppsad§Bds froéact pspd dor
transfornmer 210, to increase the voltage | evel from 200/ 115VAC to

400/ 230VRairglieg e pHBRIMh LT thediehcy of 400Hz). This since conventi onal
alternating-current (AC) notors 270, 290 (typically three-phase induction
nmot or s WRPEHh arfbus ity theritapsiomggion 1orfOpiEAYY Ay.st0is thaabicrmatitgcunenf(h e isa

vol tage of 400/ 230VAC to function properly. WO

2011/ 09 MiSaRCT ug2ony#@d3nR1ditgedPerntDGiductn elermiingrurng (A2D®, ddeci-vi ng a
punp, requires a control unit suitable for controlling and/or adjusting

t he rot avitert @88 egnoiteriaiadtel nAUGEIE) o Ondho dir@FOyreR0 (DC)Comny rtigdn| edfurtbérat i on
speed may be achieved by an inverter 260, 280 (or a frequency converter).
Sai d fr etjueinesd te disqentierohiverieer 168 2826@hici288y qvenprisormneeltungts (rec thusteatadegnt  ( DC)
or alternating-current (AC) with an unsuitable frequency, to a voltage

havi ng atsuionabl enigolcdimgeblt ¢v ebntahdhes GiequhdyecdnvetpueAéy I30opepbdies ,ani . e.

nom nal 400/ 230VAC, 50Hz; however a change in frequency will also result in
a changeltehatngtattmnAsPeeith of valegeoprs 4Q7BOV290ashd fanpsy séh shai, swhen f act
used for controlling the punping rate of the punps. 100331Thus, after the

t r ansf orspmtlicd o the in00708 IGMAC2 7% QOHZorrdch®tagibt greadfi thgeleantia motors(2AE) 290 S

and pumps will be achicved.

10034]  The electrical system may further comprise one or several security devices 220,
typically fuses, automatic fuses or circuit breakers for protecting the eircuitry from overload or
overheating. Also provided in an embodiment is a further alternating-current to direct-current
converter (AC/DC) for driving a fan motor 240, suitable for cooling a cabinet which may house

the electronic circuitry.



di stributed and converted into direct-current (DC), in an
alternating-current (AC) to direct-current (DC) converter/inverter (AC DC)
250. The wonreato9csorent (DC) nmay then be further distriparas2eio/otzieguency
converters 260, 280 which nmay conprise control units (not illustrated). The
control units being able to control the frequency converters 260, 280 to
produce an alternating-current (AC) with a voltage of 400/ 230VAC and a
frequenc ch that, when supplied to the induction notors 270, 290,
correct WBRLET & @tﬁ%dlngPa%¥éﬁ%P%%‘W&fﬁB? g cabe congrpligh &y somnsatioed | be
achi eved. é0034]The electrical systemmay further conprise one or several
secur i t yOREl ReAns sugh as kel deanglody SSICs, iRCdnmtageemmpblesmisro-ednirellary ansk eaker s
for protecting the circuitry fromoverl oad or overheating. Al so provided in
an enbodPiEnRro¢essogs eiqrt her alternating-current to direct-current converter
(AC/DC) for driving a fan notor 240, suitable for cooling a cabinet which
may housl803the & eet ewbddimeit rac Gputrof UnitNGTDOIRE) Gdick 56 RGT/dpBa0 piov B3 T31

[ 0035] As already indicated, the operation of the unit can be controlled by
convent i wndlliegpthe pedrativeain sseluBlivhasonted! ayit tadhdaleagyitabhShrogrammPChicro-
progranmmabl e m cro-controllers and m cro-processors etc. [0036] In one
enbodi mgmecegsoControl Unit (CU) 122, which is one option provided for
controlling the operation, is used. Such a control unit can include a

sui t abl yo7pgr Bnwelkt diictisap okt 8s 8atribell AORThNAAl heh difseh@38F@s Wh | dnd Be
described in further detail with reference to Figs. 3a and b show ng an

exenpl arsfioweind adeeplary deiveingeng nivadna waihtund000 fod vaa® Hah 89S ok Uibkies on
aircraft, and Fig. 4 which is a schematic illustration of the apparatus.

[ 0038] Ths Fighd ghicBa aSRngtio NRisigdtidR oDthe hfparatti t Wi th the cover renoved, and
Fig. 3b shows the opposite side, like-wise with the cover renoved.
[0038]  Thus, Fig. 3a shows one side of the unit with the cover removed, and Fig. 3b shows
the opposite side, like-wise with the cover removed.
[0039]  The unit is provided with water inlet connections 302 for connecting to e.g. municipal
water. However, one can also connect to a tank or other storage means for water that has been
collected during the washing operation and which thus can be recirculated.
[0040] Thé water is fed to a tank 304 in the unit from which water subsequently is taken for
washing. If collected waste water from the washing operation is to be used, a pump 306 has to be
used. However, if municipal water that is supplied under pressure is used, the tank 304 can be
filled without need of a pump, in which case a by-pass valve is opened to by-pass the pump.
- {0041]  The pump 306 P1 is suitably an electricélly driven gear pump, but any pump would do.
The pumping rate of the pump is controlled by varying the frequency of the output voltage from a
frequency converter 260 (Fig. 2) dedicated for that pump.

