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Aircraft fuselage structures have reinforcement members in 
the vicinity of the stringer openings formed in frame mem 
bers and are rigidly lap joined to a surface region of the frame 
members by a friction stir Weld region. Such aircraft fuselage 
structural components may thus be provided With plural lon 
gitudinally spaced-apart frame members de?ning a transver 
sal cross-section of an aircraft fuselage section, the frame 
members having a plurality of stringer holes therethrough, 
and plural longitudinally oriented stringers each being posi 
tioned Within a respective one of the stringer holes of the 
frame member. The reinforcement members are lap joined to 
corresponding surfaces of frame members in the vicinity of 
the stringer holes such that the reinforcement members are 
joined rigidly to the corresponding surfaces of the frame 
members by a friction stir Weld region. 
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AIRCRAFT FUSELAGE STRUCTURAL 
COMPONENTS AND METHODS OF MAKING 

SAME 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to structural 
components for aircraft fuselages and methods of making the 
same. In preferred embodiments, the present invention relates 
to structural panels for aircraft fuselages formed of transver 
sal frame members and longitudinal stringers Whereby 
stringer holes through the frame members are structurally 
reinforced. 

BACKGROUND OF THE INVENTION 

[0002] An aircraft fuselage is typically constructed as a 
series of longitudinally spaced circumferential frame mem 
bers Which de?ne the general transversal (cross-sectional) 
fuselage shape, and a series of spaced stringer members run 
ning longitudinally With respect to the aircraft fuselage Which 
contribute to the stiffness of the external skin. Together, the 
frames and stringers constitute a robust internal structure that 
provides support to the external fuselage skin. 
[0003] The fuselage skin covers various members of the 
internal support structure and is typically formed of a single 
piece or separate pieces of relatively thin material joined to 
the internal frames and stingers With skin splice straps. The 
frames and stringers are attached to the skin using different 
techniques. Usually, the stringers are installed to the skin in an 
earlier stage of the manufacturing cycle, using rivets and/or 
adhesives, to form stiffened skin panels. In a later stage, the 
stiffened skin panels are spliced and attached to the frames. 
The corresponding segments of the frames may be installed 
With each stiffened skin panel, forming framed stiffened skin 
panels. In a subsequent stage, the framed stiffened skin panels 
are assembled, and the skins and frames spliced to form a 
fuselage section. These stages are repeated until the fuselage 
is constructed. 
[0004] For those fuselage designs Which have the frame 
members attached directly to the skin, there is a requirement 
that transverse openings need to be formed at appropriate 
locations to alloW the stringers to pass therethrough. These 
openings, colloquially termed “mouse holes”, impose severe 
penalties on the strength of the frame members. As such, it is 
necessary to reinforce the frame members at the stringer 
openings in order to restore the frame member’s original 
design strength. 
[0005] Various techniques can be found in the prior art 
regarding hoW to structurally strengthen stringer openings 
formed in fuselage frame members. For example, reinforce 
ment members have been proposed to be riveted to the frame 
member in the vicinity of the stringer openings. HoWever, this 
prior riveting technique has the disadvantage that the frame 
member must be drilled in order to accommodate the rivets, 
thereby sacri?cing some of the frame member’s structural 
integrity and strength. Alternatively, bonding a reinforcement 
piece has been proposed but this technique has the disadvan 
tage that the reinforcement piece does not possess the same 
material strength compared to the frame member. Prior 
strengthening techniques are evident in US. Pat. Nos. 4,310, 
132; 6,648,273 and 7,134,629, the entire content of each 
being expressly incorporated hereinto by reference. 
[0006] It Would be desirable if stringer openings could be 
reinforced Without the need for riveting and/ or bonding of the 
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reinforcement piece to the frame member. It is toWards ful 
?lling such need that the present invention is directed. 

SUMMARY OF THE INVENTION 

[0007] Broadly the present invention is embodied in air 
craft fuselage structures having reinforcement members in 
the vicinity of the stringer openings formed in frame mem 
bers and rigidly lap joined to a surface region of the frame 
members by a friction stir Weld region (e.g., a Weld region 
formed by a friction stir Welding process). 
[0008] According to some embodiments, an aircraft fuse 
lage structural component is provided Which comprises plural 
longitudinally spaced-apart frame members de?ning a trans 
versal cross-section of an aircraft fuselage section, the frame 
members having a plurality of stringer holes therethrough, 
and plural longitudinally oriented stringers positioned Within 
respective ones of the stringer holes of the frame member. The 
reinforcement members are most preferably formed of the 
same metal as the frame members to Whom they are joined. In 
this regard, the reinforcement members are lap joined to 
corresponding surfaces of frame members in a vicinity of the 
stringer holes in such a Way that the reinforcement members 
are joined rigidly to the corresponding surfaces of the frame 
members by a friction stir Weld region. Certain embodiments 
of the invention Will include reinforcement members Which 
comprise a continuous or discontinuous structure. A fuselage 
skin may be attached to the frame members and/or stringers. 

