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(57) ABSTRACT 
A lightweight aircraft passenger seat assembly comprises at 
least one seat portion and at least one Supporting portion for 
Supporting the at least one seat portion relative to an aircraft 
structure. In order to provide an improved lightweight 
aircraft passenger seat assembly having a reduced weight, 
size and complexity as compared to conventional light 
weight passenger seat designs, the invention provides a 
lightweight aircraft passenger seat assembly, comprising at 
least one seat portion with at least one seat shell for an 
aircraft passenger and at least one Supporting portion for 
Supporting the at least one seat portion relative to an aircraft 
structure, wherein the at least one seat shell and the at least 
one Supporting portion are constructed as lightweight com 
ponents. 
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LIGHTWEIGHT AIRCRAFT PASSENGER 
SEAT ASSEMBLY 

TECHNICAL FIELD 

The invention relates to a lightweight aircraft passenger 
seat assembly, comprising at least one seat portion and at 
least one Supporting portion for Supporting the at least one 
seat portion relative to an aircraft structure. 

BACKGROUND 

Conventional aircraft passenger seat assemblies regularly 
comprise a Support structure with two cross beams extend 
ing in the aircraft's widthwise orientation and Supported by 
legs, wherein armrest hangers and passenger seats are alter 
nately attached alongside the two cross beams So as to form 
an aircraft passenger seat assembly with several seats. Since 
the legs, the crossbeams, the hangers and the framework of 
the seats are regularly made from heavy metal components, 
the conventional aircraft passenger seat assemblies signifi 
cantly contribute to the overall weight of an aircraft, and 
limit the overall seating capacity and profitability, respec 
tively, of commercially operated aircrafts. 
A need for having a lightweight aircraft passenger seat 

with Smaller fore-aft dimensions compared to conventional 
passenger seat designs has been identified and satisfied e.g. 
by the documents US 2007/267543 A, US 2008/150342 A. 
US 2008/282523 A or US 2008/290242 A. 

However, these known solutions still leave room for 
considerable reductions in weight, size and complexity of 
the lightweight aircraft passenger seat assembly. A reduction 
in weight and size of the lightweight aircraft passenger seat 
assembly may allow the aircraft to carry more passenger seat 
assemblies and more passengers, respectively, thus increas 
ing the potential profitability of the aircraft. A reduction in 
complexity of the passenger seat assembly may additionally 
allow the production and/or maintenance at lower costs, thus 
rendering the lightweight aircraft passenger seat assembly 
even more attractive to airlines as compared to the conven 
tional aircraft passenger seat assemblies using heavy metal 
components. 
The object of the invention is therefore to provide an 

improved lightweight aircraft passenger seat assembly hav 
ing a reduced weight, size and complexity as compared to 
conventional lightweight passenger seat designs. 

Likewise it is the object of the invention to reduce the 
weight, size and complexity of the lightweight aircraft 
passenger seat assembly on the component level and to 
provide at least one lightweight aircraft passenger seat 
assembly component having a reduced weight, size and 
complexity as compared to conventional lightweight pas 
senger seat assembly components, or to provide at least one 
lightweight aircraft passenger seat assembly component 
which allows other components to have a reduced weight, 
size and complexity as compared to conventional light 
weight passenger seat assembly components. 

SUMMARY 

In order to solve the above-defined object, the first aspect 
of the invention provides the lightweight aircraft passenger 
seat assembly comprising at least one seat portion with at 
least one seat shell for an aircraft passenger and at least one 
Supporting portion for Supporting the at least one seat 
portion relative to an aircraft structure, wherein the at least 
one seat shell and the at least one Supporting portion are 
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2 
constructed as lightweight components. The expression 
“lightweight component' as used herein is understood to 
include components which are designed in a weight and/or 
material saving manner and/or made from lightweight mate 
rials, including, for example, any type of fiber reinforced 
composite materials, any type of plastic materials and/or any 
type of light metals, particularly aluminium, with a Sufficient 
inherent stability for use in the aero-space industry. 
The lightweight aircraft passenger seat assembly accord 

ing to the invention may particularly be designed as a seat 
assembly for economy class passengers in short-haul air 
crafts. The lightweight seat shell may have a particularly 
simple design and may preferably be substantially rigid in 
itself, thus providing limited options of adjustability. In 
short-haul aircrafts, this drawback is generally acceptable in 
view of the rather short flight times. However, on the other 
hand, the limited possibilities of adjustment allow a signifi 
cant reduction of the complexity of the lightweight aircraft 
passenger seat assembly. This has been realized by the 
invention in the form of the simple design of the seat 
assembly with basically only the seat shell and the support 
for the seat shell as primary components. Since these pri 
mary components are constructed as lightweight compo 
nents with a simple design, the weight, size and complexity 
of the inventive lightweight aircraft passenger seat assembly 
can still be significantly reduced as compared to the con 
ventional lightweight aircraft passenger seat designs. Also, 
the limited adjustability of the seat shell allows complex 
adjustment mechanisms to be dispensed with. 

Moreover, the supporting portion and the seat shell of the 
inventive lightweight aircraft passenger seat assembly may 
be coupled together easily so as to allow relative movements 
of the seat shell and the Supporting portion in order to 
provide Sufficient yielding and resilience characteristics for 
deformation under exceptional load conditions. This is par 
ticularly relevant in terms of approval of the inventive 
lightweight aircraft passenger seat assembly for civil avia 
tion applications according to SAE AS 8049B-2005, which 
is a qualification for aircraft components and involves 
dynamic tests under a load of 14G downward and 16G 
forward. 

In the description of the invention, terms from the word 
stems “coupling' or “supporting will be understood as 
describing a direct or indirect link between two elements, 
whereas the terms from the word stems “connecting or 
“attaching' or “securing will be understood as describing a 
direct link between two elements. 

In the description of the invention, terms from the word 
stem “bonding will be understood as describing any type of 
connection between two separate components or bodies, 
including “welding or “adhesive bonding. 

Furthermore, in the description of the invention, terms 
from the word stem “integral will be understood as describ 
ing any component or body made as "one continuous piece'. 
whereas different components or bodies or portions thereof 
may be bonded, in particular, welded together to form an 
“integral component or body in the sense of the invention. 
On the other hand, in the description of the invention, 

terms from the word stem “one-piece construction' will be 
understood as describing any component or body originally 
made as “one piece”, excluding the possibility to bond or 
weld different components or bodies together to form a 
“one-piece construction' in the sense of the invention. 

Further to this, in the description of the invention, terms 
from the word stem "monolithic' will be understood as 
describing any component or body made from one “con 
struction material, whereas fiber reinforced materials, 
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including a fiber material different from a matrix material, 
will be regarded as one “construction material, though, any 
“sandwich constructions' with a core different than the outer 
sandwich layers may not be regarded as "monolithic' in the 
sense of the invention. 

Accordingly, a "monolithic' component or body may be 
an “integral component or body or may also be a “one 
piece construction' in the sense of the invention. 

Moreover, in the description of the invention, terms from 
the word stem “fiber orientation' will be understood as 
describing the “main fiber orientation of a component or 
body made from a fiber reinforced material, wherein the 
respective component or body may have other fibers with an 
orientation other than the “main fiber orientation'. Finally, 
in the description of the invention, terms from the word stem 
“symmetrical will be understood as describing any type of 
components or bodies which are “mostly symmetrical, thus 
not being limited to symmetry in a mathematical sense, 
whereas “symmetrical may refer to a “mirror symmetrical'. 
a "rotationally symmetrical' or a “point symmetrical rela 
tion. 

Preferred embodiments of the lightweight aircraft passen 
ger seat assembly according to the present invention are 
claimed in the Subclaims. 

In the following, preferred aspects of the invention will be 
described. 

Each one of the following aspects of the invention relates 
to a component for a lightweight aircraft passenger seat 
assembly, which is disclosed and may thus be claimed 
individually or in combination with at least another aspect of 
the invention, in particular in combination with the light 
weight aircraft passenger seat assembly according to the first 
aspect of the invention and/or in combination with at least 
another lightweight aircraft passenger seat assembly com 
ponent according to at least another one of the second to the 
last aspects of the invention. The applicant reserves the right 
to render each one of the following aspects of the invention 
the Subject of one or more divisional applications. 

The individual features disclosed for a generic type of a 
lightweight aircraft passenger seat assembly component 
(e.g. second aspect; lightweight aircraft passenger seat 
assembly component) may be seen as disclosed in context 
with and attributed with any type of lightweight aircraft 
passenger seat assembly component referred to hereinafter. 
The individual features disclosed for a specific type of a 

lightweight aircraft passenger seat assembly component 
(e.g. Supporting portion) in context with the following 
aspects of the invention (e.g. third aspect: a Supporting 
portion has a leg portion; fifth aspect: a Supporting portion 
has a frame portion) may be seen as disclosed in context 
with and attributed to the same lightweight aircraft passen 
ger seat assembly component (i.e. the same Supporting 
portion has a leg portion and a frame portion) or to different 
lightweight aircraft passenger seat assembly components of 
the same type (a first Supporting portion has a leg portion 
and a second supporting portion has a frame portion). 
A second aspect of the invention relates to a component 

for a lightweight aircraft passenger seat assembly, preferably 
in combination with the first aspect of the invention, wherein 
the lightweight component satisfies at least one of the 
following features: 
The lightweight component forms an integral and/or 

monolithic body. 
The lightweight component is a one-piece construction. 
The lightweight component is made from fiber reinforced 

composite material, preferably a laminated fiber rein 
forced composite material. 
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4 
The lightweight component is made from a prepreg. 
The lightweight component comprises glass fibers, carbon 

fibers, ceramic fibers, aramid fibers, boron fibers, steel 
fibers, natural fibers and/or poly-amid fibers. 

The lightweight component comprises a matrix made 
from a polymer, preferably from a thermosetting poly 
mer, an elastomer or a thermosoftening plastic, or a 
ceramic or a metal, preferably a light metal, or carbon. 

The lightweight component comprises a first fiber layer 
and a second fiber layer, preferably arranged adjacent 
to the first fiber layer, wherein the first fiber layer is 
made from a different material than the second fiber 
layer. 

The lightweight component comprises a first fiber layer 
and a second fiber layer, preferably arranged adjacent 
to the first fiber layer, wherein the first fiber layer has 
a smaller thickness than the second fiber layer. 

The lightweight component comprises a first fiber layer 
and a second fiber layer, preferably arranged adjacent 
to the first fiber layer, wherein the first fiber layer is a 
primary fiber layer and the second fiber layer is an 
enforcement fiber layer, wherein preferably the 
enforcement fiber layer has a greater thickness than the 
primary fiber layer. 

The lightweight component comprises a first fiber layer 
and a second fiber layer, preferably arranged adjacent 
to the first fiber layer, wherein the first and the second 
fiber layer have the same fiber orientations. 

The lightweight component comprises a first fiber layer 
and a second fiber layer, preferably arranged adjacent 
to the first fiber layer, wherein the first fiber layer has 
a different fiber orientation than the second fiber layer. 

The lightweight component comprises a first fiber layer 
and a second fiber layer, preferably arranged adjacent 
to the first fiber layer, wherein the fiber orientation of 
the first layer is arranged at an angle of 30°, 45°, 60°. 
75°, 90°, 105°, 120°, 135°, 150° or 165° relative to the 
fiber orientation of the second layer, in each case with 
a tolerance of +/-5, preferably +/-2. 

The lightweight component comprises a plurality of fiber 
layers, wherein the different fiber layers are configured 
in more than two fiber orientations, preferably three 
fiber orientations, more preferably in four fiber orien 
tations. 

The lightweight component comprises a first fiber layer 
and a second fiber layer, preferably arranged adjacent 
to the first fiber layer, wherein the second fiber layer 
covers a smaller area than the first layer. 

The lightweight component comprises at least three fiber 
layers, wherein the second fiber layer is arranged 
between the first and the third fiber layer and wherein 
the second fiber layer covers the same or a smaller area 
than the first fiber layer and/or the third fiber layer 
covers the same or a smaller area than the second fiber 
layer. 

The lightweight component comprises a first fiber layer 
and a second fiber layer, preferably arranged adjacent 
to the first fiber layer, wherein the fiber layers are made 
from the same material, have the same thickness and/or 
cover the same area. 

The lightweight component comprises a first fiber layer, a 
second fiber layer, preferably arranged adjacent to the 
first fiber layer, and at least a force transmission portion 
for transmitting forces between two layer portions, 
wherein the force transmission portion is at least par 
tially reinforced by the second fiber layer. 
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The lightweight component comprises a first fiber layer, a 
second fiber layer, preferably arranged adjacent to the 
first fiber layer, and at least a force application portion 
for the application of forces to the lightweight compo 
nent, wherein the first fiber layer comprises a cut-out in 
the area of the force application portion and wherein 
the force application portion is covered by the second 
fiber layer. 

The lightweight component comprises a first fiber layer 
and a second fiber layer, preferably arranged adjacent 
to the first fiber layer, wherein at least the first fiber 
layer comprises portions, preferably with different fiber 
orientations, adjoining each other in a butt-join, 
wherein the butt-join of the first fiber layer is covered 
by a continuous portion of the second layer. 

The lightweight component comprises a first fiber layer 
and a second fiber layer, preferably arranged adjacent 
to the first fiber layer, wherein each fiber layer com 
prises portions, preferably with different fiber orienta 
tions, adjoining each other in a butt-join, wherein the 
butt-join of the first fiber layer is arranged at a distance 
to the butt-join of the second layer in an orientation 
parallel to the layers. 

The lightweight component comprises at least one first 
fiber layer comprising portions with different or iden 
tical fiber orientations, which portions overlap along an 
adjoining region. 

The lightweight component comprises a first portion, a 
second portion and at least one fiber layer, wherein the 
first portion and the second portion are arranged at an 
angle to each other and are connected along an edge 
and wherein the at least one fiber layer is intersected by 
a butt-join, which runs along the edge between the first 
and the second portion. 

The lightweight component comprises a first portion, a 
second portion and at least one fiber layer, wherein the 
first portion and the second portion are arranged at an 
angle to each other and are connected along an edge 
and wherein the at least one fiber layer is free of 
intersections in the area of the edge and/or in the area 
adjacent to the edge. 