[0042]  Before entering the tank the water is filtered in a filter system, which may comprise

one or a plurality of filters. In the shown embodiment a number of filters are used, namely a first



[0039] The unit is provided with water inlet connections 302 for connecting
to e.g. nunicipal water. However, one can al so connect to a tank or other
storage meansifwriseat er that has been collected during Phe/usashiondy3i
operation and which thus can be recirculated. [0040] The water is fed to a
tank 304 in the unit from which water subsequently is taken for washing. If
coll ected waste water fromthe washing operation is to be used, a punp 306
has to be used. However, if municipal water that is supplied under pressure
is used, the tank 304 can be filled wi thout need of a punp, in which case a
by- pass valve is opened to by-pass the punp. [0041] The punp 306 Pl is
suitably an electrically driven gear punp, but any punp woul d do. The

punpi ng raf middn bACHI M Fi ForCeAbTiaf bR dndyarveley iThen tHeewdtereis pessady thadugh e

out put voltage froma frequency converter 260 (Fig. 2) dedicated for that

purp. [ 0042} Befnees®e P aftid0aldotembap kartifles, wal £third fltdriHB B efltairinggrinulatear
system which may conprise one or a plurality of filters. In the shown

embodi ment, g, ih®bn Rhich kdnlRESi Ao Bdm thawRby a first 5 mcron bag
filter B Fl" for renoving oil and particles. Then the water is passed

through 21 g@@ndﬁén' Her whB F .aeWHieh @l 5D fROYESBA Gt &S reddfid u fdi rd
filter ontal ni ng granul ated activated carbon which renoves i.e.

chlori ne fcr R&hﬁreﬁﬁn%& Qlsired %Qé@iﬂé\% erliD BB 8 sed B ﬁ b anhig@d il 88 B for

(de-ionization I'ter to reduce t elon ¢ ncentra ion to a desired |eve

The wat er n ron filter BB F3 for ellnlnatlng
any pOSS|5W§mg%W?&WIR%ﬁ$§g F%ﬁ#gﬁQfom%PF%ﬁr [ 0044] The tank 304 in the

shown enbqgjent pas: 2; GARAE bl Andnt AdsGSafitly 5400 HrBE0R AR oA can of

course vary and be tailored to local needs. The tank has a ventilation means 308 at the top for
pressure equalization during filling and emptying, and can also function as an overflow. There is
also provided a bottom drain 310 for enabling emptying of the tank.
[0045] A high pressure pump 312, e.g. a piston pump, is coupled to an outlet from the tank
via suitable tubing. The pump is driven by an electric motor 314 powered by the transformer and
frequency converter unit. Pressurized water from the pump is fed via a high pressure tubing 316
to a pressure outlet 318. External washing equipment using high pressure water can be connected
to this outlet by means of suitable couplings. Again, the pump is controlled by varying the
frequency of the frequency converter dedicated for this pump, and can be varied such that the
purnp delivers pressures in the interval 60-’80 bar.
[0046] A pressure safety valve PSV is provided between the pump and the pressure outlet for
preventing too high pressures to build up in the tubing.
[0047]  Suitable was;hing equipment that can be used toéether with the unit according the
* disclosure is set forth in several of applicants own patents such as US-7,497,220 , US-7,297,260,

EP 1 755 952, which are hereby incorporated by reference in their entirety.



course vary and be tailored to | ocal needs. The tank has a ventilation
nmeans 308 at the top for pressure equalization during filling and enptyi ng,
and can aveaofwmetsbon as an overflow. There is al so provc@as2@ioeiiBom drain
310 for enabling enptying of the tank. [0045]A high pressure punp 312, e.g.
a piston punp,. is coupled to an outlet fromthe tank via suitable tubing.
The punp is driven by an electric notor 314 powered by the transfornmer and
frequenc nvey.t i i ' is f.ed via a high
pr easar 0SBl o ThERBHIEh G M Engld T O ARD URDAME 2 1
usi ng high press r n. be. connected to this, outlet by nmeans of
gtour% ?% @ﬁﬁs,%?alil?sn?t&atﬁlé l?t 15 &8 so.mﬁlm £ SCONe cgs e HISC]PWen é) l{Sﬁ é)O}N’F

