Al RCRAFT TAXI I NG SYSTEMS CROSS REFERENCES TO RELATED APPLI CATI ONS Thi s
application is a continuation-in-part of Application Serial No. 11/683,71 1
filed Marwb 2899/30Q2Z. BACKGROUND OF THE | NVENTI ON Fi el d eCTiuseotonuzes i on
[0001] The present disclosure relates generally to passenger aircraft and,
nore particularly, to aircraft taxiing. Description of the Related Art
[ 0002] In nodern passenger aircraft, weight, space, and costs are
exceedingly inmportant. It is known that up to 15%of the costs to operate a
passenger aircraft are typically spent while the aircraft is on the ground.
A significant portion of thescAIRERAFRTAXIING $USTEMS bet ween ai rport
| ocations (e.g., gate, hangar, mai ntenance areas and runway) w th power

\ i . e ) . [0003] _Wien flight engines are
used for taxii¥y ey—OerH AL et ePBt region of their rated
t hrust and, accordl ngly, consune substantlal pounfls of fuel fgr each mln:Jte
spent in this oper tlon mode. The resultant fue|l costs. can be especially
sgbstantl al at Eus-@' Eﬁart'tog l%%‘?ném%t’ro&r‘%f’imP?‘%Efﬂé’ﬁ??'ys"s‘ﬁéwﬁ Ex¢®nddd tines
bet ween a gat eﬁlacmMa'rdheS eoomvays with the flight engine(s) running. In _
addi tion, significant brake maintenance costs are incurred. \en the fli ght
engi nes are used for t axi i ng the brakes nmust be frequently engaged to
counter the hiBACKERQUNBO ¥EDIIKAN  This significantly increases the
frequency of brake repair and adj ust ment. [0004] Many passenger aircraft
al so include pqyR’, £ S elRod hat provide a nunber of ground services (e.g.,
cooling, heatin fT gt hydraul i cs, engine start, ground system
checkout;, and lég‘ﬁd geridy ppﬁzmﬁt@lscld'dueaselaa@cgeheraﬂnato pgsshgm; aiagreft ahd,emore

particularly, to aircraft taxiing.

Description of the Related Art

[0002] In modern passenger aircraft, weight, space, and costs are exceedingly
important. It is known that up to 15% of the costs to operate a passenger aircraft are
typically spent while the aircraft is on the ground. A significant portion of these
costs are for taxiing between airport locations (e.g., gate, hangar, maintenance areas
and runway) with power supplied by the aircraft’s flight engines. » ,

[0003] . When flight éngines are used for taxiing, they operate in a very inefficient
region of their rated thrust and, accordingly, consume substantial pounds of fuel for
each minute spent in this operational mode. The resultant fuel costs can be
especially substantial at busy airports where aircraft frequently spend extended times
between a gate and the runways with the flight engine(s) running. In addition,
significant brake maintenance costs are incurred. When the flight engines are used
for taxiing, the brakes must be frequently engaged to counter the high thrust of these
engines. This significantly increases the frequency of brake repair and adjustment.

[0004] Many passenger aircraft also include power systems that provide a
number of ground services (e.g., cooling, heating, lighting, hydraulics, engine start,
ground system checkout, and emergency power). These additional systems are often
referred to as auxiliary power units and emergency power units. Because they add

weight to the aircraft while it is in flight, they are another source of added costs.



referred to as auxiliary power units and energency power units. Because
they add weight to the aircraft while it is in flight, they are another
sour ce ofweddedscest s. [ 0005] Any reduction in parts, weipgmtusasnd/oessepl exity
inaircraft systems is highly desirable. Systemreliability and

mai ntainability are also inportant issues, since they inpact the
availability of an aircraft and its overall costs. BRI EF SUMVARY OF THE

| NVENTI ON [ 0006] The present disclosure is generally directed to aircraft
taxiing systens. The drawi ngs and the follow ng description provide an
enabl i ng di scll880e My raductignpion perts, M@eﬂhmnéa}ompdﬁxhtarlhyalpmﬁltsyms &gﬁlEF
distinctly cl i r e

DESCR PTI ON P L RN RGLT %‘o%'%’ib' 15 8 O e R ROl om
and si de vi ewsSigsE thgy l@i@é“rmh%‘/y?"lm ts'@ﬁglealrcaafrmdafStovel[aU@O@ FI GS. 2 and 3 are
bl ock di agrams of taxiing system enbodi ments that may be coupled to a

| andi ng wheel of the alrcraft of FIGS. |IA IBand 1C [0009] FIG 4 is a
bl ock di agr am BREE{MMARY EINVENH@Nhodi ment for the aircraft of
FIGS. IA |IB and 1C [0010] FIG 5 is a perspective view of an ?:rcLaft
simlar to th . LB .and 1C when the aircraft is in i ght
[0011] FIG 68‘?’98{1' |1%59§"B‘f displasugs jsopenprally dirpgtes tas aigpraR Haxiimg ystems. n
‘posi tion to taRie c&h\oiihgs and %lfoWﬁ@@%nf) bvilié Gh e%agingf d%?lé@ﬁl‘%%ﬁ@ﬁ@avl g\é\/
of structure wt e curve ne ; is

vi ew of the V|aé’RF‘Bj’Ing§ agns ?ﬁ“c‘ﬁb‘&a‘]wﬁ“@an‘hd?@c&yﬁ@‘@ﬂ& os¢bsupjeshmattery t axi
engi ne enbodi nedtequinalEhtétheredf and 7B;

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIGS. 1A, 1B and 1C are front, bottom, and side views of an exemplary
passenger aircraft;

[0008] FIGS. 2 and 3 are block diagrams of taxiing system embodiments that
may be coupled to a landing wheel of the aircraft of FIGS. 1A, 1B aﬁd 1C;

[0009] FIG. 4 is a block diagram of another taxiing system embodiment for the
aircraft of FIGS. 1A, 1B and 1C;

[0010] FIG. 5 is a perspective view of an aircraft similar to that of FIGS. 1A, 1B
and 1C when the aircraft is in flight;

[0011]  FIG. 6 is side view of the aircraft of FIG. 5 which shows it in position to
taxi along a taxi surface;

[0012] FIG. 7A is an enlarged view of structure within the curved line 7A of
FIG. 6;

[0013]  FIG. 7B is a top view of the view of FIG. 7A;

[0014]  FIG. 8 is a perspective view of a taxi engine embodiment in FIGS. 7A
and 7B;