[0009] According to some embodiments, the friction stir 
Weld region is a continuous friction stir Weld line. Altema 
tively or additionally, spot and/or discontinuous friction stir 
Welds (With or Without tool exit holes) may be employed. 
[0010] In some embodiments, the reinforcement members 
comprise an L-shaped ?anged structure having one ?ange 
rigidly lap joined to a corresponding surface region of the 
frame member by the friction stir Weld region. Alternatively 
or additionally, the reinforcement members comprise one of a 
curved plate rigidly lap joined to a corresponding surface 
region of the frame member by the friction stir Weld region. 
[0011] The reinforcement members may be in the form of a 
reverse S-shaped structural member having a ?ange rigidly 
lap joined to a corresponding surface region of the frame 
member by the friction stir Weld region. The ?ange of the 
S-shaped structural member may be rigidly lap joined to 
?ange of the frame member. Alternatively, the ?ange of the 
S-shaped structural member may be rigidly lap joined to a 
center span of the frame member. 

[0012] The reinforcement members may alternatively or 
additionally comprise a reinforcement bar positioned later 
ally of a stringer opening and rigidly lap joined to a corre 
sponding surface region of the frame member by the friction 
stir Weld region. 
[0013] According to other embodiments of the invention, 
methods of making an aircraft fuselage structural component 
are provided Which comprise providing plural longitudinally 
spaced-apart frame members de?ning a transversal cross 
section of an aircraft fuselage section, the frame members 
having a plurality of stringer holes therethrough, positioning 
plural longitudinally oriented stringers Within respective ones 
of the stringer holes of the frame members. Such stringer 
holes are structurally reinforced by lap joining reinforcement 
members to corresponding surfaces of frame members in the 
vicinity of the stringer holes. The reinforcement members are 
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friction stir Welded rigidly to the corresponding surfaces of 
the frame members to form a friction stir Weld region ther 
ebetWeen. 
[0014] These and other aspects and advantages Will 
become more apparent after careful consideration is given to 
the folloWing detailed description of the preferred exemplary 
embodiments thereof. 

BRIEF DESCRIPTION OF THE 
ACCOMPANYING DRAWINGS 

[0015] Reference Will hereinafter be made to the accompa 
nying draWings, Wherein similar reference numerals through 
out the various FIGURES denote similar structural elements, 
and Wherein; 
[0016] FIG. 1 is a perspective vieW of an aircraft Which 
includes a structural panel in accordance With an embodiment 
of the present invention; 
[0017] FIG. 2 is more detailed perspective vieW of a struc 
tural panel portion in accordance With an embodiment of the 
present invention; 
[0018] FIG. 3 is a cross-sectional elevational vieW of the 
structural panel depicted in FIG. 2 as taken along line 3-3 
therein; 
[0019] FIGS. 4-7 are cross-sectional elevational vieWs 
comprising other exemplary embodiments of a structural 
panel in accordance With the present invention; 
[0020] FIG. 8 is a perspective vieW of another structural 
panel portion in accordance With another embodiment of the 
present invention; and 
[0021] FIG. 9 is an enlarged cross-sectional vieW of the 
aircraft structural panel shoWn in FIG. 8 taken along line 9-9 
therein. 