At least one of the above features allows an optimization 
of a weight vs. Stability ratio of the lightweight component 
and/or a particularly high stability of the component in 
different load and/or torsion directions and/or a high stability 
between different portions of the component, particularly in 
the transition region between different component portions, 
and/or a strong connection to adjacent components. 
The expression “fiber reinforced composite material’ as 

used herein and in the following is understood to include at 
least one fiber reinforced composite material and different 
fiber reinforced composite materials. 
A third aspect of the invention relates to a Supporting 

portion for a lightweight aircraft passenger seat assembly, 
preferably in combination with at least one of the preceding 
aspects of the invention, wherein the Supporting portion 
comprises at least one leg portion which satisfies at least one 
of the following features: 
The leg portion forms an integral and/or monolithic body. 
The leg portion is a one-piece construction. 
The leg portion has at least one leg, preferably two or 
more legs, more preferably four legs. 

The leg portion has at least one leg which is hollow and/or 
comprises at least one opening. 

The leg portion has at least one leg which tapers toward 
a distal end thereof. 
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The leg portion comprises at least two separate bodies, 

which are bonded, preferably welded, together to form 
an integral body, wherein the separate bodies are pref 
erably one piece constructions. 

The leg portion comprises two symmetrical halves, pref 
erably split down the center plane, which are bonded, 
preferably welded, together to form an integral body, 
wherein the symmetrical halves are preferably one 
piece constructions. 

The leg portion comprises more than two separate bodies, 
wherein the separate bodies preferably form integral 
and/or monolithic bodies and/or wherein the separate 
bodies are preferably one piece constructions. 

The leg portion comprises an internal structure body and 
two symmetrical halves, preferably split down the 
center plane, which are bonded, preferably bolted and/ 
or welded, together, wherein the internal structure body 
and/or the symmetrical halves are preferably one piece 
constructions, wherein the symmetrical halves at least 
sectionwise encapsulate the internal structure body 
and/or wherein the two symmetrical halves at least 
sectionwise form an open profile. 

The leg portion comprises at least one leg, preferably 
more than one leg, more preferably exactly four legs, 
particularly a first leg, a second leg, a third leg and a 
fourth leg, wherein the at least one leg is at least 
sectionwise formed by an internal structure body and 
two symmetrical halves, which at least sectionwise 
encapsulate the internal structure body. 

The leg portion comprises two legs which are connected 
to extend along a continuous line, preferably along a 
straight line, and preferably to extend between a front 
frame-side connecting portion and a rear aircraft-side 
coupling portion. 

The leg portion comprises at least one leg, which 
branches-off from another leg, preferably downward to 
a front aircraft-side coupling portion and/or upward to 
a rear frame-side connecting portion. 

The leg portion comprises a first leg, a second leg, a third 
leg and a fourth leg, wherein the second leg and the 
third leg are connected to extend along a continuous 
line, wherein the first leg branches-off from the third 
leg and wherein the fourth leg branches-off from the 
Second leg. 

The leg portion comprises a first leg, a second leg, a third 
leg and a fourth leg, wherein preferably the first leg and 
the third leg are configured to be oriented forward with 
respect to the aircraft's longitudinal orientation and the 
second leg and the fourth leg are configured to be 
oriented rearward with respect to the aircraft's longi 
tudinal orientation. 

The leg portion comprises four legs, wherein each leg is 
at least sectionwise formed by an internal structure 
body and two symmetrical halves, which at least Sec 
tionwise encapsulate the internal structure body, 
wherein the two symmetrical halves at least section 
wise form an open profile, wherein preferably the 
symmetrical halves in the area forming the first and/or 
the third leg and/or encapsulating the portion of the 
internal structure body of the first and/or the third leg 
form an open profile being open in the forward direc 
tion with respect to the aircraft's longitudinal orienta 
tion and/or wherein the symmetrical halves in the area 
forming the second and/or the fourth leg and/or encap 
sulating the portion of the internal structure body of the 
second and/or the fourth leg form an open profile being 
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open in the rearward direction with respect to the 
aircraft's longitudinal orientation. 

The leg portion comprises four legs, wherein each leg is 
at least sectionwise formed by an internal structure 
body and two symmetrical halves, which at least sec 
tionwise encapsulate the internal structure body, 
wherein the two symmetrical halves at least section 
wise form an open profile, wherein preferably the 
symmetrical halves in the area forming the first and/or 
the third leg and/or encapsulating the internal structure 
body of the first and/or the third leg form an open 
profile being closed in the rearward direction with 
respect to the aircraft's longitudinal orientation and/or 
wherein the symmetrical halves in the area forming the 
second and/or the fourth leg and/or encapsulating the 
portion of the internal structure body of the second 
and/or the fourth form an open profile being closed in 
the forward direction with respect to the aircraft's 
longitudinal orientation. 

The leg portion comprises four legs, wherein the first leg 
branches-off from the third leg and the length axis of 
the first leg and the length axis of the third leg are 
arranged at an angle of more than 90', preferably more 
than 100° and preferably less than 120°, more prefer 
ably less than 110°, and/or wherein the fourth leg 
branches-off from the second leg and the length axis of 
the second leg and the length axis of the fourth leg are 
arranged at an angle of more than 90', preferably more 
than 100° and preferably less than 120°, more prefer 
ably less than 110°. 

The leg portion has at least one leg to be coupled with an 
aircraft structure, preferably two legs to be coupled 
with an aircraft structure, wherein preferably a first leg 
is configured to be oriented forward with respect to the 
aircraft's longitudinal orientation and a second leg is 
configured to be oriented rearward with respect to the 
aircraft's longitudinal orientation, wherein both legs 
are preferably configured to be coupled with the same 
rail installed at an aircraft floor. 

The leg portion has at least one leg to be engaged with a 
frame portion, preferably two legs be engaged with a 
frame portion, wherein preferably a third leg is con 
figured to be oriented forward with respect to the 
aircraft's longitudinal orientation and a fourth leg is 
configured to be oriented rearward with respect to the 
aircraft's longitudinal orientation, wherein preferably 
both legs are configured to be engaged with the same 
frame portion. 

The leg portion is configured to connect to a frame portion 
of the Supporting portion, wherein the leg portion 
preferably connects to a loop portion of the frame 
portion and/or to a portion of the frame portion apart 
from a beam portion. 

The leg portion comprises at least one male and/or female 
engagement feature for establishing a form-fit, prefer 
ably in an orientation perpendicular to a length orien 
tation of the male and/or female engagement feature, 
and/or a non-positive connection, preferably in a length 
orientation of the male and/or female engagement 
feature, together with at least a corresponding one 
female and/or male engagement feature of a frame 
portion, wherein the at least one male and/or female 
engagement feature is preferably located at the distal 
end of at least one leg of the leg portion and/or is 
located on a mating Surface of the leg portion which 
abuts to a mating Surface of the frame portion, wherein 
the mating Surface of the leg portion is preferably flat. 
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8 
The leg portion is bonded to a frame portion, preferably 

at the position of the at least one male and/or at least 
one female engagement feature and/or at the position of 
the at least one mating Surface of the leg portion. 

The leg portion comprises at least a recess for receiving 
a frame coupling element, which is configured to 
couple the leg portion with the frame portion of the seat 
assembly, preferably with a leg coupling fixture of the 
frame portion. 

The leg portion comprises at least a recess for receiving 
a foot portion, particularly a floor coupling element, 
which is configured to couple the leg portion with an 
aircraft structure, preferably to a rail provided at an 
aircraft floor. 

The leg portion comprises more than one recess, prefer 
ably four recesses for receiving frame and floor cou 
pling elements, wherein the recesses are preferably 
formed by the free ends of the legs, wherein preferably 
a frame and/or floor coupling element is fixedly 
attached within at least one of the recesses, more 
preferably within each one of the four recesses, wherein 
preferably a frame coupling element is fixedly attached 
within each one of the free ends of the third leg and the 
fourth leg. 

The leg portion comprises at least one frame coupling 
element being fixedly attached within a recess at the 
free end of at least one of the third and the fourth leg, 
wherein the at least one frame coupling element pref 
erably comprises a Supporting portion, which is 
inserted into the recess of the respective leg, and a 
connecting portion with a through hole for a bolt or a 
screw, wherein the supporting portion preferably has an 
exterior shape being complementary to an interior 
shape of the at least one leg, so as to fit Snugly into said 
leg. 

The leg portion comprises at least one frame coupling 
element being fixedly attached within a recess at the 
free end of at least one of the third and the fourth leg, 
wherein the at least one frame coupling element forms 
a rotary joint which is configured to rotate the frame 
portion relative to the leg portion, wherein the axis of 
rotation of the rotary joint is preferably substantially 
parallel, including a tolerance of up to 20, to an aircraft 
floor, preferably parallel to the aircraft's pitch axis 
and/or roll axis, wherein the rotary joint preferably 
enables rotation of the frame portion relative to the 
frame portion by an angle of up to +10° and/or -10°. 
preferably at least +5° and/or -5° and preferably of up 
to +15° and/or -15°, as measured from a regular 
position. 

The leg portion is identical to at least another leg portion 
of the Supporting portion. 

The leg portion has at least one leg, comprising a base 
section and at least one flank section arranged at an 
angle to the base section, wherein the base section and 
the at least one flank section are connected via an edge 
or a rounded edge and wherein preferably the edge or 
rounded edge extends substantially along the length 
axis of the leg, including a deviation of up to 20, 
preferably up to 15, more preferably up to 10°, more 
preferably up to 5 and more preferably up to 2°. 

The leg portion has at least one leg, comprising a base 
section and at least a first and a second flank section 
each arranged at an angle to the base section, wherein 
the first and the second flank section are connected to 
the base section via edges or rounded edges being 
arranged at opposite ends of the base section in an 
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orientation perpendicular to the length axis of the leg, 
wherein the flank sections are preferably angled to the 
same side of the base section. 

The leg portion has at least one leg, wherein the leg in a 
cross-section oriented perpendicular to its length axis 
forms an octagon with two base sections and three flank 
section pairs, wherein the two base sections are pref 
erably arranged parallel to each other, wherein the flank 
sections of each flank section pair are preferably 
arranged parallel to each other, wherein the base sec 
tions are preferably arranged perpendicular to one of 
the flank section pairs and wherein the cross-sectional 
edge lengths of the base sections are preferably greater 
than the cross-sectional edge lengths of the flank sec 
tions. 

The leg portion has at least two legs, wherein one of the 
legs branches-off from another leg at an angle and 
wherein at least one of the edges between the two legs 
has a rounded shape. 

The leg portion has at least one, preferably two, more 
preferably three baggage restrain bars and/or nets for 
restraining baggage, wherein the at least one baggage 
restrain bar and/or net is coupled to at least one leg, 
preferably to the first leg and/or the third leg, wherein 
the at least one baggage restrain bar and/or net is 
preferably configured to extend in an airplane width 
wise orientation in an installed State of the leg portion, 
wherein the at least one baggage restrain bar is pref 
erably configured to extend Substantially parallel to an 
airplane floor in an installed State of the leg portion and 
wherein the at least one baggage restrain net is prefer 
ably configured to extend under an angle to an airplane 
floor in an installed State of the leg portion. 

The leg portion has at least one, preferably two, more 
preferably three baggage restrain bars and/or nets for 
restraining baggage, wherein a first baggage restrain 
bar and/or net is coupled to at least one leg and at least 
one leg of another leg portion, wherein preferably a 
second baggage restrain bar and/or net is coupled to at 
least one leg of the leg portion and extending opposite 
to the first baggage restrain bar and/or net and wherein 
preferably a third baggage restrain bar and/or net is 
coupled to at least one leg of the other leg portion and 
extending opposite to the first baggage restrain bar 
and/or net. 

The leg portion has at least one, preferably two, more 
preferably three baggage restrain bars and/or nets for 
restraining baggage, wherein the at least one baggage 
restrain bar and/or net is coupled to the two symmetri 
cal halves of the respective leg. 

The leg portion has at least one, preferably two, more 
preferably three footrests, wherein the at least one 
footrest is coupled to at least one leg, preferably to the 
second leg and/or the fourth leg, wherein the at least 
one footrest is preferably configured to extend in an 
airplane widthwise orientation in an installed state of 
the leg portion, wherein the at least one footrest is 
preferably configured to extend substantially parallel to 
an airplane floor in an installed State of the leg portion 
and wherein the at least one footrest is preferably 
configured to be operated by a rearward passenger in an 
installed State of the leg portion. 

The leg portion has at least one, preferably two, more 
preferably three footrests, wherein the at least one 
footrest is coupled to the two symmetrical halves of the 
at least one leg. 
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10 
At least one of the above features allows an optimization 

of a weight vs. stability ratio of the leg portion and/or a 
particularly strong connection to the adjacent frame portion 
and/or allows the seat assembly to be operated with high 
security and Sufficient comfort. 
A fourth aspect of the invention relates to a Supporting 

portion for a lightweight aircraft passenger seat assembly, 
preferably in combination with at least one of the preceding 
aspects of the invention, wherein the Supporting portion 
comprises at least one leg portion which satisfies at least one 
of the following features: 
The leg portion is made from fiber reinforced composite 

material, preferably a laminated fiber reinforced com 
posite material. 

The leg portion has at least one leg, preferably two or 
more legs, more preferably four legs, wherein at least 
a portion of at least one fiber layer has a fiber orien 
tation extending in length orientation of the respective 
leg, including a tolerance of +/-15, preferably +/-5°. 
more preferably +/-2. 

The leg portion has at least one leg, preferably two or 
more legs, more preferably four legs, wherein at least 
a portion of at least one fiber layer has a fiber orien 
tation extending perpendicular to the length orientation 
of the respective leg, including a tolerance of +/-15'., 
preferably +/-5, more preferably +/-2. 

The leg portion has at least one leg, preferably two or 
more legs, more preferably four legs, wherein at least 
a portion of at least one fiber layer has a fiber orien 
tation which is arranged under an angle of 45° to the 
length orientation of the respective leg, including a 
tolerance of +/-15, preferably +/-5°, more preferably 
+/-2. 