[0015]  FIGS. 9A and 9B are graphs which include exemplary parameters for

flight and taxi engines; and



[0015] FIGS. 9A and 9B are graphs which include exenplary parameters for
flight and taxi engines; and(0016] FIG 10 is a graph that illustrates
engi ne efwochensys2as a function of rated thrust. DETAl LEDTDISS@RIPSRON OF
THE | NVENTI ON [0017] Aircraft taxiing systems of the present disclosure
provide substantial advantages to an aircraft owner in the formof, for
exanpl e, reduced fuel consunption, |owered emni ssions, |ower noise |evels,

| ower mai ntenance, and |ess wear (and thus |onger useful life) of the
flight engine(s). There is also | ess wear and |onger useful life of the
aircraft brake08incd16nht isqogmph thatillestraesomgine effidienchiagh foretios bf efted: he
flight engi nesyn{0018] These taxiing systems are small in size and weight,
highly reliable, and | ow cost. They require m ni num changes to existing
aircraft systens, are usable for power generation on the ground and during
flight (ratherDERARHRDRSCRIBIIONIOF THRNVENeRONi ght) and can be readily
integrated with existing aircraft systens. In addi Ejl 03, Eheyogﬁgf '?')kileztel ng
on board auxil ower systens unnecessary or redundant. T

t axiing syst enlgagﬁepg"éf?éarfé%éq’?mge%(PtP‘Z‘éonV\ﬁhF tPreseal Hisgjasire tPer_)\Mgm sesgintials t hat
are conf | gur echdbanaRe @! en alirchart st ih el ol 641 o5 dlbiabley rERLLET AN

because this level has a preferred relationship to their andard rated

thrust. This iSMFHRRPK IO CEntRisgens; dovear mossarlevelsh dawqsrmajatanange.cand lessei r
flight engi I’IESwéaO(anHQPﬁlsilB&ePUie@lﬂ?lﬁ@-of-ﬁrbeﬂiPht'&Qﬁle@ﬁghﬂﬁsis%fs% 14BSRLRAr at 1 ng
in aregion far bel ow 33% of their rated thrust so that they are operating
in a highly iﬂ%‘?&ef sl i s 2irqeft rakes gipceaibay de et havedpeopppssetle highe
f1ight engi neshgetiiad fightsngimes.e thrust than that required for taxiing. In
contrast, the . engines of the disclosed taxiing systens are
specifically dh@ﬁ!}ne&%ﬁ? BpEEaPEems amg smil frofigsend Weight, bighbyhwsiipble.zandd
thrust to therlebyosteThgaequiRl minimum changes to existing aircraft systems, are usable for

power generation on the ground and during flight (rather than being just additional

dead weight) and can be readily integrated with existing aircraft systems. In
addition, they make existing on board auxiliary power systems unnecessary or
redundant.

[0019] These taxiing systems are generally realized with small gas turbine
engines that are configured to operate at a thrust level which is highly efficient
because this level has a preferred relationship to their standard rated thrust. This is
in marked contrast to aircraft that presently use their flight engines for taxiing
purposes. The flight engines are then operating in a region far below 33% of their
rated thrust so that they are operating in a highly inefficient manner. Even at or near
their idle speed, the flight engines generate far more thrust than that required for
taxiing. In contrast, the taxi engines of the disclosed taxiing systems are specifically
designed to operate at an efficient ratio of their rated thrust to thereby reduce fuel
consumption and operating costs.

[0020] In an extreme emergency condition (e.g., when the aircraft’s flight
engines fail or are running out of fuel), these taxiing systems can provide a glide
thrust sufficient to facilitate the aircraft’s safe descent along a glide path.

Additionally, they can provide redundéncy and/or additional power to aircraft when



consunption and operating costs. [0020] In an extrenme emergency condition
(e.g., when the aircraft's flight engines fail or are running out of fuel),
t hese t axwongosmsdizens can provide a glide thrust suffi cipemustaofhessesit ate
the aircraft's safe descent along a glide path. Additionally, they can
provi de redundancy and/or additional power to aircraft whennecessary to
enhance aircraft reliability. They can be integrated with the systens of
new aircraft and, when retrofitted into existing aircraft, they can repl ace
the non-flight engines (e.g., auxiliary power units) so that the aircraft's
wei ght i s substeaessaniite ynhaneshairegaftirelinbilityh #héyatanehe istegeted twidsthe sysémyiaf r educe
the low utilizald QRchHACLRr b .exi sting auxidiar ower, an

enmer gency power un?‘t: sﬁu%r@d %gc%mtrt%{ é‘ﬁoav’ﬁlsetln oihlfcra[%otgﬁl c?ﬂ rﬁ%ll??el gl?l ar, a
taxi system entsacilighinengir@s niaig., beixilacyatpedeonnids) si that alid aicraft’s weightoiss

| ocations as idbysidadl SHH I z eferred |ocgtion is. on one of
t he | andi ng gezlilr 62,a %n %P%‘ﬁ ggii\‘rﬁ geﬁ%&%S%%Q‘th\%ee%'?tgmgfduﬁgwsl?/‘évtuéﬁ%z%a&

provi des. t axi i fagfon problemsaetr existing B@iliant hower dslvéemegenoy qoereateits heedainr cr af t
f1ight engi ne(§hnSbeial 2L FIG 2 schematically illustrates an enbodi ment
10A of the tax] System %?l_glfl GS. |A- 1C. The system 1Q0A includes a driver 12
whi ch may be, [0831]exdmagticulan Rntastr systens cmhediment 1On giagebe ocateduotdi ane

engi ne that is;CRAMRGheInbR 18caaBEEL ; r. 4 exeml ary speed
reducer is a gelar box. Annopt puat S %flpg%é&g n?ﬁegsléele%&?g ﬁecrrerzzrH klcf "l)%%
mechani cal | y |9mspfithe podiag gepretatonevhictbaredncluded wifeetsited. Zihe sysdm 1DANdi ng

gear to, therely,idR QYii Fad 2k QUB 60 | the I idng the
aircraft (60 ﬁﬁ ‘_I'ZII G 1C1§ge\?vi ?l??oﬁt %:gvdlongh{lét}n\&ag?’lg {ah(g;%%?eé%t g@%&ﬁﬁﬁeﬁ l%t) (66
in FIG 1C). [®e?s(s)Gthe driver 12 is in el ectronic comunication with a

control systenogfy WHGH ¥hsRatidal ilRkads SPAMERmBANSA o¥2nd Rl 3@ doyPi cal

control structures e.Cg. . .
FIGS. 1A-1C" The system 10A includes a driver 12 which may be, for example, an

internal combustion engine or a turbine engine that is connected to a speed
reducer (SR) 14. An exemplary speed reducer is a gearbox. An output shaft 16 of
the speed reducer 14 is mechanically linked to power the wheels 64 of one of the
aircraft landing gear to, thereby, provide taxi power for moving the wheels and
taxiing the aircraft (60 in FIG. 1C) without having to start the flight engine(s)
(66 in FIG. 1C).