DETAILED DESCRIPTION OF THE INVENTION 

[0022] Accompanying FIG. 1 depicts an aircraft 10 Which 
includes a fuselage 12 constructed of a number of conjoined 
structural panels 1211 Which embody the present invention. It 
is understood of course that FIG. 1 only shoWs a representa 
tive number of such panels 1211. Thus, substantially the 
entirety of the fuselage Will be formed of panels 1211 joined 
together. 
[0023] As is shoWn in greater detail in accompanying 
FIGS. 2 and 3, each structural panel 12a is formed of longi 
tudinally spaced-apart circumferential frame members 14 
Which de?ne the general transversal (cross-sectional) shape 
of the fuselage 12, and a series of spaced apart stringer mem 
bers 16 running longitudinally With respect to the aircraft 
fuselage 12. The frame and stringer members 14, 16, respec 
tively, are attached directly to the fuselage skin 18 by any 
suitable means, such as riveting, bonding and the like. 
[0024] As shoWn in FIG. 3, a stringer opening 20 is de?ned 
in the frame members 14 in registry With the location of 
individual stringer members 16 so as to alloW the latter to pass 
physically through the former. In order to restore structural 
strength and integrity to the frame members 14, Which Were 
compromised by the openings 20, a reinforcement member 
22 is overlapped With a corresponding surface region of the 
frame member 14 in the vicinity of the opening 20 thereby 
forming a lap joint. The reinforcement member 22 is shoWn in 
FIG. 3 in the form of a ?anged L-shaped structure, but as Will 
become evident from the discussion beloW, other structural 
forms of reinforcement members 22 are equally effective. 
One ?ange of the reinforcement member 22 is thus lap joined 
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With and rigidly a?ixed to an overlapped surface region of the 
frame member 14 by means of a friction stir Welding (FSW) 
process along a lap joined Weld region 24. The other ?ange of 
the reinforcement member extends outWardly at right angle 
from the overlapped surface region of the frame member 14. 
In such a manner, structural reinforcement is provided to the 
frame member 14 in the vicinity of the stringer opening 20. 
[0025] The reinforcement members 22 may be discontinu 
ous as shoWn in solid line in FIGS. 2 and 3 in Which case they 
are located superiorly adjacent to a respective opening 20. 
Alternatively, as shoWn in dashed line in FIG. 2, the reinforce 
ment member 22 may be a continuous structural member 
coextensive With the frame members 14. 
[0026] Virtually any FSW process may be employed to 
provide the lap joint friction stir Weld region 24 joining rig 
idly the reinforcement members 22 to an overlapped surface 
region of a respective frame member 22. In preferred embodi 
ments according to the present invention, the friction stir Weld 
region is a continuous Weld Which may or may not include a 
corresponding FSW process tool exit hole. As shoWn in the 
accompanying FIGURES, the friction stir Weld region 24 is 
formed Without a tool exit hole, that is, having the tool exit 
hole ?lled (e.g., as disclosed in US. Pat. No. 6,722,556, the 
entire content of Which is expressly incorporated hereinto by 
reference). Friction stir spot Welding (FSSW) or segmented 
friction stir Welding (SFSW) (again With or Without respec 
tive tool exit holes) may also be employed to form the friction 
stir Weld region 24. Suitable FSW processes to form lap 
joined friction stir Weld regions are more fully disclosed in 
US. Pat. Nos. 7,225,966 and 7,240,821, the entire content of 
each being expressly incorporated hereinto by reference. 
[0027] Alternative embodiments of frame reinforcement 
structures are depicted in accompanying FIGS. 4-9. In this 
regard, as shoWn in FIG. 4, the reinforcement member 2211 is 
lap joined to the surface of the frame member 1411 in the form 
of a curved plate superiorly adjacent to the frame opening 20. 
[0028] A centrally located lap joined friction stir Weld 
region 2411 thus rigidly joins the reinforcement member 2211 
to a surface region of the frame member 1411. In the embodi 
ment depicted in FIG. 5, the frame member 14b has a gener 
ally S-shaped cross-section (as compared to the generally 
C-shaped cross-section of frame member 14 depicted in 
FIGS. 2 and 3). A mirror image (reverse) S-shaped cross 
section reinforcement member 22b is positioned above the 
frame member 14b and includes a ?ange surface region lap 
joined by means of a FSW process to an overlapped ?ange 
surface region of the frame member 14b to thereby form a 
friction stir Weld region 24b. 
[0029] In the embodiment depicted in FIG. 6, a frame mem 
ber 140 having a generally C-shaped cross-section includes a 
reinforcement bar 220 lap joined to a surface thereof. The thus 
lap joined reinforcement bar 220 and frame member 140 are 
rigidly joined to one another laterally adjacent the stringer 
hole 20 (not shoWn in FIG. 6, but see FIG. 3 for reference). 
[0030] The embodiment depicted in FIG. 7 includes a 
cross-sectionally reverse S-shaped reinforcement member 
22d overlapped With a center span region of a cross-section 
ally reverse C-shaped frame member 14d by means of a lap 
joined friction stir Weld region 24b formed With a FSW pro 
cess. 