The leg portion has at least two legs, preferably three legs, 
more preferably four legs, wherein at least a portion of 
at least one fiber layer extends over at least two legs 
free of intersections and wherein preferably at least one 
fiber layer entirely covers four legs free of intersec 
tions. 

The leg portion has at least two legs which are connected 
to extend along a continuous line, preferably along a 
straight line, and preferably extend between a front 
frame-side connecting portion and a rear aircraft-side 
coupling portion, wherein at least one fiber layer con 
tinuously extends along the two legs free of intersec 
tions. 

The leg portion has at least two legs which are connected 
to extend along a continuous line, preferably along a 
straight line, and preferably extend between a front 
frame-side connecting portion and a rear aircraft-side 
coupling portion, wherein at least one fiber layer has a 
fiber orientation extending along the continuous line of 
the two legs, including a tolerance of +/-15', prefer 
ably +/-5, more preferably +/-2. 

The leg portion has at least two legs which are connected 
to extend along a continuous line, preferably along a 
straight line, and preferably extend between a front 
frame-side connecting portion and a rear aircraft-side 
coupling portion, wherein at least one fiber layer has a 
fiber orientation extending perpendicular to the con 
tinuous line of the two legs, including a tolerance of 
+/-15, preferably +/-5, more preferably +/-2. 

The leg portion has at least two legs which are connected 
to extend along a continuous line, preferably along a 
straight line, and preferably extend between a front 
frame-side connecting portion and a rear aircraft-side 
coupling portion, wherein at least one fiber layer has a 
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fiber orientation arranged under an angle of 45° relative 
to the continuous line of the two legs, including a 
tolerance of +/-15°, preferably +/-5°, more preferably 
+/-2. 

The leg portion has at least two legs, preferably three legs, 
more preferably four legs, wherein at least one fiber 
layer extending along the legs has portions with dif 
ferent fiber orientations abutting along a butt-join, 
wherein each layer portion is free of intersections and 
wherein each layer portion extends at least over a 
portion of a leg and wherein preferably the butt-join 
extends along a transition region or adjacent to a 
transition region between two legs. 

The leg portion has at least two legs, preferably three legs, 
more preferably four legs, wherein at least one fiber 
layer extending along the legs has portions with dif 
ferent fiber orientations abutting along a butt-join, 
wherein each layer portion is free of intersections, 
wherein a first layer portion extends at least over a 

portion of a first leg and over a portion of a third leg, 
wherein a third layer portion extends at least over a 
portion of the third leg and wherein a butt-join 
between the first and the third layer portion extends 
along the third leg, or 

wherein a first layer portion extends at least over a 
portion of a first leg, wherein a third layer portion 
extends at least over a portion of the third leg and 
over a portion of the first leg and wherein a butt-join 
between the first and the third layer portion extends 
along the first leg. 

The leg portion has at least two legs, preferably three legs, 
more preferably four legs, wherein at least one fiber 
layer extending along the legs has portions with dif 
ferent fiber orientations abutting along a butt-join, 
wherein each layer portion is free of intersections, 
wherein a fourth layer portion extends at least over a 

portion of a fourth leg and over a portion of a second 
leg, wherein a second layer portion extends at least 
over a portion of the second leg and wherein a 
butt-join between the fourth and the second layer 
portion extends along the second leg, or 

wherein a fourth layer portion extends at least over a 
portion of a fourth leg, wherein a second layer 
portion extends at least over a portion of the second 
leg and over a portion of a fourth leg and wherein a 
butt-join between the fourth and the second layer 
portion extends along the fourth leg. 

The leg portion has at least two legs, preferably three legs, 
more preferably four legs, wherein at least a portion of 
the transition region between at least two legs is 
reinforced by an enforcement fiber layer. 

At least one of the above features allows an optimization 
of a weight vs. stability ratio of the leg portion and/or a 
particularly high stability of the leg portion in different load 
and/or torsion orientations and/or a high stability between 
different portions, particularly legs, of the leg portion, par 
ticularly in the transition region between different legs, 
and/or a strong connection to an adjacent frame portion. 
A fifth aspect of the invention relates to a Supporting 

portion for a lightweight aircraft passenger seat assembly, 
preferably in combination with at least one of the preceding 
aspects of the invention, wherein the Supporting portion 
comprises at least one frame portion which satisfies at least 
one of the following features: 
The frame portion forms an integral and/or monolithic 

body. 
The frame portion is a one-piece construction. 
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The frame portion is configured to Support at least one 

seat portion, preferably exactly three seat portions. 
The frame portion defines at least one receptacle for 

receiving and Supporting at least one seat portion or the 
at least one seat shell. 

The frame portion is configured to connect to the at least 
one seat portion by positive connection and/or non 
positive connection and/or adhesion bond. 

The frame portion is configured to connect to the at least 
one seat shell, preferably to a sitting portion and/or a 
backrest portion and/or a headrest portion and/or an 
armrest portion of the at least one seat shell, by positive 
connection and/or non-positive connection and/or 
adhesion bond. 

The frame portion comprises at least one male and/or 
female engagement feature for establishing a form-fit, 
preferably in an orientation perpendicular to a length 
orientation of the male and/or female engagement 
feature, and/or a non-positive connection, preferably in 
a length orientation of the male and/or female engage 
ment feature, together with at least a corresponding one 
female and/or male engagement feature of a leg por 
tion. 

The frame portion comprises at least one leg coupling 
fixture, which is configured to couple the frame portion 
with the leg portion of the seat assembly, preferably 
with a frame coupling element of the leg portion. 

The frame portion comprises at least one leg coupling 
fixture, which is bonded, preferably clinched and/or 
bolted with the beam portion and/or with the loop 
portion, preferably with the straight portion of the loop 
portion. 

The frame portion comprises more than one leg coupling 
fixture, preferably four leg coupling fixtures for cou 
pling the frame portion with the leg portion of the seat 
assembly, wherein preferably two leg coupling fixtures 
are bonded with the beam portion and two leg coupling 
fixtures are bonded with the loop portions, wherein 
preferably each of the loop portions is provided with 
one of the leg coupling fixtures. 

The frame portion comprises more than one leg coupling 
fixture, preferably four leg coupling fixtures for cou 
pling the frame portion with at least one leg portion of 
the seat assembly, wherein at least one leg coupling 
fixture is configured to be coupled to a frame coupling 
element of the leg portion which is inserted in the 
recess of a third leg and/or wherein at least one leg 
coupling fixture is configured to be coupled to a frame 
coupling element of the leg portion which is inserted in 
the recess of a fourth leg. 

The frame portion comprises at least one leg coupling 
fixture, which is configured to couple the frame portion 
with at least one leg portion of the seat assembly, 
wherein the leg coupling fixture comprises at least an 
inlay element and/or a cap element, wherein the inlay 
element is preferably configured to be inserted into the 
beam portion and/or the loop portion from the upper 
side thereof and/or wherein the cap element is prefer 
ably configured to be attached to the beam portion 
and/or the loop portion from the lower side thereof, 
wherein the cap element is preferably bonded, more 
preferably clinched and/or bolted to the inlay element, 
wherein the inlay element and the cap element prefer 
ably enclose a section of the beam portion and/or the 
loop portion to form a sandwich structure. 

The frame portion comprises at least one leg coupling 
fixture with an inlay element and a cap element, 
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wherein the cap element preferably comprises a Sup 
porting portion and at least a connecting portion, pref 
erably two connecting portions, wherein the Supporting 
portion is configured to Support the cap element relative 
to the beam portion and/or the loop portion and/or 
wherein the Supporting portion preferably has a shape 
being complementary to an exterior shape of the beam 
portion and/or the loop portion, so as to fit Snugly 
therein from a lower side, wherein the at least one 
connecting portion preferably has a through hole for a 
bolt or a screw, wherein the connecting portion pref 
erably protrudes from the Supporting portion through a 
recess in a cover element, which is configured to cover 
the cap element, wherein the inlay element preferably 
has a shape being complementary to an interior shape 
of the beam portion and/or the loop portion, so as to fit 
Snugly thereon from an upper side. 

The frame portion comprises at least one leg coupling 
fixture which forms a rotary joint which is configured 
to rotate the frame portion relative to the leg portion, 
wherein the axis of rotation of the rotary joint is 
preferably Substantially parallel, including a tolerance 
of up to 20°, to an aircraft floor, preferably parallel to 
the aircraft's pitch axis and/or roll axis, wherein the 
rotary joint preferably enables rotation of the frame 
portion relative to the leg structure and/or the respec 
tive leg by an angle of up to +10° and/or -10°. 
preferably at least +5° and/or -5° and preferably of up 
to +15° and/or -15°, as measured from a regular 
position. 

The frame portion comprises at least one beam portion, 
which preferably extends along a curved and/or straight 
line, preferably in the aircraft's widthwise orientation, 
wherein the beam portion is preferably twistable, for 
example, by a twisting angle of equal or greater than 
+/-2 or equal or greater than +/-5' or equal or greater 
than +/-10', as measured from an untwisted State 
and/or wherein the beam portion is preferably bend 
able, for example, by a bending angle of equal to or 
greater than +/-2 or equal to or greater than +/-5' or 
equal to or greater than +/-10°, as measured from an 
unbended state. 

The frame portion comprises at least one loop portion, 
preferably exactly two loop portions, wherein at least 
one loop portion preferably forms a closed loop, 
wherein preferably two loop portions are arranged at 
opposite ends of one beam portion, wherein preferably 
the beam portion and straight sections of two loop 
portions extend along a straight line. 

The frame portion comprises at least one loop portion, 
preferably exactly two loop portions, wherein the at 
least one loop portion comprises two straight portions 
and two connecting portions, wherein each connecting 
portion connects an end of a straight portion with an 
end of another straight portion and wherein preferably 
the straight portions extend parallel to each other and/or 
the connecting portions extend parallel to each other. 

The frame portion comprises at least one beam portion 
extending along a curved and/or straight line and 
configured to be installed in the aircraft's width-wise 
orientation and at least two spine portions coupled to 
the beam portion, wherein the spine portions are con 
figured to be moveable relative to each other and/or 
bendable independently from each other. 

The frame portion comprises at least one spine portion, 
preferably exactly three spine portions, wherein pref 
erably at least one spine portion connects to at least one 
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14 
beam portion and/or at least one spine portion connects 
to at least one loop portion, wherein at least one spine 
portion is preferably configured to extend upwards 
relative to an aircraft floor in an installed state, wherein 
at least one spine portion is preferably curved and/or 
has a furcated distal end, wherein the spine portion is 
preferably T-shaped and/or Y-shaped. 

The frame portion provides at least one passenger safety 
belt attachment space, preferably a cavity or through 
hole, for receiving and fixing at least one passenger 
safety belt fixture, wherein the passenger safety belt 
attachment space is preferably integrated into a loop 
portion and/or provided at the inside and/or provided at 
the outside of a loop portion. 

The frame portion comprises at least one spine portion 
and/or a beam portion and/or at least one loop portion 
with at least a straight portion and at least a connecting 
portion, wherein the spine portion and/or the beam 
portion and/or the straight portion of the loop portion 
and/or the connecting portion of the loop portion has a 
base section and at least one flank section arranged at 
an angle to the base section, wherein the base section 
and the at least one flank section are connected via an 
edge or a rounded edge and wherein preferably the 
edge or rounded edge extends Substantially along the 
length axis of the respective spine portion and/or the 
beam portion and/or the straight portion of the loop 
portion and/or the connecting portion of the loop por 
tion, including a deviation of up to 20, preferably up 
to 15°, more preferably up to 10°, more preferably up 
to 5°, more preferably up to 2°. 

The frame portion comprises at least one spine portion 
and/or a beam portion and/or at least one loop portion 
with at least a straight portion and at least a connecting 
portion, wherein the spine portion and/or the beam 
portion and/or the straight portion of the loop portion 
and/or the connecting portion of the loop portion has a 
base section and at least a first and a second flank 
section each arranged at an angle to the base section, 
wherein the first and the second flank section are 
connected to the base section via edges or a rounded 
edges being arranged at opposite ends of the base 
section in an orientation perpendicular to the length 
axis the respective spine portion and/or the beam 
portion and/or the straight portion of the loop portion 
and/or the connecting portion of the loop portion, 
wherein the flank sections are preferably angled to the 
same side of the respective base section. 

The frame portion comprises at least one spine portion 
and/or a beam portion and/or at least one loop portion 
with at least a straight portion and at least a connecting 
portion, wherein the spine portion and/or the beam 
portion and/or the straight portion of the loop portion 
and/or the connecting portion of the loop portion has a 
cross-section perpendicular to its length axis having the 
shape of on open profile. 

The frame portion is at least sectionwise covered with a 
closing panel, wherein the closing panel is preferably 
bonded, more preferably welded to the frame portion. 

The frame portion and the closing panel together form a 
cross-section with the shape of a closed profile, 
wherein said cross-section is perpendicular to the 
length axis of the respective section of the frame 
portion. 

The frame portion is covered with a closing panel at least 
in the area of a beam portion and/or in the area of a loop 
portion with at least a straight portion and at least a 
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connecting portion, wherein the frame portion is pref 
erably free of covering elements in the area of the spine 
portion. 

The frame portion has at least one, preferably two, more 
preferably three baggage restrains bar and/or nets for 
restraining baggage, wherein the at least one baggage 
restrain bar and/or net is coupled to at least one loop 
portion, preferably to two loop portions, wherein at 
least a portion of the baggage restrain bar and/or net is 
preferably configured to extend in an airplane width 
wise orientation in an installed state of the frame 
portion, wherein at least a portion of the bag-gage 
restrain bar is preferably configured to extend Substan 
tially parallel to an airplane floor in an installed state of 
the frame portion and wherein the bag-gage restrain net 
is preferably configured to extend under an angle, 
preferably perpendicular, to an airplane floor in an 
installed state of the frame portion. 