[0023]  The driver 12 is in electronic communication with a control system 30,
which also includes a control panel 32 that has typical control structures (e.g.,
instrumentation, displays, controls, indicator lights, batteries, switches and
associated software). Such control systems are well-known in the aircraft art as are,
also, the design of turbine engines, auxiliary power units (APU's), emergency power
units (EPU's), and environmental control systems (ECS' s). Gearboxes and engine
mounting structures are also well-known and quite common to those having skill in
the art and, accordingly, the details of such systems, equipment and structures need
not be discussed here.

[0024]  In a preferred embodiment of the disclosure, control system 30 provides
starting power to driver 12 as well as primary output power and emergency output

power to the aircraft. The embodiment 10A may be retrofitted to existing aircraft to



I nstrument ati on, displays, controls, indicator lights, batteries, swtches
and associ ated software). Such control systens are well-known in the

ai rcraft woto@asisas2e, al so, the design of turbine engi nepcTaszomioassgs power
units (APU s), energency power units (EPU s), and.environnmental control
systens (ECS1 s). Gearboxes and engine nmounting structures are al so
‘wel | -known and quite comon to those having skill in the art and,
accordingly, the details of such systens, equi pnent and structures need not
be di scussed here. [0024] In a preferred enbodi ment of the disclosure,
control syst erdr@0dgpuflivigeisshaft hprsepay ep bwwhed 640l previdd Rixéisg vapabiligs Thisi mar y

out put pover angh gfmernesﬁggow&waém@9&§&estt&uhg@ap§u1§,ﬁ§pﬂe beﬂr?ﬁ sﬁ?ﬂmds'izem 10A

may be retrofitted to existing alr t topr
hor sepower t o andewsightchighly pﬁﬁewdélgw F@lngleclmabodta toy, inTfie$ comsvogptiomnt of a

power syst em bl ifemidsit | 4 AR Iegttba?ﬁgw ifmBflcAfhcgel 1 T n S1ze and

wei ght, hi ghl y efficlent, ow cost, lTowin fuel
consunption, [@0&Y i r$uélma§§$t@nsreﬁgﬁﬁ¢ﬂet0@mwxn&§lng@mra&nwowdweqmrenamnmdnance

[0025] Such a $¥5de8M dxflting didctfdsysRnRN sGd §t§ &(;u(fcﬁ A v geguire
fouftet

m ni mal changes to existing aircrdft systens. a system so be
provi ded as stssavdadcavpmephemnevy airerafly Brivesrl3fin thel]vrpfﬂm:d E@bodlmtetnteofpamf erred

nmbodi t of mat el y
150 hp To 400 Sttt an e P B SER of niixaRngRd 190 Hs RERNEHRT™ LY o

li kely add | esisPending arothe sisaaad weightwef e eircrafyend wanldi lkiebychdd fegs tlean 4091
aer ospace appljsaadd ANFeighte SG&P&MM‘E& el t6r Eé‘r%é;ﬁﬁé Qpa;lﬁ;{xegﬁlm e él'f%?aqllyver y

m nor nodifications to neet requi renents o lary OV\BI’ syst em
of the presenthighly&slighlgrand w%nwéme%mymr odificatiqrs tmyeeat@aemeremeswm |

turbine engi n%f&ﬁkaéuxﬂfa%dbw s9ddth LEINS PresBt MRG0k e dAhéfﬁ‘atfvgfib?lm ehs nﬁa

provide taxiin capabl Ity. Such an engine is highly reli
conbi nati on wide be asealifuphipg gine thas prasugessulficiapt powertto dgge ﬁ@u’ﬁtﬁglsﬁé t he

ai rcraft wei ghb prdvd@2@kiidgl &apatility! Sitht dn3dn@ihe 3¢ HGABIL G ¥nd® i EnMifhation

embodi ment 103w1thsg gpre]:e retdgc):(elr would add only about 160 pounds to the aircraft weight.
[0026]) FIG. 3 illustrates schematlcally a second embodiment 10B. Such a taxi
system could be located at a similar location or locations on aircraft 60 as would the
taxi system of FIG. 2. In this embodiment, power system 10B includes driver 12,
which would be designed to have a high speed power shaft (not shown) and a low
speed geared power shaft (not shown). A high-speed alternator (ALT’NTR) 18
would be mounted on the high speed power shaft. Alternator 18, as is well known in
the art, may also act as a starter/generator. A speed reducer 14 is also mounted on
driver 12 at the low speed shaft and its output is mechanically linked to power the
wheels 64 of aircraft 60. Alternator 18 may be used in conjunction with an ECS 22,
which provides conditioned air where required in various compartments of the
aircraft.
[0027]  Driver 12 is in electronic communication with control system 30, which
also includes control panel (CP) 32 that includes typical control structures (e.g.,
instrumentation, displays, controls, indicator lights, batteries, switches and
associated software). As has been previously discussed, such control systems are

well known and quite common to those having skill in the art and the details of such



system coul d be located at a simlar location or |ocations on aircraft 60
as would the taxi systemof FIG 2. In this enbodi nent, power system 10B

i ncl udes woi20@r15122 whi ch woul d be designed to have a hipgh/usp@edozsener
shaft (not shown) and a | ow speed geared power shaft (not shown). A

hi gh-speed alternator (ALT' NTR) 18 woul d be nounted on the high speed power
shaft. Alternator 18, as is well known in the art, may also act as a
starter/generator. A speed reducer 14 is also nounted on driver 12 at the

| ow speed shaft and its output is mechanically |inked to power the wheels
64 of aircraf t2 GWrohsysiephaged mot Be disgusped hese dn ithis ewhpdiment @fhthwdtShloane,ECS 22,

whi ch provi deso@aidiykte@MAp@l ided\iaitiRg p%g'%'ll {oC&kiveP 1!%&%6&&959?@\/\%%% ntrol