sui t abl e coupl'ngs. punpi’s controlile y va %quency

f the f nverter. dedicated far thi d can be varied such
N s R S e R e T S

pressure safety val ve PSV i rovide et ween .t he pu nd, the pressure
DLttt (I5RaES Gra P iy g bl bS PSP Bt Faclanrh HeothlB it
[ 0047] Sui t.abl e masBing equj ppent that can be used together with the unit
accor di nYHEhEOTEREAH K ihe oM O‘QIg?mf“bF ¥ L Gyt @it dhegiitegencs gt itheanoper BWuPepat ent s
such as US-7, 497, 220 US-7,297,260, EP 1 755 952, which are hereby
i ncor porlg{lteﬁ Wnr%?%rt%@gq A fhﬁeqlrfsragnltopf ét:tdyfed Wigpthe cable 109. Otherwise the
2011/ 097156PCT/ US2011/ 023131 [ 0048] As di scl osed above the mai ntenance unit
i s connedpRodimegt prEisey s cRRE I CAGPURIE < dbf erkodigrati Fig leandapillsnotdgFl s et c,
but it is also wwthin the scope of the disclosure to use power generated by
an aircréftribpd 8her, i e. energy provided by the APU inside the aircraft.
However, this requires nmeans for connecting the unit to the APU out put.
This is B84%nain ewm 9f Sisopassibiitriig stk angthérclspesb pf esp ondgotdance heitte Hisodi ment
in Fig. I, but wth the difference that the power for the unit is taken
f r om t hedigfignie an pivesafyisreevaded Wiy, poaatiovitd froindhet ihernebhPE whidd is ©cdseiblai se t he
enbodi nent conprises the sane conponents as the enbodinent in Fig. 1, and
wi || notirdye thgesitsrdetyd thef aicrafie T his pO@A Ihipnt misehy mbvidddiis thpooen of &.¢tayplug-n stil |
anot her aspect of and in accordance with the

and-socket type of coupling provided in the body of the aircraft, schematically shown at 123 and

suitably protected by a removable cover plate to render it accessible.

[0050]  The foregoing examples are provided merely for the purpose of expianation and are in
no way to be construed as limiting. While reference to various embodiments are shown, the
words used herein are words of description and illustration, rather than words of limitation.
Further, although reference to particular means, materials, and embodiments are shown, there is
no limitation to the particulars disclosed herein. Rather, the embodiments extend to all
functionally equivalent structures, methods, and uses, such as are within the scope of the

appended claims.



di sclosure an aircraft is provided wwth a power output fromthe internal
APU which is accessible fromthe outside of the aircraft. This power out put
may be prwoi2daddrrset he form of e.g. a plugand-socket typeTafS2aeopiiBzng
provided in the body of the aircraft, schematically shown at 123 and
suitably protected by a renovabl e cover plate to render it accessible.

[ 00501The foregoing exanples are provided nerely for the purpose of

expl anation and are in no way to be cgnatmged as |limting. Wile reference
to various enbodi nents are shown, the words used herein are words of

descri pti on 1286 aitdrdftighihRhdnGandfcabdrGEing Beln, copAsnOf |im tation. Further,

al though reference to particular neans, nmaterials, and enbodi nents are
shown, there is noekhﬁkmgﬁmqamaemﬁ@ﬁa@art|cuIars dlsclosed herei n. Rat her,
t he enbodlnents extend to all functionally equival ent structures, nethods,
and uses, such as ar@wy tphnadaped & BPEnAéctddN e APPBALES pehv@ sﬂFply o@rﬁln 1.
An aircraft maintenance and/ or servicing unit, conprising: ctrica
power ed equbPERItAC and 400Hz @ POwer input adapted to be connected to an

el ectrical power supply opérating at 200/ 115VAC and 400Hz;

transfornmer and co r
VAC/ 400 Hz power t(r)é\{%%l?r)]@{%r %mvggpgegsg%&u q?iggj/azg%)vi&&ga{?g Ig%f%tg?(g}j%??é‘%ﬁgoncy

and to deliyg tpoQQrV[@FtaﬂcfardS\?o'ltgg gﬁ%b@ﬂ?ﬁﬂfA / afselcb¥ld ﬁrkc{%‘caﬁ% %elﬂgeggég&% g/ or

servicing unit as clained in aim1l erein
transf or ner &%&Ptfd for transformng the input voltage to a hi gher voltage,
and at |easf requency converter adapted for converting the frequency
of the input voltage to a |lower frequency. 3. An aircraft maintenance
and/or servicing unit as clainmed in clain12 wherein the transfornmer is

adapted to tr sfor t he volta fron1200/ C 10.400/ 230VAC, . and
fr equency c%n\g{a‘r G okl 396 LaTVEY a5 Cae%equglngly“%?omﬁﬁf’aﬁ s
between 2 and 5 ) in ance and servicin it as
ol aimed in afaﬁ’fﬁ?ﬁa R gl e S H% PER (e e S e,

(CP) couple
t he nmi nten

%ﬁ% 811% ?qfier%gtcé%e%%gp%{teg% conveﬁlngQﬁeb éqﬂ%c? (81[3 ttntI; 1C)r1|p{1t Vogag%pt)g g, otwlero n of

frequency.