The frame portion has at least one, preferably two, more 
preferably three footrests, wherein the at least one 
footrest is coupled to the beam portion and/or at least 
one loop portion, wherein the at least one footrest is 
preferably configured to extend in an airplane width 
wise orientation in an installed state of the frame 
portion, wherein the at least one footrest is preferably 
configured to extend Substantially parallel to an air 
plane floor in an installed state of the frame portion and 
wherein the at least one footrest is preferably config 
ured to be operated by a rearward passenger in an 
installed state of the frame portion. 

At least one of the above features allows an optimization 
of a weight vs. stability ratio of the frame portion and/or a 
particularly strong connection to the adjacent leg portions 
and/or seat portions and/or allows the seat assembly to be 
operated with high security and Sufficient comfort. In par 
ticular, the design of the frame portion with two loop 
portions arranged at opposite ends of one beam portion 
forms a twistable torsion box and significantly benefits the 
passing of the dynamic tests prescribed by SAE AS 8049B 
2005. 
A sixth aspect of the invention relates to a Supporting 

portion for a lightweight aircraft passenger seat assembly, 
preferably in combination with at least one of the preceding 
aspects of the invention, wherein the Supporting portion 
comprises at least one frame portion which satisfies at least 
one of the following features: 
The frame portion is at least partially, preferably entirely, 
made from fiber reinforced composite material, pref 
erably a laminated fiber reinforced composite material. 

The frame portion has at least one fiber layer with a fiber 
orientation in length orientation of at least one spine 
portion, including a tolerance of +/-15, preferably 
+/-5°, more preferably +/-2. 

The frame portion has at least one fiber layer with a fiber 
orientation perpendicular to the length orientation of at 
least one spine portion, including a tolerance of +/-15'., 
preferably +/-5, more preferably +/-2. 

The frame portion has at least one fiber layer with a fiber 
orientation which is arranged under an angle of 45° to 
the length orientation of at least one spine portion, 
including a tolerance of +/-15, preferably +/-5°, more 
preferably +/-2. 

The frame portion has at least one fiber layer with a fiber 
orientation in length orientation of the beam portion 
and/or at least one straight portion of at least one loop 
portion and/or at least one connecting portion of at least 
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one loop portion, including a tolerance of +/-15'., 
preferably +/-5, more preferably +/-2. 

The frame portion has at least one fiber layer with a fiber 
orientation perpendicular to the length orientation of 
the beam portion and/or at least one straight portion of 
at least on loop portion and/or at least one connecting 
portion of at least one loop portion, including a toler 
ance of +/-15, preferably +/-5°, more preferably 
+/-2. 

The frame portion has at least one fiber layer with a fiber 
orientation which is arranged under an angle of 45° to 
the length orientation of the beam portion and/or at 
least one straight portion of at least on loop portion 
and/or at least one connecting portion of at least one 
loop portion, including a tolerance of +/-15', prefer 
ably +/-5, more preferably +/-2. 

The frame portion has at least one primary fiber layer with 
cut-outs in the region of the male and/or female 
engagement features and/or at least one enforcement 
fiber layer in the region of the male and/or female 
engagement features. 

The frame portion has at least one primary fiber layer with 
cut-outs in a seat belt attachment region and/or at least 
one enforcement fiber layer in the seatbelt attachment 
region. 

The frame portion has at least two, preferably a plurality 
of, enforcement fiber layers in the region of the male 
and/or female engagement features and/or in the seat 
belt attachment region, wherein preferably at least one 
primary fiber layer is arranged between the at least two 
enforcement fiber layers and wherein preferably a 
Subsequent enforcement fiber layer covers a smaller 
area than the previous enforcement fiber layer. 

The frame portion has at least one continuous fiber layer, 
preferably a plurality of continuous fiber layers, cov 
ering at least a portion of the beam portion and adjacent 
portions of the respective spine portion, wherein pref 
erably a Subsequent fiber layer covers the same or a 
smaller area than the previous fiber layer and wherein 
preferably a subsequent fiber layer has a fiber orienta 
tion perpendicular to the previous fiber layer. 

The frame portion has at least one continuous fiber layer, 
preferably a plurality of continuous fiber layers, cov 
ering at least a portion of the beam portion, at least a 
portion of the loop portions and at least a portion of the 
spine portions, wherein preferably a Subsequent fiber 
layer covers the same or a smaller or a larger area than 
the previous fiber layer. 

The frame portion has at least one fiber layer extending 
along portions of the beam portion, portions of the at 
least one loop portion and portions of the at least one 
spine portion, wherein the fiber layer has continuous 
portions with different fiber orientations abutting along 
abutt-join and wherein each continuous layer portion is 
free of intersections, wherein a first layer portion 
extends at least along portions of the beam portion 
and/or along portions of the loop portion, wherein a 
second layer portion extends at least along portions of 
the spine portion and wherein a butt-join between the 
first and the second layer portion extends along a 
transition region or adjacent to a transition region 
between the at least one spine portion and the beam 
portion or the respective loop portion. 

The frame portion has at least one fiber layer extending 
along portions of the at least one loop portion, wherein 
the fiber layer has continuous portions with different 
fiber orientations abutting along a butt-join and wherein 
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each continuous layer portion is free of intersections, 
wherein a first layer portion extends at least along a 
base section of the respective loop portion, wherein a 
second layer portion extends at least along a flank 
section of the respective loop portion and wherein a 
butt-join between the first and the second layer portion 
extends along an edge or rounded edge between the 
base section and the flank section. 

At least one of the above features allows an optimization 
of a weight vs. stability ratio of the frame portion and/or a 
particularly high stability of the frame portion in different 
load and/or torsion orientations and/or a high Stability 
between different portions of the frame portion, particularly 
in the transition region between the spine portions and the 
beam portion and/or the loop portions, and/or a strong 
connection to an adjacent leg portion and/or seat portion. 
A seventh aspect of the invention relates to a Supporting 

portion for a lightweight aircraft passenger seat assembly, 
preferably in combination with any one of the preceding 
aspects of the invention, wherein the Supporting portion 
comprises at least one leg portion and at least one frame 
portion, wherein the leg portion is coupled to the frame 
portion via at least one rotary joint. The rotary joint prefer 
ably satisfies at least one of the following features: 
The rotary joint comprises at least a frame coupling 

element of the leg portion and/or a leg coupling fixture 
of the frame portion and/or a link member, which is 
configured to couple the frame coupling element and 
the leg coupling fixture, wherein preferably at least one 
of the frame coupling element, the leg coupling fixture 
or the link member is made from a metal material. 

The rotary joint comprises at least one link member, 
which is formed by a screw or a bolt, wherein the link 
member is preferably inserted into the through hole of 
at least one of the frame coupling element and the leg 
coupling fixture, wherein the link member is preferably 
inserted in the through hole of one of the frame 
coupling elements and in two through holes of the leg 
coupling fixture being arranged adjacent to the respec 
tive frame coupling element, wherein the through hole 
of the frame coupling element is preferably arranged 
between the through holes of the respective leg cou 
pling fixtures. 

The rotary joint comprises at least one nut, which is 
configured to be screwed onto the respective link 
member of the rotary joint. 

The rotary joint comprises at least a washer ring, wherein 
at least one washer ring is preferably arranged between 
the head of the link member and a connecting portion 
of the frame coupling element and/or a connecting 
portion of the leg coupling fixture and/or wherein at 
least one washer ring is preferably arranged between 
the nut and a connecting porting of the frame coupling 
element and/or a connecting porting of the leg coupling 
fixture, wherein at least one washer ring is preferably 
arranged between the connecting portion of the frame 
coupling element and the connecting portion of the leg 
coupling fixture. 

The rotary joint is configured to rotate the frame portion 
relative to the leg portion, wherein the axis of rotation 
of the rotary joint is preferably substantially parallel, 
including a tolerance of up to 20°, to an aircraft floor, 
preferably parallel to the aircraft's pitch axis and/or roll 
axis, wherein the rotary joint preferably enables rota 
tion of the frame portion relative to the leg portion by 
an angle of up to +10° and/or -10°, preferably at least 
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+5° and/or -5° and preferably of up to +15° and/or 
-15', as measured from a regular position. 

The rotary joint is configured to rotate the frame portion 
relative to the leg portion, wherein the axis of rotation 
is formed by the length axis of the link member. 

The rotary joint is configured to rotate the frame portion 
relative to the leg portion, wherein the link member is 
inserted into the through holes of the frame coupling 
element and the leg coupling fixture in a loose tolerance 
fit and/or wherein the link member is preferably fas 
tened by a nut in a loose tolerance fit to allow a rotation 
of the frame portion relative to the leg portion around 
an axis of rotation, which is preferably orthogonal to 
the length axis of the link member, preferably by an 
angle of up to +10° and/or -10°, more preferably at 
least +5° and/or -5° and even more preferably of up to 
+15° and/or -15°, as measured from a regular position. 

The rotary joint is configured to rotate the frame portion 
relative to the leg portion around an axis of rotation, 
which is orthogonal to the length axis of the link 
member, wherein the rotation is preferably regularly 
blocked by at least one blocking element and is only 
released upon application of an excessive force beyond 
a predetermined load level to the blocking element, 
wherein the blocking element preferably fails upon 
application of the excessive force, wherein the blocking 
element is preferably formed by a frangible washer. 

At least one of the above features allows an optimization 
of a weight vs. Stability ratio of the Supporting portion and/or 
a production and maintenance of the Supporting portion at 
considerably low costs. Furthermore, a rotary joint accord 
ing to one of the above features provides significant stability 
to the Supporting portion, in particular reduces the risk of 
material failure of the Supporting portion, especially in the 
transition region between frame portion and leg portion, and 
finally significantly benefits the passing of the dynamic tests 
prescribed by SAE AS 8049B-2005. 
An eighth aspect of the invention relates to a seat portion 

for a lightweight aircraft passenger seat assembly, preferably 
in combination with any one of the preceding aspects of the 
invention, wherein the seat portion comprises a seat shell 
and satisfies at least one of the following features: 
The seat shell forms an integral and/or monolithic body. 
The seat shell is a one-piece construction. 
The seat shell has a concave shape. 
The seat shell comprises a sitting portion. 
The seat shell comprises a backrest portion, wherein the 

backrest portion preferably rigidly connects to the 
sitting portion, wherein preferably the backrest portion 
is linear-elastically bendable relative to the sitting 
portion. 

The seat shell comprises a backrest portion, wherein the 
backrest portion and the sitting portion are connected 
via a continuous material portion, wherein the continu 
ous material portion preferably forms at least a portion 
of the backrest portion and a portion of the sitting 
portion. 

The seat shell comprises a backrest portion, wherein the 
backrest portion and the sitting portion are connected to 
each other hinge-free. 

The seat shell comprises a backrest portion, wherein the 
backrest portion is coupled to the sitting portion via the 
frame portion, wherein preferably the sitting portion 
and the backrest portion are disconnected from each 
other. 
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The seat shell comprises a headrest portion, wherein the 
headrest portion preferably rigidly connects to the 
backrest portion. 

The seat shell comprises at least one armrest portion, 
preferably exactly two armrest portions, wherein the 
armrest portion preferably rigidly connects to the sit 
ting portion and/or to the backrest portion, wherein the 
armrest portion preferably protrudes from the backrest 
portion toward the side of the sitting portion and/or 
protrudes from the sitting portion toward the side of the 
backrest portion. 

The seat shell is configured to connect to a frame portion 
of the supporting portion, wherein preferably the back 
rest portion is bonded, preferably via at least one 
bonding portion of the backrest portion, to the spine 
portion of the frame portion, for example in at least one 
position including the position of the furcated ends of 
the spine portion and/or a position of the spine portion 
between its proximal end and the furcated ends, and/or 
wherein the sitting portion rests on the beam portion 
and/or on the loop portion of the frame portion, wherein 
preferably the sitting portion can slide on the beam 
portion and/or the loop portion of the frame portion in 
a guided fashion, preferably so as to be held by friction 
in individual positions, or wherein the sitting portion is 
connected, particularly fixedly attached, to the beam 
portion and/or to the loop portion of the frame portion. 

The seat shell has at least one bonding portion arranged on 
the backrest portion, wherein the bonding portion is 
configured as a shaped element, configured to engage a 
corresponding shaped element arranged on at least one 
spine portion for providing a form-fit between the 
backrest portion and the respective spine portion in a 
length orientation of the spine portion and/or the back 
rest portion. 

The seat portion comprises at least one cushioning pad 
attached to the sitting portion and/or the backrest 
portion and/or the headrest portion and/or the armrest 
portion, wherein the at least one cushioning pad is 
preferably bonded and/or attached via a Velcro strip to 
the sitting portion and/or the backrest portion and/or the 
headrest portion and/or the armrest portion. 

The seat portion is identical to at least another seat 
portion. 

The seat portion and/or the seat shell is configured to be 
separately attached to the Supporting portion. 

The seat portion and/or the seat shell is disconnected from 
an adjacent seat portion and/or seat shell of the light 
weight aircraft passenger seat assembly, preferably two 
adjacent backrest portions are disconnected from each 
other. 

At least one of the above features allows an optimization 
of a weight vs. stability ratio of the seat portion and/or a 
production and maintenance of the seat portion at consid 
erably low costs. Furthermore, an integrated design accord 
ing to one of the above features provides significant rigidity 
to the seat shell and significantly benefits the passing of the 
dynamic tests prescribed by SAE AS 8049B-2005. 
A ninth aspect of the invention relates to a seat portion for 

a lightweight aircraft passenger seat assembly, preferably in 
combination with at least one of the preceding aspects of the 
invention, wherein the seat portion comprises a seat shell 
and satisfies at least one of the following features: 
The seat shell is at least partially, preferably entirely, 
made from a plastic material, preferably formed by an 
injection moulding. 
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The seat shell is at least partially, preferably entirely, 
made from fiber rein-forced composite material, pref 
erably a laminated fiber reinforced composite material. 

The seat shell is an integral composite Sandwich construc 
tion. 

The seat shell comprises a first fiber layer, a second fiber 
layer and a core material between the first fiber layer 
and the second fiber layer, preferably a foam core 
material or a closed cell foam core material in particu 
lar, and preferably a rigid reinforcement member 
between the first fiber layer and the second fiber layer, 
wherein the first and the second fiber layer are prefer 
ably made from the enforcement fiber layer material. 