the aircraft. [0027] Driver 12 is in electronic comruni cation
syst em 30, \/\hl%‘ﬂ’“éP%‘ﬁeflaﬁéP%@@“Wﬂmpo‘ﬁﬁﬁéplr@@’ﬁo32 t hat includes typical

control structiygs (ehg altehidfitd BYAAL 0B ﬂﬁ&é‘:@&éﬁm‘&%%ﬁ@ aifcRH AL OF
lights, batteries, switches and associated software een

previously di S¥eMddesnificigntshag horsepovsydo dieswhels Gfetol prpwdmaxama cepabily.cormon
to those havi necsidingl dy ithe zhh:@af?-g hlgﬁf‘gngtuk@ nd&d Adthne sféi’te& uﬁh@erﬁg&flﬁlgﬁt otystem

need not be di scussed here. In this enbodi nent of di scl osure, control
syst em 30 pr oHOYES sk tHr?l‘@deﬁot@wé‘F“& erpabilipewhile bel&acP"Wb@eﬁm% and yvelaht,l mary

out put power afighl @HI%@CMgHWrQhﬁblepqwrmt&s@-'lé\f}rﬁfﬁerG&ns{uQQt?(ﬁ;], lrSin
alternative enbqdi nent 10B pay be retrofltted to existing alrcra t to

provi de suffi cﬁnlé?ﬂoné i the el’?&‘r‘%‘lé'ﬂﬁi\’vé? loy inmaipieeance. Bwh psygemyietiefitedatoi ng

capabi lity. Acaodxiltinglarcrafil@vodld fdq@fré ninintdl ThingRH @ @Qﬁtlff?%gcrgﬁ Qemstarted.
Thi s enbodi ne of a power .system provides taxilng capabil WKI l e being

smal | in size 'EHa\?\)éﬁtegjll’]foulﬁ?lé‘i’lp?Pr@f"ﬁF‘&P%%ﬁ%ndalﬁll cGHIPYREREeT QM‘@aqur@ﬁv in cost,

| ow in fuel cqoe9pt DHver lpﬂﬁhlsleﬂlb@mrr&ﬁt 8fthe URclbN\Re BIAYILEATPIRHN et drOW i N
mai nt enance. Suchg tétem retr. tted to an existing alrcraft woul d
require nini mdMeH ?‘fg “Eeoe"@%es“f‘q‘rfbe alterpgtor; ¥ @Wtaelﬁ%h spsgd pltemalgis wehacoul d

al so be provi diesiredsogp@Ndar ekadipld, UTEIY td120 KVEWIRE t6mBinhtion of driver 12,
alternator 18, speed reducer 14 (which may be a gear box) for low speed and the
associated controls, would likely add less than 600 pounds of weight to the aircraft.
Several types of engines currently exist from which a suitable one may be chosen
and modified as a driver to provide a light weight, reliable, low maintenance, low
fuel consumption, low noise, low cost, and low emissions system. Such a power
system 10 could eventually replace or render unnecessary conventional auxiliary
power units, thereby further reducing the total weight and number of parts of the
conventional systems in an aircraft. Additionally, such a system could be integrated
to supplement and/or provide additional electrical power or designed to provide
added redundancy if necessary.

[0030]  FIG. 4 schematically illustrates a third embodiment 10C to provide
taxiing of aircraft 60, without having to use the aircraft’s flight engines (66 in
FIGS. 1A-1C). In this embodiment, driver 12 may be mounted to aircraft 60 in any
of several convenient locations. Such a power system 10C could be readily
retrofitted to existing aircraft and would generate sufficient thrust that would enable
the driver to provide taxiing of the aircraft 60 without having to start the flight

engines 66 of the aircraft.



[0029] Driver 12 in this enbodi nent of the disclosure may be a piston
engine or a nodified turbine engine with the alternator 18 being a high
speed al twonaworsie2ai th a desired output, for exanple, ofC3WStabA3sk¥/A. The
conbi nation of driver 12, alternator 18, speed reducer 14 (which may be a
gear box) for |ow speed and the associated controls, would likely add |ess
t han 600 pounds of weight to the aircraft. Several types of engines
currently exist fromwhich a suitable one may be chosen and nodified as a
driver to provjde a |ight weight, reliable, |ow naintenance, |ow fuel
consunption, | BPHoi d¥iverod maxibe mpmall guibingi enging thatsyrovides sificiantatapioner
system 10 coul finRY Wherd the thGPMAGE Wl dERAdSn ®e Qﬁ@%ﬁéﬁ&é &%&?ELMQE\

auxiliary power, units, thereby further Treducing total welght an%lj nunber
of parts of thArEShPEth ? Brthengdnesin arnst anpligations wepldredd mipimal weight and mayuch a

system coul d bg ihBtiegEsLEd pweﬁbg@félrrﬁmgﬂ%viae%%g REBIAS t&dgiiétir%”&' new:
el ectrical power or designed to provide added redundancy It necCessary. -
[0030] FIG 4 Yerih&rvenf? i 1pelegeeniaeemmunication vithesntiphayatem130ovhish hasovi de

taxiing of airgpieiltcodflol Wichpsst (epaMhdi@inieRtaSE cfisﬁ)%f@,i Enbrdis! indichiok $iPhts £NAI NES
(66 in FIGS. Iﬁb\- 1(20. I.n_this enbodi nent, driver 12 may be nounted to
aircraft 60 i nPaFjesorswateles and agneiated csoft™arpain dhis enthediment Pk reostrel em 10C

coul d be readidyytemelr A1kd ploPflles Rafitl SoivBGtodiriver B ErARG G &ﬂ@ﬂﬁ(r&ﬁ?
sufficient thrust that would enable the driver to provide taxiing of the

the dr| ) :
aircraft 60 wiFhdlitcupssd; brlow dnsersster defail rwithyweferenen e dadgengines He.g., as

ai rcraft. [ 0031ludatedein FIES. 7B, 8ASOBbAd f0yr bi ne engi ne that provides
the taxi thrust will depend on the

sufficient tag@oiﬁru% V\?greiig ! r ; 1% .
requirenents ch F3Gr ? iscam ifpstrafipn phg passengenpirgrafi60 similey; tadhq gircrassel

appl i cations WEIGISA 1A . Mh8iaffedafi\edi ig Bova el 2 MightiBodd iR WIRVESIch ©P%ite MBNET
1571 o1 el ot PBMeL CEArACMIGEE Adedh (RSCEhET o1 BYabBR SE<HAR cvheris teypi cal
control structfligesthfist gnd diretsibh eI Tor SinSiRhaY BighC ¥IG! 6 ifustrhidlieat or
lights, aircraft 60 of FIG. 5 in position to taxi along a taxi path 67 which might be, for
example, be a gate surface, a hangar surface, a maintenance area surface, a runway
surface, or a service surface leading to the runway surface. It is noted that these
airport surfaces are sometimes generically referred to as the tarmac. To facilitate -
taxiing, the aircraft includes a taxi engine located in an area of the aircraft such as
that enclosed by a broken line 7A.

