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High Density Alrcraft Seat Arrangement

The present invention concerns an alrcraft seat

ailrcraft seat
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When designing a business and/or premium economy seat and

corresponding LOPA (Lavout of Passenger Accommodations) there

feeling of space and comfort for the passenger whilst

providing a high density seating configuration fo maximise

revenues for airlines. Passengers Lypically expect a lie-flat
bed and a personal and private space, with access to storage

areag, a personal TV / VDU monitor, a table and preferably
other surfaces for use as a shelf or takble. A privacy shell

Lo provide the feeling of a private space may also be

and common modern alrcraft currently being manufactured and

Y & chieve such
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pracking of the seats in a given vo by means of
herringbone~-type arrangements of seats and/or by means of
creating foot-well regions that interface in a gecmetrically

efficient manner in relation to the seats in front of the

seat ¢
configuration 1s one in which the seats are orientated such

axis by a seat offset angle, although it 1s common for
adiacent seats tTo face in different directicons (e.g. one seat
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being inclined relative tc the longitudinal axis by a seat
offset angle 1n an anti-cC direction; . Some
configurations have ad]j 5 Inclined to the
longitudinal axis by a t angle of the same sign.

needs to be (The seat pitch being the distance between rows 1
the direction perpendicular to the rows). Having a long seat
pitch can compromise on packing efficiency, 1if the length of

cabin i1s not close to an integer number multip
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pitch. Increasing the seat offset angle may reduce the

number of seats thalt can be provided across the widith of the
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Some examples of the prior art will now be described.
oses an aircraft cabin, in which there

are installed seat units, each seat unit having a lie-flat

seat and a conscle adjacent to the sealt, the seat beling
configurable between a bed mode and a seat mode. Some of the

s, Lowards the nose of the aircraft, face in a direchtion

itudinal axis. The console of a seat unit
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accommodates a foot-well for use by a passengser in the seat
behind. The seat units do not appear to be designed to face

me direction or to be arranged in rows where two or

oh et o £

more sultable to a first class suite of

WO 2009/073244 discloses an ailrcraft cabi

there are installed a plurality ¢of lie-flat seats arranged in

I . Ty . - . -3 -3 J PP Sl oY ; e =] - T aT - R
YOWs. The sealts are arranged as Three galrs per row, dan aisie
being defined between adiacent pairs The seats in each oair
oelng aerllned Deltweell adjacent palrs. e sealts 1 each palrx

N R A \ H - P . -~ P oAt ek =
direction). The feet of a passenger in a seal behind a

foot-well To the rear of the consocle. The low angle of
inclination of the seats relative to the longitudinal axis of
the cabin translates into a relatively long pitch of seat

Such a long pitch can affect packing efficiency in certain

are installed rows of seat units each unit having a forward

facing lie~-flat sealt and an assococilated conscle, the

and successive rows alternate in configuration such that the
consoles Iin one row are directly in front of fthe seats in the

f a seat in one row overhangs the

~3

row behind. The armrest
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providing a space-packing
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oy e R PP PR - e
inal axis of the cabin translates intoe

atively long pitch of seat, which may adversely affect

are installed angled rows of seat units each unit having a
eat and an associated conscle. The seats face in a direction
offset from the longitudinal axis of the cabin, but

e direction in which the row extends across
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the alrcraft cabin. The consoles in a row provide footrests

i

for the seats in the row behind and armrests for the seats in

OW. The seats are not configured for conversion

When designing seats and LOPAs, consideration needs To be
given not only to the reguirements of the seated passenger and

ilable voclume in the cabin but alsc tco the requirements

va
for sufficient access to and from and along the aisles of the

feett level. The Federal Aviation Regulations specify that,

ss specilal circumstances apply, for an aircraft having a

0

passenger seating capacity of 20 or more, the passenger alsle

= =
71 AR + oamv malnt hetive coata ust 1341 cvrmraad 15
width at any point between seats mus eduar Or egXleed Lo

inches (~381lmm) at a height of less than 25 inches (~635nm)

and must equal or exceed 20 inches (~508mm) at a height of 25

inches (635mm} or more. Aircraft manufacturers also recommend
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{(~514mm} above a height of 25 inches (~635mm). Boelng

recommends a minimum aisle width of 15.5 inches (~3%4mm) below
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the same as or greater than the area of the lateral bed
surface portion. The lateral bed surface portion may be
substantially triangular when viewed in plan. The lateral bed