The seat shell comprises a first fiber layer, a second fiber 
layer and a core material between the first fiber layer 
and the second fiber layer, wherein the core material 
extends along portions of the sitting portion and/or 
along portions of the backrest portion and wherein 
preferably the transition region between the back-rest 
portion and the sitting portion is free of the core 
material. 

The seat shell comprises a first fiber layer and a second 
fiber layer, wherein the first fiber layer is arranged on 
the passenger side of the seat shell and the second fiber 
layer is arranged on the side of the seat shell averted 
from the passenger side of the seat shell, wherein 
preferably the second fiber layer is intersected in the 
transition region or adjacent to the transition region 
between the sitting portion and the backrest portion of 
the seat shell and wherein preferably the first fiber layer 
extends along the sitting portion and the backrest 
portion free of intersections. 

The seat shell comprises at least one fiber layer with a 
fiber orientation in the length orientation of the seat 
shell, preferably in the length orientation of the sitting 
portion and/or in the length orientation of the backrest 
portion, including a tolerance of up to +/-60', prefer 
ably of up to +/-45°, more preferably of up to +/-30 
and more preferably of up to +/-15°. 

The seat shell comprises at least one armrest portion 
comprising at least one fiber layer, preferably a plural 
ity of fiber layers, with a fiber orientation in length 
orientation of the armrest portion, including a tolerance 
of up to +/-60, preferably of up to +/-45, more 
preferably of up to +/-30 and more preferably of up to 
+/-15, wherein preferably a plurality of fiber layers of 
the armrest portion have the same fiber orientation, 
including a tolerance of up to +/-15, preferably of up 
to +/-10°, more preferably of up to +/-5 and more 
preferably of up to +/-2°, wherein the at least one fiber 
layer of the armrest portion is preferably a filling ply. 

The seat shell comprises at least one armrest portion 
comprising a foam core, wherein preferably two layers 
subsequent to the foam core have fiber orientations 
which are arranged perpendicular or at an angle of 
+/-45° to each other. 

The seat shell with at least one shaped element arranged 
at the backrest portion, wherein the at least one shaped 
element comprises a foam core portion in a correspond 
ing shape, which foam core portion is bonded to the 
foam core of the backrest portion. 

At least one of the above features allows an optimization 
of a weight vs. stability ratio of the seat portion and/or a 
production and maintenance of the seat portion at consid 
erably low costs. Furthermore, an integrated design and a 
fiber layer composition according to one of the above 
features provides significant rigidity to the seat shell and 
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significantly benefits the passing of the dynamic tests pre 
scribed by SAE AS 8049B-2005. 
A tenth aspect of the invention relates to a foot portion for 

a lightweight aircraft passenger seat assembly, preferably in 
combination with at least one of the preceding aspects of the 
invention, wherein the foot portion satisfies at least one of 
the following features: 

The foot portion comprises at least one cap, which caps a 
part of a leg portion of the Supporting portion and is 
preferably bonded to the leg portion, wherein the cap 
preferably has a complementary interior shape to an 
exterior shape of at least one leg of the leg portion, so 
as to fit Snugly onto said leg, wherein the cap preferably 
wedges two symmetrical bodies of the leg portion 
together in an orientation perpendicular to the symme 
try plane. 

The foot portion comprises at least one floor coupling 
element, which is fixedly attached within a recess at the 
free end of at least one of the first and the second leg, 
wherein the at least one coupling element preferably 
comprises a Supporting portion, which is inserted into 
the recess of the respective leg, and a connecting 
portion with a through hole for a bolt or a screw, 
wherein the Supporting portion preferably has a 
complementary exterior shape to an interior shape of 
the at least one leg, so as to fit Snugly into said leg. 

The foot portion is configured to couple the Supporting 
portion with an aircraft structure, preferably to a rail 
provided at an aircraft floor. 

The foot portion forms a rotary joint which is configured 
to rotate the supporting portion relative to an aircraft 
structure, wherein the axis of rotation of the rotary joint 
is preferably Substantially parallel, including a toler 
ance of up to 20°, to an aircraft floor, preferably parallel 
to the aircraft's pitch axis and/or roll axis, wherein the 
rotary joint preferably enables rotation of the support 
ing portion relative to the aircraft structure by an angle 
of up to +10° and/or -10°, preferably at least +5° and/or 
-5° and preferably of up to +15° and/or -15°, as 
measured from a regular position. 

The foot portion forms a rotary joint, wherein the rotation 
is preferably regularly blocked by at least one blocking 
element and is only released upon application of an 
excessive force beyond a predetermined load level to 
the blocking element, wherein the blocking element 
preferably fails upon application of the excessive force. 

The foot portion forms a rotary joint, wherein a barrel nut 
is received in a cavity of a housing in a rotatable 
fashion and connected to a bolt to be secured to an 
aircraft structure, wherein the housing is preferably 
formed by a cap, wherein the rotation of the barrel nut 
is preferably blocked in a predetermined angular posi 
tion relative to the housing by means of at least one 
shear plate acting as blocking element, wherein the at 
least one shear plate fails upon application of an 
excessive force beyond the predetermined load level, 
so as to allow the barrel nut to rotate relative to the 
housing. 

The foot portion comprises at least one housing, wherein 
the housing is preferably formed by a cap with a free 
end on its bottom side averted from the respective leg 
portion and facing the airplane floor in an installed State 
of the foot portion, which free end comprises at least 
one chamfer, preferably two chamfers, configured to 
enable the rotation of the housing relative to the air 
plane floor in an installed state of the foot portion. 
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The foot portion is identical to at least another foot 

portion. 
The foot portion is different to at least another foot 

portion. 
The above features allow a safe coupling of the support 

ing portion with the aircraft structure by the foot portion. 
Most notably, the foot portion can be designed according to 
the above features in order to accommodate the required test 
condition preloads according to SAE AS 8049B-2005. 
An eleventh aspect of the invention relates to a passenger 

safety belt fixture for a lightweight aircraft passenger seat 
assembly, preferably in combination with at least one of the 
preceding aspects of the invention, wherein the passenger 
safety belt fixture satisfies at least one of the following 
features: 
The passenger safety belt fixture comprises at least one 

bolt for bolting the passenger safety belt to the Sup 
porting portion. 

The passenger safety belt fixture comprises at least one 
cover for covering at least one part of the Supporting 
portion, preferably a part of the Supporting portion 
around or in the vicinity of a bolted joint, so as to 
spread loads induced from a passenger safety belt 
across a Surface around the bolted joint. 

The passenger safety belt fixture comprises at least one 
attachment for attaching parts of the passenger safety 
belt to it, wherein the attachment is preferably bolted by 
the at least one bolt to the at least one cover. 

At least one of the above features enables a secure 
coupling of a passenger safety belt directly to the Supporting 
portion of the inventive lightweight aircraft passenger seat 
assembly, which is made from a fiber reinforced composite 
material. 

Further to the aspects described above, the inventive seat 
assembly or its inventive components may comprise features 
for enhancing the comfort of the seat assembly or its 
components. 

These features include, for example, pockets for maga 
Zines, newspapers, information documents or the like, 
wherein the pockets may be arranged at the rearward sides 
of the backrest portions or the rearward side of the spine 
portions. The pockets may be configured to be resiliently 
swung open or pulled open and configured to close in a 
self-acting manner. Also, fixtures for hanging up clothes, 
Such as coat hooks or the like, may be provided at the 
rearward sides of the backrest portions or the rearward side 
of the spine portions. Hinged tables and/or cup holders may 
be provided at the rearward sides of the backrest portions or 
the rearward side of the spine portions or the rearward sides 
of the beam portions and/or the loop portions, facilitating the 
consumption of food and beverages by the respective rear 
ward passenger. The cup holders may be hinged or fixedly 
attached to the seat portion or the frame portion and/or 
integrated in the respective table. The table and/or the cup 
holder may also be arranged inside an armrest, especially in 
case the respective seat assembly is configured to be posi 
tioned in the first passenger line of the respective aircraft. 
Thereby, the table and/or cup holder may be configured to be 
folded out of and folded back into the armrest. Furthermore, 
the armrests and also the headrests may be removable and/or 
arranged in a Swivelling manner, which enhances the com 
fort of an inventive seat assembly, too. 

Finally, the seat portion may be configured to be adjusted 
relative to the supporting portion in order to provide differ 
ent sitting positions for the aircraft passenger. For example, 
the seat portion may be configured to swivel relative to the 
Supporting portion. 
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Moreover, the inventive seat assembly or its inventive 
components may be equipped with entertainment features. 
In particular, the seat assembly may comprise electrical 
connectors, such as female connectors for head-phones, 
mobile phones, handhelds, computers or the like, which may 
be arranged at any component of the seat assembly, particu 
larly at the rearward side of the seat portion or the rearward 
side of the frame portion and/or the armrest portion of the 
respective seat portion. The seat assembly may also com 
prise monitors or displays arranged at said positions, which 
monitors or displays may be connected or connectable to an 
electronic entertainment device or a personal computer or 
the like. 
A twelfth aspect of the invention relates to a method for 

producing a lightweight component for a lightweight aircraft 
passenger seat assembly, preferably for a lightweight com 
ponent according to any one of the preceding aspects of the 
invention, wherein the method comprises at least one of the 
following steps: 

Providing a prepreg, preferably comprising a matrix of a 
thermoplastic composite and fibers, preferably carbon 
fibers, wherein said prepreg preferably satisfies at least 
one of the features of the lightweight component 
according to the second aspect of the present invention. 

Heating a prepreg, preferably via an infrared heater and/or 
via an UV lamp. 

Transporting said prepreg, preferably between a heating 
device and a forming device. 

Forming said prepreg, preferably press forming said 
prepreg, more preferably press forming with matching 
metal moulds or moulds consisting of a metal and a 
rubber part or with a fluid bladder on one side, wherein 
the molds are preferably heated. 

Removing said press formed prepreg from a forming 
device, preferably while the press formed prepreg is 
hot. 

Cooling said prepreg, preferably said press formed 
prepreg. 

Machining said press formed and/or cooled prepreg, pref 
erably CNC machining of said press formed and/or 
cooled prepreg. 

At least one of the above method steps enables efficient 
and reliable production of a lightweight component for a 
lightweight aircraft passenger seat assembly, which may in 
particular be conducted with comparably low costs. 

Other embodiments of the invention result from combi 
nations of the features disclosed in the claims, the specifi 
cation and the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1-7 are views of the lightweight aircraft passenger 
seat assembly according to the present invention, showing 
two leg portions, one frame portion and three seat portions, 
wherein FIG. 1 is a perspective front view: FIG. 2 is a 
perspective rear view; FIG. 3 is a front view: FIG. 4 is a rear 
view: FIG. 5 is a side view: FIG. 6 is a top view and FIG. 
7 is a bottom view of the seating arrangement according to 
the present invention in an assembled State. 

FIG. 8 is a perspective view of a leg portion of the 
lightweight aircraft passenger seat assembly according to the 
present invention combined with parts of the front and rear 
foot portions, respectively. 

FIG. 9 is another perspective view of the leg portion of 
FIG 8. 
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FIG. 10 is a partial perspective exploded view of the leg 

portion of FIG. 8, combined with other parts of the front and 
rear foot portions, respectively, and the corresponding rail. 

FIG. 11 is another enlarged partial perspective exploded 
view of the front leg of the leg portion of FIG. 10, combined 
with parts of the front foot portion and the corresponding 
rail. 

FIG. 12 is a perspective front view of the frame portion 
of the lightweight aircraft passenger seat assembly accord 
ing to the present invention. 

FIG. 13 is a perspective rear view of the frame portion of 
FIG. 12. 

FIG. 14 is an enlarged partial perspective exploded view 
of the frame portion of FIG. 12 and the leg portion of FIG. 
8 combined with parts of passenger safety belt fixtures. 

FIG. 15 is a highly enlarged partial perspective exploded 
view of a rear side part of the frame portion of FIG. 12 
combined with parts of passenger safety belt fixtures. 

FIG. 16 is a perspective exploded front view of one of the 
seat portions of the lightweight aircraft passenger seat 
assembly according to the present invention. 

FIG. 17 is a perspective exploded rear view of the seat 
portion of FIG. 16. 

FIG. 18 is a perspective rear view of the seat portion of 
FIGS. 16 and 17 in an assembled state. 

FIG. 19 is a perspective exploded front view of the 
Supporting portion comprising the frame portion of FIG. 12 
and two leg portions of FIG. 8. 

FIG. 20 is a perspective exploded front view of the 
lightweight aircraft passenger seat assembly according to the 
present invention, including the supporting portion of FIG. 
19 and three seat portions of FIG. 18. 

FIG. 21 is a perspective exploded rear view of the 
lightweight aircraft passenger seat assembly according to 
FIG. 20. 

FIG. 22 is a perspective view of a layer structure of a 
lightweight component for a lightweight seat assembly. 

FIG. 23a-23fare perspective views of layer structures of 
a lightweight component for a lightweight seat assembly. 

FIG. 24a-24d are cross-sectional views of layer structures 
of a lightweight component for a lightweight seat assembly. 

FIG. 25 is a perspective view of a further layer structure 
of a lightweight component for a lightweight seat assembly. 

FIG. 26 is a cross-sectional view of a leg of the leg portion 
in a length-wise orientation of said leg. 

FIG. 27 shows a cross-sectional view of a portion of the 
frame portion perpendicular to a length-wise orientation of 
the respective portion of the frame portion. 

FIG. 28 is a perspective rear view of the lightweight 
aircraft passenger seat assembly according to a second 
embodiment of the present invention. 

FIG. 29 is a perspective view of a leg portion of the 
lightweight aircraft passenger seat assembly according to a 
second embodiment of the present invention combined with 
parts of the respective front and rear foot portions. 

FIG. 30 is a partial perspective exploded view of the leg 
portion of FIG. 29, combined with other parts of the respec 
tive front and rear foot portions, and the corresponding rail. 

FIG. 31 is another enlarged partial perspective exploded 
view of the front leg of the leg portion of FIG. 30, combined 
with parts of the respective front foot portion and the 
corresponding rail. 

