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extension of existing aircraft to increase interior
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DETAILED DESCRIPTION
[0005] The present inventor has recognized that when modifying an existing
aircraft by inserting plugs within the fuselage, one difficulty of maintaining
airworthiness lies in the fact that the effects of the plug installation extend beyond the
immediate insertion point. Typically, the fuselage design loads between the plug
insertion point and the wing to body joint are significantly increased. This load
increase requires the installer to: (1) minimize the affected structure by inserting the
plug as close to the wing as possible; (2) perform extensive structural analysis; and (3)
in most cases perform significant structural re-enforcement in addition to the plug
installation itself. In addition to these difficulties, the lengthened fuselage changes the
fuselage modal frequencies of the aircraft. This change in modal frequency has an
effect on the flutter characteristics of the aircraft.
[0006] A preferred aircraft modification method may address one or more of

the problems listed above by rebalancing the aircraft as follows:
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addition of the extension plug 30.

[0011] As shown in the drawing, the extension plug 30 is preferably disposed
in the aft section 26 in a region of constant diameter prior to the reducing diameter at
the transition to the tail section 28. This preference for positioning the extension plug
30 in the aft fuselage section 26 may be considered counter-intuitive for a number of
reasons. First of all, the aft fuselage is considered to be more highly loaded than the
forward fuselage due to the tail surfaces. In addition, the dynamic effects are also
more significant, because of the aerodynamic interaction with those same tail
surfaces. A third effect of an aft fuselage plug is that the center of gravity of the
aircraft is moved aft. This effect applies both to an empty aircraft and to an aircraft

with payload, because the payload space runs further aft. This effect has caused other
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requifeiinit FREEATes the desire for a plug. On a passenger aircraft, a requirement
could be the addition of seat rows. Seat rows are spaced at a pitch (seating position to
seating position) of between 29 and 32 inches for standard tourist class seating. The
plug length would logically be set at a multiple of the desired seat pitch, such as about
60 inches to allow two additional rows. On a freighter aircraft, the pallet longitudinal
size would be the determining factor. On a Boeing 757 Freighter the most common
pallet pitch is 89 inches. Thus, a plug length of 89 inches would allow an existing
757 freighter to carry one additional pallet. However, shorter plugs can be useful too,
because the available cabin length is never a precise multiple of the pallet pitch. This

imprecision causes the aircraft to have some unused length already. Therefore,

modification with a shorter plug, i.e., shorter than 89 inches, can provide an increase
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doors or miscellaneous interior items makes this location impractical. An existing
circumferential splice is often the most practical location, because this location is
where the fuselage sections were merged in the factory.

[0016] A preferred method turns each of these difficulties into assets to
accomplish the goal of efficiently increasing interior space. The (higher) loading on
the aft fuselage compared to the forward fuselage is an asset because the aft fuselage
loading can be controlled, whereas the forward fuselage critical design loads cannot.

A preferred method for controlling the loads is discussed in the next section. The
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[0019] A preferred method for increasing the length of the existing aircraft to
increase interior space within the fuselage, may comprise the steps of installing a
single extension plug section within the fuselage by (1) separating part of the aft
fuselage and including the tail section from the remaining fuselage, the separation
point being aft of the wing attachment; (2) joining a first end of the plug section to the
separated aft fuselage with standard fuselage splicing technique; (3) attaching a

second end of the extension plug section to the remaining fuselage with standard

fuselage splicing technique. Steps 2 and 3 may be done in either order.



frequency toward the bendi ng node frequency. [0017]
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flight manual along with the aft limit already mentioned in the discussion. The
distance between the forward and aft limit is called the center of gravity range as
explained above. A narrow range requires very precise loading of the aircraft to
remain inside the limits for the duration of the flight including the effects on center of
gravity of fuel burn and passenger movement. This requirement argues against
restricting the forward limit. However, this preferred aircraft extension method re-
balances the aircraft about a center of gravity that is further aft. As shown in Fig. 3,

the existing forward limit is further away from the new fuel trace 60 than from the

original fuel trace 50. This increased range allows for a greater deviation forward
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reqtiliged 1Bagnitude exiust thagirtaftwedinkel therplug |11$:r¢a$c$ the mcmeny arm, the
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new forward limt 42 and a new forward
plane.