surface portion may be located ketween an arm rest of the seat

and the seat pan. The lateral bed surface portion may have a
fixed position relative to fhe seat unit.
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that can be accommodated by the seat 11ts. FEach seat will
typically have a back cushlion, a seat pan cushion, and a
cushioned leg rest portion. The seat pan cushion may have a
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greater than 470mm.
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of the seat unit. Preferably, each conscle
surface providing space useable by a passenger in
adiacent to the console, tThe upper surface havii

that at least partially overlaps with the footprint
foot-well defined by the conscle. Preferably, e
includes an arm-~rest surface for use by a passenger 1

seat of the seat unit, the arm-rest surface overh:
region aft of the foot-well defined by the consol
unit. Preferably, each seat unit includes an arr

when viewed in plan, extends in a direction away T
of the seat at an angle To the direction in which

same row. In particular, each seat unit 1is
alone unit where no element or structure of the

ek s
Lot

the air aft ct

with any For

.
walls

structure in the same

Y EAT

row.
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own structure 1s deemed To be acceptable in view of the
potential advantages provided by the modular and flexible
design.
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The same size and shape resulting in a modular and consistent
constructlion and installation of the seals. The seal unitis

b are In a 1-2-1 configuration across

63}
0
i..(
-}
-
)
€]
o
W
ch

the width of the cabin 26, providing
of cabin and an aisle

pair of sealt units directly adiacent fo each other (in that an

s
0}
5
cr
®

alsle does not nd therebetween) and positioned between the

two alsles 38. The ftwo alsles 38 extend parallel to the

ilongitudinal axis 30 of the cabin.

Figures 2a to 4f also show seat units 10 and seats 18

‘u_.
[ap
-

iment. Figures Z2a to 2d show in

h

ilole
perspective view, from different directions, a pair o

adiacent sealt units 10 positioned between the two aisles 38.
T\ e o 1 - - P I ) - ~ oy oy F ~
As can be seen from Pl@l 5 Za TO 2£Q, each seat unit luL¢1d,f,

at 18 and the console 20 adiacent to the

relatively planar portion 45 thal extends in a substantially
PRI S . T f v b 2 - T e o oy Yo e . L e -
straight line (when viewed from above) from a position, on the
! 7

console 20 of the seat unit, in front of and to one side of

position adjacent to the opposite edge of the sesat back 44.

o that

_.3
-y
®

shell includes a second relatively planar portion
cxtends in a2 substantially straight line (when viewed from
above), parallel to the longitudinal axis, from this opposite
seat back 44 to a position in front of and to the
other side of the seat. The ends of the shell in front of the

terminate at substantially the same distance along the length
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bed surface despite a small part of the body overhanging the

It will be seen that the headrest 585 in sealt mode 36 is
in a vertically configured position that is directly adjacent
42 and that the headrest 58 in bed mode 36 is in

a horizontally configured position that is also directly

pper surface that functions as a storage

shelf or side table 49 providing space useable by a passenger

i

{4

8 adjacent to the console 20 (the seat belonging

t unit 10 as the console). The table area 49
.t_.

a
has a footprint that is subs

—antially wholly contained within

the footprint of the part of The conscle that defines the

The seats each include two arm-rests 47, 48. With

reference to Figure 2a, there is a first triangular arm-rest

a
P =S T = N 3 N = T —~ -~ 1 - - R P sy
AT of the foot-well 40 of the consocle across which aft space

’F‘
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the legs of a passenge in the foot-well

extend,. The inner edge of the first triangular armrest 47

®
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3
Q.
)
2
o
~G
s
e}
O
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+
=y
®
03
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Q

direction parallel to the
seat axils 31, but the ocuter edge of the first triangular

armrest 47 extends away from the seat in a direction angled

[

away from seat axis. Tt will be noted that there is a step b2
down from the ftable area 49 to a dista

the console located on a part of the conscol

A second elongate rectangular armrest 48 is also provided

which extends in a direction parallel to the longitudinal axis
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minimum width measurements taken along the length of the ais
extend in a straight line parallel fto the longitudinal axis 30
which alds easy passage down the ais

alike.