FIG. 32 is an enlarged partial perspective exploded view 
of the frame portion and the leg portion of the second 
embodiment of the present invention combined with parts of 
passenger safety belt fixtures. 
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FIG.33 is a further enlarged partial perspective exploded 
view of the frame portion of the second embodiment of the 
present invention combined with parts of passenger safety 
belt fixtures. 

FIG. 34 is a perspective exploded rear view of the 
lightweight aircraft passenger seat assembly according to a 
second embodiment of the present invention, including a 
Supporting portion and three seat portions. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The preferred embodiment of the claimed invention pro 
vides a lightweight aircraft passenger seat assembly 1, 
comprising three seat portions 4, each one having seat shell 
40 for an aircraft passenger, and a Supporting portion 2, 3 for 
Supporting the three seat portions 4 relative to an aircraft 
structure. Although seat assembly 1 is depicted as a triple 
seat assembly, the invention can be extended to any practical 
seat configuration, such as a double seat, a quad seat, a single 
seat, or a seat configured to accommodate any number of 
passengers. As will be described in the following, the 
supporting portion 2, 3 and the three seat shells 40 are 
constructed as lightweight components using a fiber rein 
forced composite material. The Supporting portion 2, 3 of the 
preferred embodiment contains two leg portions 2 and one 
frame portion 3. Hence, the lightweight aircraft passenger 
seat assembly 1 is constructed of three primary components, 
namely the leg portions 2, the frame portion 3 and the seat 
portions 4. The two leg portions 2 and the three seat shells 
40 will be bonded to the one frame portion 3 so as to form 
an integrated monolithic structure. 
The primary and secondary lightweight components of 

the lightweight aircraft passenger seat assembly 1 will be 
discussed in the following: 
The supporting portion 2, 3 of the preferred embodiment 

comprises two identical leg portions 2 with four legs 23, 24; 
25, 26 each, wherein each leg 23, 24; 25, 26 is hollow and 
comprises one opening at a tapered distal end thereof. Each 
leg portion 2 is composed of two symmetrical halves 21, 22 
made from laminated fiber reinforced composite material, 
split down the center plane, which are bonded together to 
form an integral monolithic laminate body. Two legs 24, 25 
of each leg portion 2 extend along a continuous straight line 
between a front frame-side connecting portion and a rear 
foot portion 27. The leg 23 branches-off from the leg 25 to 
extend downward to a front aircraft-side coupling portion, 
whereas the leg 26 branches-off from the leg 24 to extend 
upward to a rear frame-side connecting portion. The legs 23, 
24 are configured to be coupled with an aircraft structure, 
wherein the first leg 23 is configured to be oriented forward 
with respect to the aircraft's longitudinal orientation and the 
second leg 24 is configured to be oriented rearward with 
respect to the aircraft's longitudinal orientation. Both legs 
23, 24 are configured to be coupled with the same rail 5 
installed at an aircraft floor. The third leg 25 is configured to 
be oriented forward with respect to the aircraft's longitudi 
nal orientation and the fourth leg 26 is configured to be 
oriented rearward with respect to the aircraft's longitudinal 
orientation, and both legs 25, 26 are configured to be joined 
to the same frame portion 3. Each one of the third and fourth 
legs (upper legs) 25, 26 comprises one male engagement 
feature 29a, 29c at a distal end thereof for establishing a 
form-fit together with a corresponding one female engage 
ment feature of a frame portion 3. The male engagement 
feature 29a, 29c is located on a flat mating surface 29b, 29d 
of each leg portion 2 which abuts to a flat mating Surface of 
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the frame portion 3. The leg portion 2 will be bonded to a 
frame portion 3 at the position of the at least one male 
engagement feature 29a, 29c and at the position of the at 
least one mating surface 29b, 29d. 

In addition, the supporting portion 2, 3 of the preferred 
embodiment comprises one frame portion 3 which is entirely 
made from a laminated fiber reinforced composite material 
to form an integral monolithic laminated body. The frame 
portion 3 is configured to support three seat portions 4 and 
therefore defines three receptacles for receiving and Sup 
porting the three seat shells 40 of the seat portions 4. The 
seat shells 40 will be bonded to the frame portion 3, as will 
be described below. The frame portion 3 comprises one 
straight beam portion 31, which is configured to be oriented 
in the aircraft's widthwise orientation. This single beam 
portion 31 forms a torsion box and can be twisted by a 
twisting angle of e.g. equal to or greater than +/-5° from an 
untwisted state. Further, the two closed loop portions 32 are 
arranged at opposite ends of the beam portion 31, wherein 
the straight beam portion 31 and straight sections of two 
closed loop portions 32 extend along a straight line. In 
addition to that, the frame portion 3 comprises three spine 
portions 33, wherein the center spine portion 33 connects to 
the beam portion 31 and the outer spine portions 33 connect 
to the closed loop portions 32. Each one of the spine portions 
33 is configured to extend upwards relative to an aircraft 
floor and is curved with the center of curvature being located 
roughly above the sitting portion 41 of the seat shell 40. 
Moreover, each one of the spine portions 33 has a bifurcated 
distal end, which is configured to encompass and/or Support 
a backrest portion of a seat shell 40 and to define a receptacle 
for receiving the seat shell 40 together with the frame 
portion 3. Still further, the frame portion 3 provides passen 
ger safety belt attachment spaces 34, 35 for receiving and 
fixing the passenger safety belt fixtures 36, 37, wherein the 
passenger safety belt attachment spaces 34, 35 integrated 
into a loop portion 32 are embodied as through-holes, and 
the passenger safety belt attachment spaces 34, 35 provided 
at the outside of the loop portions 32 are embodied as 
cavities. 

Each one of the three identical seat shells 40 comprises a 
sitting portion 41, a backrest portion 42, a headrest portion 
as well as two armrest portions 43 arranged on both longi 
tudinal sides of the backrest portion 42. The seat shell 40 is 
a one-piece composite Sandwich construction and comprises 
a first side panel, a second side panel and a core material 
between the first side panel and the second side panel, and 
preferably a rigid reinforcement member between the first 
side panel and the second side panel. The core material may 
be a closed-cell foam. For connecting the seat shell 40 to the 
frame portion 3 of the supporting portion 2, 3, the backrest 
portion 42 will be bonded to the spine portion 33 of the 
frame portion 3 in three positions including the furcated 
ends of the spine portion 33 and a part of the spine portion 
33 between its proximal end and the furcated ends. Addi 
tionally, the sitting portion 41 is configured to rest on the 
beam portion 31 and/or the closed loop portions 32 of the 
frame portion 3, so as to slide thereon in a guided fashion, 
wherein it can be held by friction in individual positions. For 
comfort, the seat portion 4 comprises cushioning pads 45. 
46, 47 bonded to the sitting portion 41, the backrest portion 
42 and/or the headrest portion and the armrest portions 43. 
The cushioning pads 45, 46, 47 can be replaced in case of 
wear in order to renew the appearance of the seat portion 4. 
As one of the secondary components, the lightweight 

aircraft passenger seat assembly 1 further comprises foot 
portions 27, 28 for coupling the leg portions 23, 24 to a rail 
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5 provided at an aircraft floor. The foot portions 27, 28 are 
preferably made from metal and comprise a cap 27a, 28a 
bonded to the leg portion 2 for capping a part of a leg 23, 24 
having a complementary exterior shape. Accordingly, the 
caps. 27a, 28a fit Snugly onto the legs 23, 24 and wedge the 
two symmetrical halves 21, 22 of the leg portion 2 together 
in an orientation perpendicular to the symmetry plane. Each 
one of the foot portions 27, 28 forms a rotary joint which is 
configured to rotate the Supporting portion 2, 3 relative to the 
aircraft structure, wherein the axis of rotation of the rotary 
joint is roughly parallel to an aircraft floor. The two forward 
foot portions 27 of the two leg portions 2 are identical to 
each other and the two rearward foot portions 28 of the two 
leg portions 2 are identical to each other as well. However, 
the forward foot portion 27 is different from the rearward 
foot portion 28 of the same leg portion 2. The axis of rotation 
of the rotary joints formed by the forward foot portions 27 
is parallel to the aircraft's roll axis. However, the rotation is 
regularly blocked in one angular position by at least one 
blocking element 27.c and is only released upon application 
of an excessive force beyond a predetermined load level to 
the blocking element 27c, so that the blocking element 27c 
fails upon application of the excessive force. To establish 
this blocking, a barrel nut 27b is received in a cavity of the 
cap 27a in a rotatable fashion and connects to a bolt 27e to 
be secured to the aircraft floor rail 5. The rotation of the 
barrel nut 27b is blocked in the predetermined angular 
position relative to the cap 27a by means of two shear plates 
27c acting as blocking elements 27c, wherein the two shear 
plates 27c are designed to fail upon application of the 
excessive force, so as to allow the barrel nut 27b to rotate 
relative to the cap 27a. 
As another one of the secondary components, the light 

weight aircraft passenger seat assembly 1 further comprises 
passenger safety belt fixtures 36, 37, each one of them 
comprising a bolt 36a, 37a for bolting the passenger safety 
belt to the supporting portion 2, 3, a cover 36b, 37b for 
covering a part of the Supporting portion 2, 3 around the 
bolted joint, so as to spread loads induced from the passen 
ger safety belt across a surface around the bolted joint, and 
one or more attachments 36c., 37c for attaching parts of the 
passenger safety belt to it. The attachments 36c., 37c will be 
bolted by a bolt 36a, 37a to a cover 36b, 37b. 

The individual components of the lightweight aircraft 
passenger seat assembly 1 will be assembled and installed in 
an airframe in order to undergo required test conditions 
according to SAE AS 8049B-2005 as follows: 
The leg portions 2 couple the frame portion 3 to the rails 

5 supplied and fitted in the air frame. It is geometrically 
located and bonded to the frame portion 3 via two male boss 
engagement features 29a, 29c at the upper front and upper 
rear legs 25, 26. The two bonded (in shear direction) metallic 
caps 27a, 28a transfer the required test condition preload 
according to SAE AS 8049B-2005 from the rails 5 into the 
leg portions 2. The 10° roll condition according to SAE AS 
8049B-2005 on the rear leg 24 is accommodated via defor 
mation of the bolt 28c in the rear foot portion 28. The same 
10° roll condition according to SAE AS 8049B-2005 on the 
front leg 23 is accommodated by way of the rotary “fuse” 
design of the front foot portion 27 as described above. This 
front foot portion 27 comprises the two shear plates 27c 
which are designed such that they fail (shear through) at an 
angular rotation far higher than standard operational use, yet 
lower than the required 10° preload according to SAE AS 
8049B-2005. This allows for any tensile and fore/aft loads 
through the front leg 23 to be reacted via the barrel nut 27b 
yet considerably lowers residual stresses in the pre-loaded 
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condition. FIG. 11 details the shear bonding characteristic 
design of the metallic feet 27. The nutring 27d, bolt 27e and 
rail 5 shown are airframe standard fit. As mentioned earlier, 
the leg 23 is moulded in two symmetrical halves 21, 22, split 
down the center plane, and the halves 21, 22 are bonded 
together and mechanically encapsulated via the caps. 27a. So 
as to realize a monolithic laminate design. 
The frame portion 3 is coupled with the rail 5 via the leg 

portions 2 and the foot portions 27, 28 and consists of the 
actual seating Support including the beam portion 31, two 
loop portions 32 and three spine portions 33, which are used 
to support the three individual seat shells 40. Again, it is a 
monolithic laminate design. 

Having accommodated the roll 10 degree condition 
according to SAE AS 8049B-2005 with the application of 
the feet designs, the 10 degree pitch condition is accommo 
dated through the twisting of the single section center beam 
portion 31. This area also connects the center seats spine 
portion 33. This torsion box is designed both geometrically 
and in laminate definition to allow the 10 degree rotation 
deformation without failure and whilst maintaining struc 
tural integrity to continue to pass both the 14G downward 
and 16G forward dynamic tests prescribed by SAE AS 
8049B-2005. 
The frame portion 3 also carries the coupling points for 

the passenger seatbelts. These are Supported internally with 
the addition of a metallic insert—designed such that it 
spreads the bearing load of the coupling into the composite 
Structure. 

The seat shell 40 is a one-piece composite sandwich 
construction. The core material is a closed cell foam. Pads 
45, 46, 47 for comfort are bonded onto the front of the seat 
shell 40. 
One important feature in allowing the complete assembly 

to absorb the 10 degree pitch condition, through the beam 
portion 31 (torsion box) in the frame portion 3, is the 
de-coupled seat shell 40 from the frame portion 3. The seat 
shell 40 itself is bonded in only three places to the spine 
portions 33 of the frame portion 3. The sitting portion 41 of 
the seat shell 40 may only rest on the actual seating Support 
including the beam portion 31 and two loop portions 32 of 
the frame portion 2 without a mechanical or other connec 
tion. However, it is also possible to connect, particularly 
mechanically connect, the sitting portion 41 of the seat shell 
40 to the respective seating Support including the beam 
portion 31 and two loop portions 32. This improves the 
stability of the respective seat, particular for the case a 
rearward passenger pulls on the backrest portion 42 in order 
to stand up. Thereby, it may be desirable to connect the 
sitting portions 41 of the outer seat shells 40 of the seat 
assembly 1 to their respective seating Supports, but leaving 
the sitting portion 41 of the center seat shell 40 disconnected 
and/or decoupled from its seating Support, thus, maintaining 
the flexibility of the frame portion 3, particularly of the beam 
portion 31. 
The seat shell 40 has two integrated fixed position arm 

rests, one per side. This removes the need to attach the 
armrest to the traditional “hanger'. 

FIG. 22 shows a schematic layer structure 50 of a light 
weight component. The features of the layer structure 50 
may be applied to any lightweight component 2, 3, 4 of the 
lightweight seat assembly 1, whereas the layers of the layer 
structure 50 may be shaped in any form desired for the 
respective application. 