[0033]  As mentioned above, taxi engine embodiments of the driver 12 of FIG. 4
are described in FIGS. 7A,7B, 8, 9A, 9B and 10. In particular, FIG. 7A is an
enlarged view of the area 7A of FIG. 6 and FIG. 7B is a top view of the structure of
FIG. 7A. These figures show the tail structure 60T of the airplane 60 which includes
a vertical stabilizer 68 and horizontal stabilizers 69. They also illustrate the driver of
FIG. 10C in the form of a taxi engine 70 that is installed in the tail structure 60T of
the aircraft 60. The taxi engine is arranged to generate a taxi thrust 75 which is
sufficient to initiate and maintain taxiing of the aircraft along a taxi surface (67 in
FIG. 6 which also shows the taxi thrust 75).

[0034]  The taxi engine 70 is preferably a gas turbine engine which draws air into

an intake portion and generates an exhaust from an exhaust portion to thereby



batteries, switches and associ ated software). In this enbodi nent 10C
control system 30 al so provides starting power to driver 12. Enbodi nents of
t he dri vewoBosrses2di scussed bel ow in greater detail w tRCrafseseness2s o taxi
engines (e.g., as illustrated in FIGS. 7A 7B, 8, 9A, 9B and 10). [0032]

FIG 5is an illustration of a passenger aircraft 60 simlar to the
aircraft of FIGS. 1A-1C. The aircraft 60 is shown in a flight node in which
each of the flight engines 66 is providing a flight thrust 65 in a flight
thrust direction wherein the flight thrust and direction are sufficient for
continued fli ghfevideths taxg thupt &S: Peefesably.ithe tailisometfite 690 iofmoRif@d t6 definepasi t i on

to taxi al ong ﬁtak@%berﬂﬁé B2 Gvhi L dIndEs W ARE inth He %ce Af%he l?a(;“ %y&sur Qace or

Surface a hangar surf ace, a nal nt enance area sur
a service surfAkkough shs tay anging B i thewayin g edatiorein wlnwhx;pantaam extands pakese

ai rport surfacss aREenSBRbLLITRR: digier {f\w Wedt&d SR 18 ocaf é?f{prfréa To

faC|I|tatetaX||ng the aircéraft oI nc s a taxi engine an area
of the aircraffandsdoraisd fyreher faswardss éithp Jocatia Tken I|ne 7A [0033] As

ment i oned abov@o3diaxiaLais 0 t are
described in F[?GS] 7A. 7B, 8, nEFTé dB%J&l%gﬁEelggr?%)l)/% %F‘F gﬁ? A8 an

enl arged vi ew Bfchenigmf05.274 reqatahlecxane pasidored @ thgRngige’s etib%llSt)lVé\Aplotbant he
structure of Rafae tRé\axi NRSE 75 bPRIE 37AStBQ)Wr tgﬁi glgéélrggﬁ)rd'{'g; ﬁf&atﬁ)%ngf ghe

airplane 60 whj ch includes a vertical sta ori zont
stabilizers 6d¢ gme’ytaélp@@nglp logsthe grder phE0%). iAltwuglf passager G rath gcrtmll‘yor m of

a taxi engi ne nale th@i gilidankcd fegrs € % 'arktetel%.%l rﬂ)'sé Wﬁ&é’l%td{{e& 0, 2 ﬁJn& "/15 whi ch

aircraft 60. The tﬁ engine i s arranged generate a taxi
is sufficient RaHvithist faxt én%m*a efrboAimganh n@f’é’xb‘? nigefok in [gehancingr tiiﬁ& gaild@mg a taxi

surface (67 i npiti€ulay, WHeaNadt SecRRONS tz{xli‘iﬁg tu@)éifﬁ&h{ H&fdlt?& su&lpgssévlnd he taxi

engine 70 is preéera |y a gas turbine engine which draws air 1nto an intake
portion and getiB PR an exhaust from an exhaust portion to therebyprovide

the taxi thrugqo036}. R eiereaBiny enfbd8intedt l70Sit lisddle8 PG, 8. rBgl éﬂgﬁ{é i0

define an
preferably a gas turbine éngine having an intake structure 77 and an exhaust

structure  78. The engine also preferably includes auxiliary structure 79
(e.g., comprising starter, generator, fuel pump, oil pump, gear box, control
electronics and associated software) that can provide the functions (e.g., cooling,
heating, lighting, hydraulics, engine start, ground system checkout, and emergency
power) of conventional aircraft auxiliary structures (e.g., APU's, EPU's, and ECS's).
[0037]  The table 90 of FIG. 9A shows that an exemplary passenger aircraft such
as a Boeing 737-300 has a takeoff weight between 125,000 and 140,000 pounds and
includes two flight engines which each weigh on the order of 4300 pounds. Each of
these flight engines can generate a takeoff thrust between 20,000 and 22,000 pounds
(around standard sea level conditions). Once the aircraft is in level cruise conditions,
each engine typically generates a cruise thrust between 4,600 and 5,100 pounds.
[0038] It has been found (e.g., through taxiing tests with an exemplary passenger
aircraft) that an initial thrust level is required to initiate taxiing of the aircraft and
that a lesser thrust is required to maintain taxiing. As a result of these taxiing tests, it
has been determined that a taxi engine for the Boeing 737-300 aircraft need only

generate an initiation thrust on the order of 3000 pounds and may weigh as little as



i ntake opening 72 which enhances air flowinto the intake of the taxi
engi ne 70. Al though the taxi engine 70 is shown in a location in which it
partial | ywexvemdss2past the aircraft's contour, the engi meTrasgodomodsesat ed in
other locations. For exanple, it can be located further forward as in the
location 73. [0035] As shown in FIG 7B, the taxi engine 70 may include a
thrust steering nmechanism80 (e.g., a rotatable vane positioned in the

engi ne' s exhaust) which can cause the taxi thrust 75 of FIG 7A to be
rotated in azinuth over a rotation angle 82 (e.g., a rotation angle on the
order of 10% .609 mqvodﬁgﬁhlpassdwgethruan ns(ﬂmlhghegmeﬂahdtyohmtakheg thguwdsance

hi s
nmeans (e.qg. & ahb& di.rect the bPa§0 t

taxi engine er‘r%1 g%n 88 use@"l)’t airhﬁtaexrll 2N E)lg[;nmrgﬂb‘ﬂwﬂ g ta )
(particul arly, offién 9IAaargietha|r¢a:l|ltafotf tizer @xiigxiestagrd suntthirized uh tthe @bl 93 ohs suc
as w ndy condifjpeg) . [0036] A taxi engine enbodinent 70 is illustrated in