[0024] When gust loads are considered, the same reasoning is applied to the
size of the tail surfaces. These surfaces need not be quite as large when placed further
aft by the plug. Thus, the gust loads can be reduced. The same effect can be
accomplished by manipulating the rudder and/or elevator angle to reduce peak
loading.

[0025] While preferred systems and methods for extending the length of an
aircraft have been shown and described, it will be apparent to one skilled in the art

that modifications, alternatives and variations are possible without departing from the



margin 44. The forward margins are kept approxi mately
the sane so that the restriction will not inpact
wop@sasilohs by the need to | oad the aircraft nRCEUS2008/065668
precisely. Thus, the re-balancing in conbination with
t he simul taneous aft novenent of the forward and aft
[imts maintains approxi mately the sane avail abl e
inG&itive comdep@rsaviokth hetsg €TRG efoes, eHcCinvdiliios i endee aLdtfbrace
of the aft fusel age plug shifts the aircraft center of
allyyugh moglifiqatign RlterNaENes ARG Y aHH@Nf-equi red reduction in
| oad may be acconplished through a forward center of
gravity cut-back w thout operational consequences.
[0023] A final type of load condition that needs to be
consi dered has an aerodynam c input fromthe tail as
the dom nant force. This force has not changed due to
the plug. However, the arm has been increased so that
bendi ng nonments forward of the plug would be
i ncreased. These | oads can be controlled by reducing
the control authority of the elevator and the rudder.
The purpose of these control surfaces is to produce
enough force to deliver a nonment at the center of
gravity of the required magnitude to turn the
aircraft. Since the plug increases the nonent arm the
requi red nonent can now be reached with | ess force.
Moreover, the unit force input can be reduced by an
anmount that is enough to keep the |load forward of the
plug at the level it was at prior to plug
installation. The wing and the fusel age forward of the
plug are unaware that they are kept in bal ance by a
| onger tail with less effort fromthe stabilizer with
el evators in the vertical plane or the fin with rudder
in the horizontal plane. [0024] Wen gust | oads are
consi dered, the sane reasoning is applied to the size
of the tail surfaces. These surfaces need not be quite
as |l arge when placed further aft by the plug. Thus,
the gust | oads can be reduced. The sane effect can be
acconpl i shed by mani pul ati ng the rudder and/or
el evator angle to reduce peak |oading. [0025] Wile
preferred systens and nethods for extending the |ength
of an aircraft have been shown and described, it wll
be apparent to one skilled in the art



that nodifications, alternatives and variations are
possi bl e wi thout departing fromtheinventive concepts
w@easfismdh herein. Therefore, the invention i SPCRAUSINIES668
to enbrace all such nodifications, alternatives and
variations.Wiat is clainmed is: 1. In an existing
aircraft including a fuselage, a w ng section and a
tail section with horizontal and vertical surfaces, a
met hod for_ increasing the Iength of the existing
Whntig clied 50 i ncrease interior space within the
fusel age, conprising the steps of: installing a single
extension plug section within the fusel age by
separ.at i Ny apaxistiog airbreftafdluding e lfagkge] wlngdiectipr dnd a tail
tail section, fromthe remaining fuselage; joining th
seghqrewEh gﬂ“fﬂ%’d L APIGH Pateied EEpadpeackptihg thedriggle of the
exitinl BEARAS. LS BltaeS PRl CitlE tleebilh QUomBLLiRE HeNtps of:
the extension plug section to the remal ni ng fusel age
wi t hnsthldindansthdasaetrmgm [pg saciing withohthe duselag? by Aepreatingcpart

cording to ¢laim,1 wherein the standard fusel age .
ofdf i Pisg et o8 gl Sixdiony e he SRET s PEReR s Sgine the
extdiRioRArpled ftioid hE ddpardidd ME hldeReOAREnHAG fhBMREispli@ng