Layer structure 50 comprises a first layer 51, a second 
layer 52 and a third layer 53, whereas every layer 51, 52, 53 
may be a fiber layer. First layer 51 may be made of a 
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different material than second layer 52 and second layer 52 
may be made from a different layer than third layer 53. 
Likewise, it is possible that all three layers 51, 52, 53 are 
made from the same material or only two of the three layers 
are made from the same material and the remaining layer is 5 
made from a different material. Fiber layer 51 may have a 
smaller or greater thickness than fiber layer 52, and fiber 
layer 52 may have a smaller or greater thickness than fiber 
layer 53. Likewise, it is possible that all fiber layers 51, 52. 
53 have the same thickness or only one of the fiber layers 51, 10 
52, 53 has a smaller or greater thickness than the remaining 
two fiber layers. 

Fiber layer 51 may be a primary fiber layer and fiber layer 
52 may be an enforcement fiber layer. 

The fibers 51a of fiber layer 51 may have a different 15 
orientation than the fibers 52a of the fiber layer 52 and the 
fibers 52a of the fiber layer 52 may have a different 
orientation than the fibers 53a of the fiber layer 53. Like 
wise, it is possible that the fibers 51a, 52a, 53a of the fiber 
layers 51, 52, 53 have the same orientation, or that only one 20 
fiber layer has a different fiber orientation than the remaining 
two fiber layers. 

Furthermore, the second fiber layer 52 may cover a 
smaller area than the first fiber layer 51 and the third fiber 
layer 53 may cover a smaller area than the second fiber layer 25 
52. Likewise, it is possible that all fiber layers 51, 52, 53 
cover the same area, or that only one of the fiber layers 51, 
52, 53 covers a different area than the remaining two fiber 
layers. 

FIGS. 23a to 23f depict different layer compositions of a 30 
fiber layer structure 50. According to FIG. 23a, the fibers 
51a of the first fiber layer 51 have the same orientation as the 
fibers 52a of the second fiber layer 52. According to FIG. 
23b, the fibers 51a of the first fiber layer 51 have an 
orientation perpendicular to the fibers 52a of the second 35 
fiber layer 52. According to FIG. 23c, the fibers 51a of the 
first fiber layer 51 have an orientation which is arranged at 
an angle of 45° relative to the orientation of the fibers 52a 
of the second fiber layer 52. According to FIG. 23d, the 
fibers 51a of the first fiber layer 51 have an orientation which 40 
is arranged at an angle of 45° relative to the orientation of 
the fibers 52a of the fiber layer 52, and the fibers 51a of the 
first fiber layer 51 have an orientation perpendicular to the 
orientation of the fibers 53a of the third fiber layer 53. 
According to FIG. 23e, the fibers 51a of the first fiber layer 45 
51 and the fibers 53a of the third fiber layer 53 have the same 
orientation, whereas the fibers 52a of the second fiber layer, 
which second fiber layer 52 is arranged between the first 
fiber layer 51 and the third fiber layer 53, have an orientation 
which is arranged at an angle of 45° relative to the orien- 50 
tation of the fibers 51a of the first fiber layer 51 and the fibers 
53a of the third fiber layer 53. 

According to FIG. 23f the first fiber layer 51 has a first 
layer portion 51b and a second layer portion 51d, whereas 
the fibers 51a of the first layer portion 51b have a different 55 
orientation than the fibers 51c of the second layer portion 
51d. The layer portions 51b and 51d abut along a butt-join 
51d. The first fiber layer 51, with its two layer portions 51b 
and 51.d. is covered by a second fiber layer 52, which may 
have a fiber orientation identical to the fiber orientation of 60 
the first layer portion 51b or the second layer portion 51d, or 
different to the layer portions 51b and 51d. 

FIGS. 24a to 24d depict different configurations for fiber 
layers being separated into different layer portions in a 
cross-sectional view. According to FIG. 24a, the first fiber 65 
layer 51 comprises a first layer portion 51b and a second 
layer portion 51d, wherein the first layer portion 51b and the 

30 
second layer portion 51d abut along a butt-join 51e. The 
second layer 52 is not intersected and therefore continuously 
covers the butt-join 51e. 

According to FIG. 24b, the second layer 52 is also 
separated into a first layer portion 52b and a second layer 
portion 52d, whereas the first layer portion 52b and the 
second layer portion 52d abut along a butt-join 52e. How 
ever, the butt-join 52e is positioned at a distance from the 
butt-join 51e in an orientation length-wise to the layers 51 
and 52. The risk of damages to the component in the region 
of one of the butt-joins 51e or 52e is thereby reduced. 

According to FIG. 24c, the first layer 51 has a first layer 
portion 51b and a second layer portion 51d, whereas the first 
layer portion 51b and the second layer portion 51d abut 
along a butt-join 51e. Furthermore, the first layer portion 
51b and the second layer portion 51d are arranged at an 
angle relative to each other. Thereby, the butt-join 51e 
extends along the edge between the two angled layer por 
tions 51b and 51.d. Likewise, the second layer 52 has a first 
layer portion 52b and a second layer portion 52d. Likewise, 
the two layer portions 52b and 52d are arranged at an angle 
relative to each other, however, the two layer portions 52b 
and 52d are not intersected by a butt-join in the region of the 
edge but continuously extend along the edge. 

According to FIG. 24d, the fiber layer 51 comprises a first 
layer portion 51b and a second layer portion 51d, wherein 
the first layer portion 51b and the second layer portion 51d 
overlap in an adjoining region 51f thereby ensuring a high 
stability, particularly in the adjoining region 51f. 

According to FIG. 25, the first layer 51 has a first layer 
portion 51b and a second layer portion 51d, whereas the first 
layer portion 51b and the second layer portion 51d are 
arranged at an angle relative to each other. The edge between 
the first layer portion 51b and the second layer portion 51d 
is configured as a force transmission portion, as it transmits 
forces between the first layer portion 51b and the second 
layer portion 51d. However, the force transmission portion 
may not be limited to the edge but also may comprise 
portions adjacent to the edge. Likewise, the force transmis 
sion portion does not necessarily comprise an edge but may 
contain any portions of a component, which are configured 
to transmit significant forces between adjacent component 
portions during operation of the respective component. 

Likewise, the second layer 52 comprises a first layer 
portion 52b and a second layer portion 52d, which layer 
portions are arranged at an angle relative to each other. The 
second layer 52, with its two layer portions 52b and 52d. at 
least partially covers the force transmission portion 51g, in 
order to reinforce it. 

Furthermore, the first fiber layer 51 may have a force 
application portion 51h, which may be configured for 
receiving external forces, for example, by connecting the 
force application portion with another component of the seat 
assembly. The force application portion 51h may comprise 
a cut-out 51i, whereas the cut-out may extend along the first 
layer portion 51b and also the second layer portion 51d. The 
cut-out may ensure a stress reduction in the first fiber layer 
51. The force application portion 51 h, with its cut-out 51i, 
may be covered by the second layer 52, in order to suffi 
ciently stabilize the respective component in the region of 
the force application portion 51h. 

FIG. 26 shows a cross-sectional view of leg 23 of the leg 
portion 2 in a length-wise orientation of leg 23. The features 
described in the context of FIG. 26 may likewise be applied 
to legs 24, 25, 26 of the leg portion 2. The cross-section of 
leg 23 comprises a first base section 22a and a second base 
section 22b, whereas the first section 23a and the second 
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base section 23b may be arranged parallel to each other and 
the cross-sectional lengths of the base sections 23a, 23b may 
be identical. 

Further, the cross-section of the leg 23 may comprise 
three flank sections pairs 23c, 23d; 23e. 23f 23g, 23h. 
whereas the flank sections of each flank section pair 23c, 
23d; 23e. 23f 23g, 23h may be arranged parallel to each 
other. Thereby, flank section 23c and flank section 23g may 
be connected to base section 23a at its opposite ends, flank 
section 23d and flank section 23h may be connected to base 
section 23b at its opposite ends, flank section 23f may 
connect flank section 23c and flank section 23h and flank 
section 23e may connect flank section 23d and flank section 
23g. In this arrangement, the cross-section of leg 23 forms 
an Octagon. 

FIG. 27 shows a cross-sectional view of the beam portion 
31, of a straight section of the loop portion 32, of a 
connection portion of the loop portion 32 or of the spine 
portion 33 perpendicular to a length-wise orientation of the 
respective beam portion 31, the respective straight section of 
the loop portion 32, the respective connection portion of the 
loop portion 32 or the respective spine portion 33. The 
cross-section of the respective portion 31, 32, 33 may have 
a base section 31a, 32a, 33a and a first flank section 31b, 
32b, 33b and a second flank section 31c, 32c, 33c, whereas 
the flank sections 31b, 32b, 33b, 31c, 32c, 33c may be 
connected to the base section 31a, 32a, 33a at its opposite 
ends and under an angle to the base section 31a, 32a, 33a. 
In this arrangement, the cross-section of the respective beam 
portion 31, of the respective straight section of the loop 
portion 32, of the respective connection portion of the loop 
portion 32 or of the respective spine portion 33 forms an 
open profile. 

In the following a second preferred embodiment of the 
claimed invention will be described with reference to FIGS. 
28 to 34, whereas basically the differences to the first 
embodiment described above will be discussed. Thereby, 
components identical to the first embodiment of the present 
invention will be assigned identical reference signs, and 
components different to those of the first embodiment of the 
invention will be assigned different reference signs. 

FIG. 28 shows a lightweight aircraft passenger seat 
assembly 101 according a second embodiment of the present 
invention. The lightweight aircraft passenger seat assembly 
101 comprises three seat portions 4, each one having seat 
shell 40 for an aircraft passenger, and a Supporting portion 
102, 103 for supporting the three seat portions 4 relative to 
an aircraft structure. Although seat assembly 101 is depicted 
as a triple seat assembly, this embodiment can be extended 
to any practical seat configuration, Such as a double seat, a 
quad seat, a single seat, or a seat configured to accommodate 
any number of passengers. 
As will be described in the following, the supporting 

portion 102, 103 and the three seat shells 40 are constructed 
as lightweight components using a fiber reinforced compos 
ite material. The supporting portion 102,103 of the preferred 
embodiment contains two leg portions 102 and one frame 
portion 103. Hence, the lightweight aircraft passenger seat 
assembly 101 is constructed of three primary components, 
namely the leg portions 102, the frame portion 103 and the 
seat portions 4. The two leg portions 102 and the three seat 
shells 40 will be connected to the one frame portion 103. In 
particular, each leg portion 102 is connected to the frame 
portion 103 via rotary joints 160 and 170, which are 
described in more detail with reference to FIG. 32. 
As shown in FIG. 29, also the leg portions 102 comprise 

four legs 123, 124, 125, 126 each, wherein each leg 123, 
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124, 125, 126 is made from a laminated fiber reinforced 
composite material. Two legs 124, 125 of each leg portion 
102 extend along a continuous straight line between a front 
frame-side connecting portion and a rear foot portion 128. 
The leg 123 branches-off from the leg 125 to extend down 
ward to a front aircraft-side coupling portion, whereas the 
leg 126 branches-off from the leg 124 to extend upward to 
a rear frame-side connecting portion. 

Furthermore, the leg portion 102 comprises three separate 
bodies, namely an internal structure 120 and two symmetri 
cal halves 121 and 122, which are split down the center 
plane, and are bonded, preferably bolted and/or welded, 
together, in order to at least sectionwise encapsulate the 
internal structure body 120. At the same time the two 
symmetrical halves 121 and 122 form an open profile. 

In particular, the symmetrical halves 121 and 122 in the 
area forming the first leg 123 and/or the third leg 125 and/or 
encapsulating the respective portion of the internal structure 
body 120 of the first leg 123 and/or the third leg 125 form 
an open profile being open in the forward direction with 
respect to the aircraft's longitudinal orientation. Likewise, 
the symmetrical halves 121 and 122 in the area forming the 
second leg 124 and/or the fourth leg 126 and/or encapsu 
lating the respective portion of the internal structure body 
120 of the second leg 124 and/or the fourth leg 126 form an 
open profile being open in the rearward direction with 
respect to the aircraft's longitudinal orientation. 

Accordingly, the symmetrical halves 121 and 122 in the 
area forming the first leg 123 and/or the third leg 125 and/or 
encapsulating the respective portion of the internal structure 
body 120 of the first leg 123 and/or the third leg 125 form 
an open profile being closed in the rearward direction with 
respect to the aircraft's longitudinal orientation. Likewise, 
the symmetrical halves 121 and 122 in the area forming the 
second leg 124 and/or the fourth leg 126 and/or encapsu 
lating the respective portion of the internal structure body 
120 of the second leg 124 and/or the fourth leg 126 form an 
open profile being closed in the forward direction with 
respect to the aircraft's longitudinal orientation. 

Furthermore as may be seen in FIG. 29, the leg portion 
102 comprises recesses 129a for receiving frame coupling 
elements 161 and 171 of the respective rotary joints 160 and 
170. Said frame coupling elements 161 and 171 are config 
ured to couple the leg portion 102 with the frame portion 103 
via leg coupling fixtures 162 and 172 of the frame portion 
103, which leg coupling fixtures 162 and 172 are also part 
of the rotary joints 160 and 170. Furthermore as may be seen 
in FIG. 29, the leg portion 102 comprises recesses 129b for 
receiving foot portions 127 and 128, particularly floor cou 
pling elements 127a and 128a, which are configured to 
couple the leg portion 102 with a rail 5 provided at an 
aircraft floor. Each of the recesses 129a and 129b is formed 
by the free ends of the legs 123, 124, 125 and 126, wherein 
the frame coupling elements 161 and 171 and/or the floor 
coupling elements 127a and 128a are each fixedly attached 
within the respective recesses 129a and 129b. Each frame 
coupling element 161 and 171 comprises a Supporting 
portion, which is inserted into the recess 129a of the 
respective leg 125 and 126, and a connecting portion with a 
through hole 161a and 171a for a bolt or a screw 163, 173, 
wherein the Supporting portion has an exterior shape being 
complementary to an interior shape of the recesses 129a of 
the legs 125 and 126, so as to fit snugly into the respective 
leg 125, 126. 
As may be comprehended from FIG. 30 and FIG. 31, the 

foot portions 127 and 128 of a lightweight aircraft passenger 
seat assembly according to the second embodiment com 
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prise floor coupling elements 127a, 128a, which are each 
fixedly attached within a recess at the free end of at least one 
of the first and the second leg 123 and 124. Each one of the 
floor coupling elements 127a and 128a comprises a Sup 
porting portion, which is inserted into the recess 129b of the 
respective leg, and a connecting portion with a through hole 
127b, 128b for a nut, bolt or a screw, wherein the supporting 
portions preferably have exterior shapes, which are comple 
mentary to an interior shape of the recess 129b of the 
respective leg 123, 124, so as to fit Snugly into said leg 123, 
124. 