FIG 8. The engine 1s preferably a gas turbine engi ne having an intake
structure 77 al@3%¥n elisdtable 93tshows,uherefbd:, thineheectagi ﬂgn&l weight mded oalhyl he

i ncl udes auxil ép?af&fclrﬁgté Gb/po%f ?1% 9 of th& 1 stelaégng rfhe}g’ eélglengg%rﬁ,\ﬁ? e) fuel

punp, oil punp, gear x contro ect ronics assoc t hat
can provide thide ft%m@!lgl@ﬁéhr(lé (@hrust GiSoini FIGS. hemtli T, nekd ghlyi tegappnyxdmatstyi cs,

start, Yo 8B of co ti onal
Croerars! S | PSR TR NFEE o B BLRTL D AN e Be BE1E ' 12
tabl e 90 of Flad/cya tbmqueh@ge ah 7é?(etsphﬁ'm;cnpMeorgmllshaammgaﬁinasmdmdas a
Boei ng 737- 300cdﬂﬂ§ua%oﬂ%leggsfssﬁf gngraﬁe}nmg%gh}ozﬁtogg 1 and S(}r{lé %Og%ﬁ quds and

i ncludes two flight engines ch each wel he of Bunds.
Each of these Mpigghfor @ngfiaties prameigsnuch e eaVItoammfaf c¢xhlmm11s (bet, mﬁmﬁo 000ft
and, 22, 000, POUHISCRBEANA], SIASHABRGER (o bl Y8 kiaiQP 380 (i 72
is in level crui sgﬁ%oncll%t;l ons, (: y 9y nyc generat 85 3TV Hi se

t hrust bet weerslopelod gﬂ@p@eqt@@n@@mdgg dlfferent alrcraﬁ models and manufacturers),

the weight percentage and thrust percentage might be respectively increased to

maximum values of 10% and 15%. These percentages are significantly different
than those of current non-flight engines.

[0040] In addition to having a taxi thrust that is appropriately scaled to the total
flight engine takeoff thrust, an airplane’s taxi engine is preferably configured so that
its taxi thrust has a preferred relationship to its standard rated thrust so that it also
operates with high efficiency. The graph 96 of FIG. 10 plots efficiency veisus thrust
for typical gas turbine engines such as those in the Boeing 737-300. In particular,
engine thrust is shown aiong the horizontal axis of FIG. 10 as a percentage of the
engine’s standard rated thrust wherein standard rated thrust of an engine is the
maximum long-term recommended thrust — a gas turbine engine can exceed its rated
thrust but should only do so for limited time periods. Efficiency is shown along the
vertical axis wherein efficiency is defined herein as a ratio of pounds of thrust to
pounds of fuel consumed each hour.

{0041]  The plot 97 indicates that gas turbine flight engines exhibit high
efficiency when their thrust is operating between 33% and 100% of their rated
thrust. The plot 97 further indicates that the efficiency deteriorates rapidly as the

operating thrust is reduced below 33% of the rated thrust and as the operating thrust



[0038] It has been found (e.g., through taxiing tests with an exenplary
passenger aircraft) that an initial thrust level is required to initiate

t axi i ng ovoth@/@iéeraft and that a | esser thrust is reqeCTa$2600/00E2Rt ai N
taxiing. As a result of these taxiing tests, it has been determ ned that a
taxi engine for the Boeing 737-300 aircraft need only generate an
initiation thrust on the order of 3000 pounds and may weigh as little as600
pounds (this initiation thrust is the higher taxi thrust to initiate
taxiing that was introduced above). The taxi thrust and taxi engine weight
are shown in tihencreabddeabo@e 4H0% loGthedated tirtust icargeeBight engirfes typicatl@iricludg at est s
are summari zed,| I -+ [.0039 e table 92 shows,
therefore, t hg'? llgtg ﬁg&f% gé(?plgﬁ'gﬁ% %Ség‘f\ﬁeﬁfgﬁ?“dggé% &’f)eﬁfuﬁ Hiﬁa%&l’éﬁéﬁ?fa@gﬁv%'ﬂ%% of
the wei ght of stages twdueh helpi tphbroadent the éfficigidy plogilnesontrad, theatmillee theixi

engi ne thrust (i t i I 7 eed only be.approximat.ely 7.5%
of the total fllkglﬁlflﬁ) e?]tglﬁr(ﬁe.sntiq{% f“?dt ﬁ%%g?ré)yr aasftal% fssga%s\ﬁélfi’g%{éo%agggrﬂsage of
7.0% and/ or a affieiensy phas98an nargevesthan, thé/plos 9SG aridf itsdbwear andappercskirs! fals bfft axi i ng
initiation a”%&r@_’?%ﬂi&] ation for passenger aircraft. In order to provide a

i Ona

reasonabl e oper at margin for operating paraneters such as

envi ronnent al (884 t iThadlight enginescdfenmasicoger aircraftengteasathe Beging ABT-pO0 tre

condi tions (e.feferabl [.at l : s| ope and ui pnent
vari ati ons (o crregbRbRNa Rt SAGR KR drE bR e BT b R A o
per cent age anctdHO0%x ofptbric standagd rated tirus end espmoti effidignti wienehs edcraf’smaxi num

val ues.of 10% 0 : ifi at,L y _different than
t hose of cur roeﬂr? r?égn{ %ﬁ %gﬁﬁg%ﬁ'gﬁg@&?%%@f&f'ﬁ*’%&?‘%ﬁgﬁg‘}%“ﬂ‘éﬁ aﬁ%usa?dt axi
thrust that i do&pisraspHicanushyjowerdiddhmy aidng thegamiact thegint opergiimefat bilewf f _
thrust, an ai rabas@hsr fatel thRBGHNASd tﬁu?&p%;a‘?iﬁlgm & laigﬁlgfif}egﬁé%gt Qi 1at 1ts taxi