[0031] The structural panel 12a’depicted in accompanying 
FIG. 8 is formed of longitudinally spaced-apart frame mem 
bers 14e de?ning respective stringer openings through Which 
respective longitudinal stringers 16 pass. The frame members 
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14e and stringers 16 are attached to the fuselage skin 18 by 
any suitable means, such as riveting, bonding and the like. 
[0032] As shoWn in FIG. 9, the frame members 14e are 
most preferably a C-shaped structural element. A continuous 
reinforcement bar 25 is rigidly attached to an inner surface of 
the frame member 14e by means of a FSW process to thereby 
form a friction stir Weld region 24e. In such a manner, the 
stringer opening through Which the frame member 14e passes 
is structurally reinforced by the reinforcement bar 25. 
[0033] While the invention has been described in connec 
tion With What is presently considered to be the mo st practical 
and preferred embodiment, it is to be understood that the 
invention is not to be limited to the disclosed embodiment, but 
on the contrary, is intended to cover various modi?cations and 
equivalent arrangements included Within the spirit and scope 
of the appended claims. 
What is claimed is: 
1. An aircraft fuselage structural component comprising: 
plural longitudinally spaced-apart frame members de?n 

ing a transversal cross-section of an aircraft fuselage 
section, the frame members having a plurality of stringer 
holes therethrough; 

plural longitudinally oriented stringers, each of the string 
ers being positioned Within a respective one of the 
stringer holes of the frame members; and 

reinforcement members lap joined by a friction stir Weld 
region to corresponding surfaces of the frame members 
in a vicinity of the stringer holes. 

2. The component of claim 1, Wherein the reinforcement 
member comprises a continuous or discontinuous structure. 

3. The component of claim 1, further comprising a skin 
attached to the frame members and/or stingers. 

4. The component of claim 1, Wherein the friction stir Weld 
region is a continuous friction stir Weld line. 

5. The component of claim 1, Wherein the reinforcement 
members comprise an L-shaped ?anged structure having one 
?ange rigidly lap joined to a corresponding surface region of 
the frame member by the friction stir Weld region. 

6. The component of claim 1, Wherein the reinforcement 
members comprise a curved plate rigidly lap joined to a 
corresponding surface region of the frame member by the 
friction stir Weld region. 

7. The component of claim 1, Wherein the reinforcement 
members comprise a reverse S-shaped structural member 
having a ?ange rigidly lap joined to a corresponding surface 
region of the frame member by the friction stir Weld region. 

8. The component of claim 7, Wherein the ?ange of the 
S-shaped structural member is rigidly lap joined to ?ange of 
the frame member. 

9. The component of claim 7, Wherein the ?ange of the 
S-shaped structural member is rigidly lap joined to a center 
span of the frame member. 

10. The component of claim 1, Wherein the reinforcement 
members comprise a reinforcement barpositioned laterally of 
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a stringer opening and rigidly lap joined to a corresponding 
surface region of the frame member by the friction stir Weld 
region. 

11. The component of claim 1, Wherein the reinforcement 
members comprise a reinforcement barpositioned laterally of 
a stringer opening and curved plate rigidly lap joined to a 
corresponding surface region of the frame member by the 
friction stir Weld region. 

12. A method of making an aircraft fuselage structural 
component comprising: 

providing plural longitudinally spaced-apart frame mem 
bers de?ning a transversal cross-section of an aircraft 
fuselage section, the frame members having a plurality 
of stringer holes therethrough; 

positioning each of a plurality of longitudinally oriented 
stringers Within a respective one of the stringer holes of 
the frame members; 

structurally reinforcing the stringer openings by lap j oining 
reinforcement members to corresponding surfaces of 
frame members in a vicinity of the stringer holes, and 

friction stir Welding the reinforcement members rigidly to 
the corresponding surfaces of the frame members to 
form a friction stir Weld region therebetWeen. 

13. The method of claim 12, Wherein the reinforcement 
member comprises a continuous or discontinuous structure. 

14. The method of claim 12, further comprising attaching a 
skin to the frame members and/ or stingers. 

15. The method of claim 12, Wherein the step of friction stir 
Welding forms a continuous friction stir Weld line. 

16. The method of claim 12, Wherein the reinforcement 
members comprise an L-shaped ?anged structure, and 
Wherein one ?ange of the structure is rigidly lap joined to a 
corresponding surface region of the frame member by the 
friction stir Weld region. 

17. The method of claim 12, Wherein the reinforcement 
members comprise a curved plate rigidly lap joined to a 
corresponding surface region of the frame member by the 
friction stir Weld region. 

18. The method of claim 12, Wherein the reinforcement 
members comprise a reverse S-shaped structural member 
having a ?ange rigidly lap joined to a corresponding surface 
region of the frame member by the friction stir Weld region. 

19. The method of claim 18, Wherein the ?ange of the 
S-shaped structural member is rigidly lap joined to a ?ange of 
the frame member. 

20. The method of claim 18, Wherein the ?ange of the 
S-shaped structural member is rigidly lap joined to a center 
span of the frame member. 

21. The method of claim 12, Wherein the reinforcement 
members comprise a reinforcement barpositioned laterally of 
a stringer opening and is rigidly lap joined to a corresponding 
surface region of the frame member by the friction stir Weld 
region. 