Also, in the case of the second embodiment of the present 
invention the forward foot portion 127 is different from the 
rearward foot portion 128 of the same leg portion 102. The 
axis of rotation of the rotary joints (provided by the through 
holes 127b) formed by the forward foot portions 127 is 
parallel to the aircraft's roll axis. However, the rotation is 
regularly blocked in one angular position by at least one 
blocking element 27.c and is only released upon application 
of an excessive force beyond a predetermined load level to 
the blocking element 27c, so that the blocking element 27c 
fails upon application of the excessive force. To establish 
this blocking, a barrel nut 27b is received in a cavity or 
through hole 127b of the foot coupling element 127a in a 
rotatable fashion and connects to a bolt 27e to be secured to 
the aircraft floor rail 5. The rotation of the barrel nut 27b is 
blocked in the predetermined angular position relative to the 
foot coupling element 127a by means of two shear plates 
27c acting as blocking elements 27c, wherein the two shear 
plates 27c are designed to fail upon application of the 
excessive force, so as to allow the barrel nut 27b to rotate 
relative to the foot coupling element 127a. 
Now referring to FIG. 32 to FIG. 34 the frame portion 103 

according to the second embodiment of the present inven 
tion comprises at least one leg coupling fixture 162, 172, 
which is configured to couple the frame portion 103 with the 
leg portion 102 of the seat assembly 101, in particular with 
a frame coupling element 161,171 of the leg portion 102. As 
may be seen in FIGS. 32 and 33, the leg coupling fixtures 
162 and 172 are bolted with the beam portion 31 and/or with 
the loop portion 32, particularly with the straight portion of 
the loop portion 32. More particularly, the frame portion 103 
comprises two leg coupling fixtures 162 and two leg cou 
pling fixtures 172, wherein the leg coupling fixtures 172 are 
configured to be coupled to a frame coupling element 171 of 
the leg portion 102 which is inserted in the recess of a third 
leg 125 and wherein the leg coupling fixtures 162 are 
configured to be coupled to a frame coupling element 161 of 
the leg portion 102 which is inserted in the recess of a fourth 
leg 126. 

Furthermore, as shown in FIGS. 32 and 33, the leg 
coupling fixtures 162 and 172 respectively comprise an inlay 
element 164, 174 and a cap element 165, 175, wherein each 
inlay element 164, 174 is configured to be inserted into the 
beam portion and/or the loop portion of the frame portion 
103 from the upper side thereof. Each cap element 165, 175 
is preferably configured to be attached to the beam portion 
and/or the loop portion of the frame portion 103 from the 
lower side thereof. Thereby, the respective cap element 165, 
175 is clinched and/or bolted to the respective inlay element 
164, 174, wherein the respective inlay element 164, 174 and 
the respective cap element 165, 175 enclose a section of the 
beam portion and/or the loop portion of the frame portion 
103 to form sandwich structure. 

Each cap element 165, 175 comprises a supporting por 
tion 165a, 175a and two connecting portions 165b, 175b, 
respectively, wherein the supporting portions 165a, 175a are 
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configured to support the respective cap element 165, 175 
relative to the beam portion and/or the loop portion of the 
frame portion 103 and, therefore, the supporting portions 
165a, 175a have a shape complementary to an exterior shape 
of the beam portion and/or the loop portion of the frame 
portion 103, so as to fit snugly thereon from a lower side. 
The cap elements 165, 175 may be covered with a cover 
element 165c. 175c, wherein the connecting portions 165b, 
175b may protrude from the respective supporting portion 
165a, 175b through a recess in the respective cover element 
165c, 175c. The connecting portions 165b, 175b each have 
a through hole 165d, 175d for a bolt or a screw 163, 173, 
Also, the cover elements 165c. 175c have shapes comple 
mentary to an exterior shape of the beam portion and/or the 
loop portion of the frame portion 103 and/or the respective 
cap element 165, 175, so as to fit snugly thereon from a 
lower side. 
As already mentioned above, the leg coupling fixtures 162 

and 172 are part of the rotary joints 160 and 170, respec 
tively, and thus form rotary joints 160 and 170 which are 
configured to rotate the frame portion 103 relative to the leg 
portion 102. Thus, the leg portion 102 is coupled to the 
frame portion 103 via at least one rotary joint 160, 170. 
Though, each rotary joint 160, 170 comprises a frame 
coupling element 161, 171 of the leg portion 102, a leg 
coupling fixture 162, 172 of the frame portion 103 and a link 
member 163, 173, which is configured to couple the frame 
coupling element 161, 171 and the respective leg coupling 
fixture 162,172. At least one of the components of the rotary 
joints 160, 170 may be made from a metal material. 
The link member 163, 173 may be formed by a screw or 

a bolt, wherein the link member is inserted into the through 
hole of the frame coupling element 161,171 and the through 
hole of the leg coupling fixture 162, 172. Each of the rotary 
joints 160, 170 may also comprise a nut 166, 176, which is 
configured to be screwed onto the respective link member 
163, 173 of the respective rotary joint 160, 170. Also, each 
of the rotary joints 160, 170 may comprise a washer ring 
167, 177, wherein said washer ring 167, 177 may be 
arranged between the head of the link member 163, 173 and 
a connecting portion 165b. 175b of the leg coupling fixture 
162, 172. At least one washer ring 168, 178 may also be 
arranged between the nut 166, 176 and a connecting porting 
165b, 175b of the leg coupling fixture 162,172. Also, at least 
one washer ring may respectively be arranged between the 
connecting portion 165b. 175b of the leg coupling fixture 
162, 172 and the connecting portion of the frame coupling 
element 161, 171. 

It is conceivable that the rotary joint 160, 170 is config 
ured to rotate the frame portion 103 relative to the leg 
portion 102, wherein the axis of rotation is formed by the 
length axis of the respective link member 163, 173. Thereby, 
the axis of rotation of each of the rotary joints 160 and 170 
is preferably Substantially parallel, including a tolerance of 
up to 20°, to an aircraft floor, preferably parallel to the 
aircraft's pitch axis, wherein the rotary joint preferably 
enables rotation of the frame portion 103 relative to the 
frame portion by an angle of up to +10° and/or -10°. 
preferably at least +5° and/or -5° and preferably of up to 
+15° and/or -15°, as measured from a regular position. 

In order to allow according rotation of the frame portion 
103 relative around the leg portion 102 around an axis of 
rotation, which is orthogonal to the length axis of the link 
members 163, 173, by an angle of up to +10° and/or -10°. 
preferably at least +5° and/or -5° and preferably of up to 
+15° and/or -15°, as measured from a regular position, each 
link member 163, 173 is inserted into the respective through 



US 9,592,913 B2 
35 

hole of the frame coupling elements 161, 171 and the leg 
coupling fixtures 162, 172 in a loose tolerance fit. Also for 
this reason the link members 163, 173 are fastened by the 
respective nut 166, 176 in a loose tolerance fit. However, this 
rotation may regularly blocked by at least one blocking 
element 169,179 and is only released upon application of an 
excessive force beyond a predetermined load level to the 
blocking element 169, 179, wherein each blocking element 
169, 179 preferably fails upon application of the excessive 
force, wherein the blocking elements 169,179 are preferably 
formed by a frangible washer. 

In contrast to the frame portion 3 of the first embodiment, 
the frame portion of the second embodiment, as shown in 
FIG. 32 and FIG. 34, is at least sectionwise covered with a 
closing panel 103a, wherein the closing panel 103a is 
bonded or welded to the frame portion 103. Accordingly, the 
frame portion 103 and the closing panel 103a together form 
a cross-section with the shape of a closed profile, said 
cross-section being perpendicular to the length axis of the 
respective section of the frame portion 103. 
As a secondary component of the second embodiment of 

the present invention, the lightweight aircraft passenger seat 
assembly 101 further comprises passenger safety belt fix 
tures 136, 37, whereas the passenger safety belt fixture 37 of 
the second embodiment may be identical to the passenger 
safety belt fixture 37 of the first embodiment. On the other 
hand, passenger safety belt fixtures 136 of the second 
embodiment may differ to the passenger safety belt fixture 
36 of the first embodiment. 

Passenger safety belt fixtures 136 of the second embodi 
ment may comprise a bolt 36.a for bolting the passenger 
safety belt to the supporting portion 102, 103, a cover 
portion 136b for covering a part of the Supporting portion 
102, 103, so as to spread loads induced from the passenger 
safety belt across a Surface of the Supporting portion 102. 
103. In particular, the cover portion 136b may be integrally 
connected to or formed together with the respective inlay 
element 164 of the rotary joint 160, so that loads induced 
from the passenger safety belt may directly be absorbed by 
the leg structure 102. Furthermore, the passenger safety belt 
fixtures 136 may comprise one or more attachments 36c for 
attaching parts of the passenger safety belt to it. The attach 
ments 36c will be bolted by a bolt 36a to the cover portion 
136b. 
The entire disclosure of European Patent No. 13 000 

841.0 filed Feb. 19, 2013 is expressly incorporated by 
reference herein. 

What is claimed is: 
1. A lightweight aircraft passenger seat assembly com 

prising: 
at least one seat portion with at least one seat shell for an 

aircraft passenger; and 
at least one Supporting portion for Supporting the at least 

one seat portion relative to an aircraft structure, 
wherein the at least one seat shell and the at least one 

Supporting portion are constructed as lightweight com 
ponents, 

wherein the seat shell is a one-piece construction includ 
ing a sitting portion and a backrest portion, 

wherein the seat shell is at least partially made from a 
fiber reinforced composite material and comprises a 
first fiber layer, a second fiber layer and a core material 
between the first fiber layer and the second fiber layer, 
wherein the core material extends along portions of the 
sitting portion and along portions of the backrest por 
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tion, and wherein a transition region between the back 
rest portion and the sitting portion is free of the core 
material, and 

wherein the backrest portion of the seat shell is bonded to 
a frame portion of the at least one Supporting portion, 
and sitting portion rests on the frame portion of the at 
least one Supporting portion and can slide on the frame 
portion in a guided fashion so as to be held by friction 
in individual positions. 

2. The lightweight aircraft passenger seat assembly 
according to claim 1, wherein at least one of the lightweight 
components forms an integral and/or monolithic body. 

3. The lightweight aircraft passenger seat assembly 
according to claim 1, wherein the at least one Supporting 
portion is made from fiber reinforced composite material. 

4. The lightweight aircraft passenger seat assembly 
according to claim 1, wherein the at least one Supporting 
portion comprises at least one leg portion which has at least 
one leg. 

5. The lightweight aircraft passenger seat assembly 
according to claim 1, wherein the at least one Supporting 
portion comprises at least one leg portion which has at least 
two legs to be coupled with an aircraft structure, wherein a 
first leg is configured to be oriented forward with respect to 
a longitudinal orientation of the aircraft and a second leg is 
configured to be oriented rearward with respect to the 
longitudinal orientation. 

6. The lightweight aircraft passenger seat assembly 
according to claim 5, wherein a third leg is configured to be 
oriented forward with respect to the longitudinal orientation 
and a fourth leg is configured to be oriented rearward with 
respect to the longitudinal orientation, wherein the third and 
fourth legs are configured to be engaged with a common 
frame portion. 

7. The lightweight aircraft passenger seat assembly 
according to claim 1, wherein the at least one Supporting 
portion comprises at least one leg portion which is config 
ured to connect to the frame portion of the at least one 
Supporting portion, wherein the leg portion connects to a 
loop portion of the frame portion and/or to a portion of the 
frame portion apart from a beam portion. 

8. The lightweight aircraft passenger seat assembly 
according to claim 1, wherein the frame portion includes at 
least one beam portion, which extends along a line in a 
widthwise orientation. 

9. The lightweight aircraft passenger seat assembly 
according to claim 1, wherein the at least one Supporting 
portion comprises at least one leg portion, wherein the leg 
portion is coupled to the frame portion of the Supporting 
portion via at least one rotary joint. 

10. The lightweight aircraft passenger seat assembly 
according to claim 1, wherein the lightweight aircraft pas 
senger seat assembly comprises at least one foot portion 
which is configured to couple the at least one Supporting 
portion with a rail provided at an aircraft floor. 

11. The lightweight aircraft passenger seat assembly 
according to claim 1, 

wherein the first fiber layer comprises a cut-out in an area 
of a force application portion and wherein the force 
application portion is covered by the second fiber layer. 

12. The lightweight aircraft passenger seat assembly 
according to claim 1, wherein the Supporting portion com 
prises at least one leg portion made from a fiber reinforced 
composite material, wherein the at least one leg portion has 
at least two hollow legs, and wherein at least a portion of at 
least one fiber layer continuously extends over the at least 
two legs free of intersections. 
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13. The lightweight aircraft passenger seat assembly 
according to claim 1, further comprising a foot portion 
configured to couple the at least one Supporting portion of 
the lightweight aircraft passenger seat assembly with a rail 
provided at an aircraft floor, 5 

wherein the foot portion forms a rotary joint, wherein a 
barrel nut is received in a cavity of a housing in a 
rotatable fashion and is connected to a bolt to be 
secured to an aircraft structure, wherein the rotation of 
the barrel nut is blocked in a predetermined angular 10 
position relative to the housing by at least one shear 
plate acting as a blocking element, and wherein the at 
least one shear plate fails upon application of an 
excessive force beyond a predetermined load level, so 
as to allow the barrel nut to rotate relative to the 15 
housing. 

14. The lightweight aircraft passenger seat assembly 
according to claim 1, wherein the frame portion comprises 
a single beam portion and two closed loop portions which 
are arranged at opposite ends of said single beam portion, 20 
wherein said single beam portion is twistable by a twisting 
angle equal to or greater than 5' as measured from an 
untwisted State. 
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