thrust has a preferred relationship to'its Stan rust so that it
al so oper at es [0943h hilyRomtrast, dheemugh splter gaxa sheig 78fof FIGS. 14, PBand 8 is

ef ficiency versserablr sbhtighell WiPhCated dffist AR MGk ﬁﬂgio‘a@éﬁﬁé’%‘ nfkidhdlgse 10

the Boeing 737-300. In particular,
efficiency when it is generating its taxi thrust. For example, the rated thrust of the
taxi engine is preferably chosen so that the taxi thrust of the taxi engine 70 falls in
the preferred region 99 of FIG. 10 that is between 40% and 100% of the taxi
engine’s rated thrust. When the passenger load is low and/or the fuel load is low, the -
taxi thrust may need to be towards the low end of the region 99 and when the
passenger load is high and/or the fuel load is high, the taxi thrust rriay need to be
towards the high end of this region. When these criteria are met, both the flight and
taxi engines will be operating at or near maximum efficiency and aircraft operating
costs will be significantly reduced.
[0044]  The embodiments of the disclosure described herein are exemplary and
numerous modifications, variations and rearrangements can be readily envisioned to

achieve substantially equivalent results, all of which are intended to be embraced

within the spirit and scope of the appended claims.
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engine thrust is shown along the horizontal axis of FIG 10 as a percentage
of the engine's standard rated thrust wherein standard rated thrust of an
engi ne i swoheowsxé2oum | ong-term recomended thrust - a gas/usoedjons2&8ngi ne
can exceed its rated thrust but should only do so for limted tinme periods.
Efficiency is shown along the vertical axis wherein efficiency is defined
herein as a ratio of pounds of thrust to pounds of fuel consuned each hour.
[ 0041] The plot 97 indicates that gas turbine flight engines exhibit high
efficiency when their thrust is operating between 33% and 100% of their
rated thrust. The plot 97 further indicates that the efficiency
deteriorates Qﬁ@}dly as the operating thrust is reduced bel ow 33% of the
rated thrust Ms the operating thrustis increased above 100% of the
rated thrust. Large flight engines typically i nclude a | arge nunber of |ow

.pressure (LP) and hi Su ressor and turbine stages which
hel p to broaden theAg‘Ff‘ngyéﬁE\feb%’b%‘ er%h 33 AL pOTtipRLOMmPESING: t axi engi ne
70 of FIGS. 7A, 7Bt aatact caxegﬁgmreaglhy pbéiﬁodee%ﬁ ssidageafiand ,coﬁ*ﬁgi@édjdo‘”lﬂéthll its
efficiency plo

wer th t ot 98,and i ower and u
skirts fall of el ern§m|9 %S‘?&ﬁﬁg‘ir p{"ﬁf ta{%‘?ﬁgp sy apd @ﬁﬂlgﬁééo direcy Sb‘és‘%‘&?ﬁg‘gr
aircraft such msmmhetﬂaaﬂhmu§QM£aﬂﬁ a2 preferably conflgured so that they
are generald y oper in.the i gn _bet ween, 33% a 100% of their
standard r aé't ed thr té}é ﬁlcrl‘e I Seal%gg &0 |°8?f\ﬁ‘l’ Wé’ﬁ"vt]%ea té?“r‘é“é* ‘t"h@h fipssght
‘engi nes are op®t axdead) 15 of kad takeoffitlresthhd arsdngedNoedirechsEtaki thght inengkines are
used to gener one! hrust a armac, they are
operating far atgﬁllstt(ﬁ%gﬁ t%? t17 pY S?anﬁélye ?a‘meui’gtsalgﬁ%eggg“l‘ﬂgge H&rating in a
hi ghly ineffici entsalldwlmehrust[tlﬁh@éb&]sufﬁ‘clanomtta)ashld airbeftrlong aislpal taxi engine-
70 of FIGS. 7A, 7B and 8 is preferably configured wwth a rated thrust such
that it is operating at maximnumefficiency when it is generating its taxi

thrust. For exanpl2e The isgsteratofdlaithriysthermin sdid taxadirue ”Rigen foti skcpydef . 6%addl ¥
chosen so thatg,{ha btk ust of the taxi engine 70 falls in

3. The system of claim 1, wherein all of said flight engines have, in total, a
flight engine weight and said taxi engine is configured with a taxi engine weight that
does not exceed 10% of said flight engine weight.

4. The system of claim 3, wherein said taxi engine weight does not exceed

7.0% of said flight engine weight.

5. The system of claim 3, wherein said taxi engine is further configured to
have a rated thrust such that said taxi thrust is between 40% and 100% of said rated

thrust so that said taxi engine efficiency approximates its maximum efficiency.

6. The system of claim 5, wherein:
said taxi thrust does not exceed 15% of said takeoff thrust; and

said taxi engine weight does not exceed 10% of said flight engine weight.
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the preferred region 99 of FIG 10 that is between 40% and 100% of the taxi
engine's rated thrust. \Wen the passenger load is |ow and/or the fuel | oad
is |ow, twWwenaxisié2brust may need to be towards the | ow eau/uskomiesseegi on 99
and when the passenger |load is high and/or the fuel load is high, the taxi
thrust may need to be towards the high end of this region. Wen these
criteria are net, both the flight and taxi engines will be operating at or
near maxi mum efficiency and aircraft operating costs will be significantly
reduced. [0044] The enbodi ments of the disclosure described herein are
exenpl ary and nunerous nodifications, variations and rearrangenents can be
readily envisioned to achi eve substantially equivalent results, all of

whi ch are intended" tTge BYstean Bt elaigy Lywhesgin saifl daxd pRging inghdesstropatabié engine
appended cl ai Norfiort toatlivert kaidAtak itk oSUSEE Rifrdih Mpidtd itk tta,mg' afy L1
portion, conprising: at |east gone flight engine positioned on Said aircraft
and confi gureoa’gcfﬁr}?ﬂ%i%gs&}dlta’Fllﬂa@ht engi nes together provide a takeoff thrust
and arranged to direct said takeoff thrust in a takeoff thrust direction;
and a taxi engine jn.said tail portion configured to provide a taxi thrust
whi ch does not excedl® $xdam P! clainy 7; whaeinfsaidiipiatableanging mogtingad atrotatibleect

sai d taxi thruahe bitl Qid @khuthRhpte s AildaSGER 8rdeBat s substantially the same
as said takeoff thrust direction; said taxi thrust thereby sufficient to
taxi said aircraft along a taxi path. 2. The systemof claim1l, wherein

said taxi thrust does nithoderdaeding AV aRéraahsl dafkR0ftl 14 IS g erﬁh% system
of claim1, wh reLng&lhggf sai d fliﬁgt engi nes have, in total, a I ght
d T

engi ne wei ght ‘AR Lienginen frgether prfdeqtitakgofli thrsh in #xfakeaffithrastnei ght
9 : ! . .
that does not diectiagthtetdd caipdisingitighiepgdgi Ne wei ght. 4. The system of
claim 3, wherein said,taxi engine m%ight does not exceed
providing a taxi thrust which does not exceed 15% of said takeoff thrust; and
5 directing said taxi thrust in a taxi thrust direction that is substantially the same

as said flight thrust direction to thereby taxi said aircraft along a taxi path.