3. An aircraft maintenance and/or servicing unit as claimed in claim 2, wherein the transformer is
adapted to transform the veltage from 200/115VAC to 400/230VAC, and the frequency

converter is adapted to convert the frequency from 400 Hz to between 2 and 50 Hz.
4. An aircraft maintenance and/or servicing umit as claimed in claim 1, further cox.npri'sing a

control unit and a control panel {CP} coupled to the control unit (CU) for enabling controlling

operation of the maintenance unit by an operator.
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5. An aircraft maintenance and/or servicing unit as claimed in claim 2,
wherein the frequency converter is designed to deliver a variable

f requencywo 2611/08msai r cr aft mai nt enance and/ or servi ci ngPamius2@g/0e31ai med i n
claim1l1l, wherein the equipnent is selected fromthe group consisting of
engi ne washi ng equi pnent, de-icing apparatus, cleaning devices, and

servi ce/ mai ntenance tools. 7. An aircraft maintenance and/or servicing
unit as clainmed in claim1l, wherein the equipnent is a gas turbine engine
washi ng equi prent and conprises: a water delivery nember for supplying.
water from a water source; a high pressure punp coupled to the water
providing means for providing pressurized water; a high pressure water

outl et connegt Acrix?&ftf DLinE QRPE G R ISl E2 NN Gs qg}ﬂle@lelﬁ claith 2, MerBin'thd Blduency

mai nt enancé and/or servicing unit as claimed in claim 7, further conpri5|ng

wat er f"ﬁ%ﬁém%ﬁ%d&%@@?&Q@h&ﬁg E%e@% b the wat er source. 9. An aircraft

mai nt enance an rvicing un| med in claim7, wherein nmeans for
providing water froma water source conprises inlet coupllngs for
connecting an external water source to the unit. 10 An aircraft
nalntenan%g and/o& servicing.,unit .as clalnﬁ%? rein the. unit

conpri ses A‘Rk:ﬂ @alt marmtenance d/orpa%rvgin}gcllméfats in ¢ a1m mwlfﬁlac} € gquipients

t'enance a rvici ng unit
oo siofted i dhe ol Sorklsling OFerdt \weSRRPLL S Rn? RUIR, ap%aa&g,ﬁaéagggwt er

devices, and service/maintenance tools.

7. An aircraft maintenance and/or servicing unit as claimed in claim 1, wherein the equipment is
a gas turbine engine washing equipment and comprises:

a water delivery member for supplying water from a water source;

a high pressure pump coupled to the water providing means for providing pressurized

water;

a high pressure water outlet connection for connecting cleaning devices.

8. An aircraft maintenance and/or servicing unit as claimed in clairn 7, further comprising water

filters for cleaning the water form the water source.

9. An aircraft maintenance and/or servicing unit as claimed in claim 7, wherein means for
providing water from a water source comprises inlet couplings for connecting an external water

~ source to the unit.

10. An aircrafi maintenance and/or servicing unit as claimed in claim 7, wherein the unit

comprises a water tank.
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12. An aircraft maintenance and/or servicing unit as clained in claim?7,
wherein the filters conprise at | east one of a de-ionization filter, a bag
filter amoaotzdbes filter. 13. An aircraft, conprisingCamsautiokdlary power
unit (APU) delivering electric power at 200/ 115VAC/ 400Hz, and a power

out put connection accessible fromthe outside of the aircraft. 14. An
aircraft as clainmed in claim 13, wherein said power output connection is of
a pl ug-andsocket type. 15. An aircraft as clainmed in claiml3, wherein

sai d powell. dux pitrraft owintesaicorrniier prrvicla Bl 35y clamed ih yREP - SHGEM Bratrd.

comprises a pump for pumping water through the filters.

12. An aircraft maintenance and/or servicing unit as claimed in claim 7, wherein the filters

comprise at least one of a de-ionization filter, a bag filter and a carbon filter.

13. An aircraft, comprising an auxiliary power unit (APU) delivering electric power at

200/115VAC/400Hz, and a power output connection accessible from the outside of the aircrafi.

14. An aircraft as claimed in claim 13, wherein said power output connection is of a plug-and-

socket type.

15. An aircraft as claimed in claim 13, wherein said power output connection is protected by a

removable cover plate.
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