attachment for the plug. 3. A nethod according to
teehnaques 2ttfchingtibe extomien plnggeatodite (hengmaipargupaigge with
Séﬂ&ﬁ&ﬁ%ﬁgnss £H5Q3ma}59raft to mtigate increases in
St cal %%éﬁgngloa §%ue to the | engt hened aft
fusel age, in particular a forward center of gravity

range cut-back. 4. A nethod according to claim3 o
further comsithad acgoidamteickims| Vzberalﬁdg%?ta@%% Etsphpem eiging
tefﬁni R cioe§‘ Hétfr@(%sl% Ileﬂlf&{:gtﬂglittdf A 4D ilfm.air@&%tes%ﬁﬁre beyond the
everage arm those Surfaces relative to the center
inofedjgtauitichnetuefor thegllug i nsertion to mai ntai n equa
aircraft stability and control authority. 5. A nethod
according to claim1 further conprising reducing

r ol , ‘ : e .
SottTon amadd decblaifitog) i AFMERINAR it dfkriting
liraggomd ioh thetagreif atio mii g ath erce¢aset inerigicaplesifen desdlg diner tp the
cont rql thority of an el evator conpri a cha in
tefteren e, Wil rdoBr ot Sep et iR fef PR

achieved for a given control actuator input.7. A

met hod according to claim1 further conprising
reduti ng 4 orthast acgendier totolaief3 Artheioperprisoigriedisde size and/or

ef%e%ﬁ?én%gs (Lfotgﬁj Surfaces in proportion to an increased leverage arm of those
surfaces relative to the center of gravity due to plug insertion to maintain equal

aircraft stability and control authority.

5. A method according to claim 1 further comprising
reducing control authority of an elevator contained in the tail section to reduce

vertical loads.

6. A method according to claim 5 wherein the step of reducing control
authority of an elevator comprises a change in the linkage of said elevator to reduce

the deflection achieved for a given control actuator input.



8. A nethod according to claim7 wherein the step of
reduci ng control authority of a rudder conprises a
web@sgei1dh the |inkage of said rudder to reduckCT/Hg2008/065668
defl ection achieved for a given control actuator
input. 9. The nethod of claim11 further conprising
reduci ng vertical |oads on the aft fusel age by
reduti ng AinZghdaf acebiditponicromt lfurthad donfpsiraceducls cotliel
met hod of claim1 further conprising reducing |atera
authpsigy obmrudder erredycgdupaboagy reduci ng size of the
vertical tail surface. 11. The nethod of claim1
further conprising reducing vertical |oads on the aft
fused.age Ayneladd aceordanyt toelaimf7 whaviatthe stap gf dudiRg cdittel

method_of claim 1 further conprjsing reducing |atera
authpaigy oby ryddar CampPTEsgE A r 65@312&1 3% donatd yadgto reduge the

ARG S achRvedordl &i ¢l dnuBPslinddi&dnpdom an exi sting

aircraft, conprising a fuselage; a w ng section; a
tail section with horizontal and vertical surfaces; a

si ngl e ext.ensi on . secti.on inserted within th

U oo HEnReBha B RiaRl epBRTURS eabbd Ersifigags on
th@hft FiiR126k BY réRtigize dfiike BiARNRI AN dkfdee. section joi ned

to the remai ning fusel age section and the aft fusel age

section via a fusel age splicing technique.

10. The method of claim 1 further comprising reducing lateral loads on the

aft fuselage by reducing size of the vertical tail surface.

11. The method of claim 1 further comprising reducing vertical loads on

the aft fuselage by active control of elevator angle.

12. The method of claim 1 further comprising reducing lateral loads on the

aft fuselage by active control of rudder angle.

13. An aircraft modified from an existing aircraft, comprising

a fuselage;

a wing section;

a tail section with horizontal and vertical surfaces;

a single extension plug section inserted within the fuselage between the tail
section and a position aft of the wing section, the extension plug section joined to the
remaining fuselage section and the aft fuselage section via a fuselage splicing

technique.
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