10. The method of claim 9, wherein said providing step includes the step of
limiting said taxi thrust to 7.5% of said flight thrust.

11. The method of claim 9, wherein all of said flight engines have, in total, a
flight engine weight and further including the step of limiting a taxi engine weight
of said taxi engine to 10% of said flight engine weight.

12. The method of claim 11, wherein said limiting step includes the step of

further limiting said taxi engine weight to 7.0% of said flight engine weight.

13. The method of claim 11, further including the step of configuring said taxi

engine to have a rated thrust such that said taxi thrust is between 40% and 100% of
said rated thrust.
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7.0% of said flight engine weight. 5. The systemof claim3, wherein said
taxi engine is further configured to have a rated thrust such that said
taxi thruww0 20®/3ed22een 40% and 100% of said rated thrustcIwskévanoisas d taxi
engi ne efficiency approximtes its maxi num efficiency. 6. The system of
claim5, wherein: said taxi thrust does not exceed 15% of said takeoff
thrust; and said taxi engi ne wei ght does not exceed 10% of said flight

engi ne weight.7. The systemof claim1, wherein said taxi engine includes a
rotatable engine portion to divert said taxi thrust over an azinuth angle
to assist taxiing of said aircraft along said taxi path. 8. The system of
claim?7, wherein sai rot%t bl e engine portion is a rotatable vane and said
azimith angle is atf IRt P@H ‘aé‘g’r&eé".he@!“:A met hod for taxiing an aircraft
that carries at | eaitprévViging kiefMclRiRYiHR QPR TiRlitheald thiil (bt BNGH GSalgoget her
provide a takegpff thrust in a takeoff thrust direction, the netho

conpri si ng thef?glftéb?%ii‘?d providing a taxi thrust which does not exceed 15%
of said takeoff thaidSimitiageteglinchales e sipl of fhdhedr lidMiniSdaid AxPerd wéigﬁtUSt
di rection E;at ilgo/s%bs.t gﬁti a I_% the sane as said flight thrust direction to
thereby tax s8itd%eAtispfllight spgagweightaxi path. 10. The method of claim 9,
wherein said providing step includes the step of limting said taxi thrust
to 7.5% of said fIigR%jl thrUSt'otinl' The nethod of claim9, wherein all of
said flight enginés haWs! syfiemqfonan aircralt gt inalglenat deastrne fhghtt enginger

i ncl udi ng t he cohfigured sd it il Mgla engines QPEIMBCPRIAE AL talfofSaintht §2Xtal@BfH Ne to
10% of said flt' ht ..engi ne .Xvei ght. 12. The method of claim 11, wherein said
limting step THeIIEYon, frid BESysism ¢OmATSIE: | initing said taxi engine wei ght
to 7.0%of said flaitghitengingimnaidwiceift andb3nfighdl 5pkVRE: OhxiGhAsWHiln adddr t her

i ncl uding tshe 17 g)&:egc{ 159% r(])fflsa%%I {alkggff alal’.lllsq attuile a)l(rlranged to direct said taxi thrust in a taxi

thrust direction that is substantially the same as said takeoff thrust direction;

said taxi thrust thereby sufficient to taxi said aircraft along a taxi path.

16. The system of claim 15, wherein said taxi thrust does not exceed 7.5% of
said takeoff thrust.

17. The system of claim 15, wherein all of said flight engines have, in total, a
flight engine weight and said taxi engine is configured with a taxi engine weight that
does not exceed 10% of said flight engine weight.

18. The system of claim 17, wherein said taxi engine weight does not exceed

7.0% of said flight engine weight.
19. The system of claim 15, wherein said taxi engine is further configured to

have a rated thrust such that said taxi thrust is between 40% and 100% of said rated

thrust so that said taxi engine efficiency approximates its maximum efficiency.
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engine to have a rated thrust such that said taxi thrust is between 40% and
100% of said rated thrust.14. The nethod of claim 13, wherein: said

provi di ngvetep/ismkudes the step of limting said taxi wPrhrastowoo3s29o of
said flight thrust; and said Iimting step includes the step of further
limting said taxi engine weight to 10% of said flight engine weight. 15. A
taxi systemfor an aircraft that includes at |east one flight engine
configured so that all flight engines together provide a takeoff thrust in
a takeoff thrust direction, said taxi systemconprising: a taxi engine in
said aircraft and configured to provide a taxi thrust which does not exceed
15% of said takeoff thrust and arranged to direct said taxi thrust in a
taxi thrust direct$bdhe pstem of daimskdawheraint y t he sane as said takeoff thrust
direction; said tasid dkirtsbt fikd, G i.«Saisd aircraft al ong
a taxi path. 16. The sy,ste,mdc())?,ﬁé(???%é%?A)\Cfeﬁfg?gidnkg%%?ﬁh?hﬁd t hrust does not
exceed 7.5% of sai @4 @Xisasine Meightdoes not exverd 19)sofsaiddlightleagine wSighther ei n al |
of said flight engines have, in total, a flight engine weight and said taxi
engine is configured with a taxi engine wei ght that does not exceed 10% of
said flight engine weight. 18. The system of claim 17, wherein said taxi
engi ne wei ght does not exceed 7.0% of said flight engine weight. 19. The
system of claim 15, wherein said taxi engine is further configured to have
a rated thrust such that said taxi thrust is between 40% and 100% of said
rated thrust so that said taxi engine efficiency approximtes its maxi num
efficiency.20. The system of claim 19, wherein: said taxi thrust does not
exceed 15% of said takeoff thrust; and said taxi engi ne wei ght does not
exceed 10% of said flight engi ne weight.
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