seats, one
in front of the other, are, when in bed mode, very close Lo

cach other, when viewed in plan {see Fig 1b for example), the
distance ketween the centre lines of such seats may be only

slightly greater tThan the seat cushion width. The separaticon

el
-
®
lm
z
]
®
=
o]

the centre lines of two adjacent seats of a palr of
seats in the centre cabin area may there
greater than twice the seat cushion width. In this

cmbodiment, the separation between The centre lines of fTwo
such adjacent seats is about 40 Iinches (about 1015mm)

will be appreciated that the

in the LOPA may be differently configured / used. The
frontmost zeat units have in front of them dedicated foot-
wells and a monitor which may be mounted differentiy. The
monitor and or foot-wells may be accommodated on or in a

bulkhead in front of the foremost seat or in

6}

O
=
o
O]
-}

T

. 3 L Fi O JR S i Ty . PRI R =B S P - ~
mounted on the capin ficor. The consoles 0of The rearmost seat

units do not need to house an ottoman and the rear shell does

not need to accommodate a monltor or storage spaces

L r
—h
O
[
-
[9)]
]
o
L_<:

Figure 5 shows a LOPA according to a second embodiment
T

and shows a set of seats suitable for installation on a Boeing
787 ailrcraft or on an Alrbus AZR0 alrcraft. Ihe key

dimensions of the LOPA of the second embodiment are set out
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o oy oy A S T ke - LR . 1N ; .
seat pitch — P 47 inches 104 Tmm

- + aral a 20 A o 200 A

Seat andie — o U aedrees S cedrees

bed length —- B 76.9 inches 1954 mm
Emin - minimum egress width 9.3 inches 237 mm
Emax - maximum egress width 17.3 inches 440 mm
Monitor size 17 inches 437 mm

Al - first aisle width wvalue 17.55 inches 446 1om

{minimum width below 257)

o P - DR, - - T a T~ -~ - = .
AZ - second alisle width value 20.5 inches 521 rom

{(minimum width above 257)

There is more room across the width of the cabin 126

cabin available for the seat units in the first embodimen

ct

width and seat unit length are correspondingly longer. Given

that the pitch remains the same at 41 inches, the minimum and

]

maximum egress dimension i1s shortened slightly. A larger {19

inch) monitor is providec

,
&

°

Figure 6 shows a LOPA according to a third embodiment and

shows a set of seats suitable for installation on a Roeing 747

or 777 aircraft or on the main deck of an Alrbus A380

D

A . - ; : A . o =
alrcraft. The key dimensions of the LOPA ¢f the secon

r.
6]
=

)

embodiment are sel out below:
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Emin — minimur

Emax — maximu
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6.2 inches 1935mm
egress width 8.5 inches 21 6mm
h 16.4 inches 471 7rm

e e L]
m egress wid

12 inches 48 3mm

igle width value 21.6 inches

{minimum width below 257) 54 9mm

alisle width value 17.5 inches

{(minimum width above 257) 44 4mm

avallable f¢

238 in this

more room across the width of the cabin 226

the seat units 210,212,214,216 and the alsles

i
t

third embodiment than in both the first and second
It therefore makes better use of the width of

this case, to increase the seat angle to 33

degrees, which allows the pitch to be reduced te 39 inches

991mm) without significantly compromising on the

the bed available {(still 76 inches - 19235mm) . The seat unit

width is wider (at 1232mm). The minimum and maximum egress

14 et N
A1Mensions ax

enbodiment
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e shortened slightly in compariscn fto the second

itor 1s provided.

seats are positioned at a distance along the cabin measured in
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longitudinal direction differ
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to face away from the aisle), the seat on the opposite side of
the aisle faces towards the aisle and has a console between it
and the aisle. Thus, there are no seats that are positioned
back-to-back across an aisle in any of the fourth to seventh
cribodiments.

Reference is made herein to The “footprint” of various

things. It will be understood that the footprint of an object

floor defined by the cutline of the object when viewed in plan
4 -y -
view (e.g. 1in a direction that is normal to the plane defined

certalil possibie variations will now be described.

Above, it 1s suggested that substantially all seats have

the same shape and configuration. It will be appreciated

however that certain seat units may need to be configured

example, a seat unit in the front or rear row of seat units

L_‘
=
[$)]
<
o
O
Q.
-
-
]
o
[
3
I,
=y
3
o+
o
el
-
[9)]
O
-
=
(e
bt
]
]
[
3
[$)]
[oF
i
-
[9)]
@]
b
9]
o
-
",
<
Qs
s
-
~
]
O
[
o+
3
D

corresponding
may be a need to have a slightly different shape of seat unit,

especially any that have the sealt backs against the cabin side
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cabin, it may be bheneficial to arrangs the table in much the

b

same way as described above, but in the monument in front of

the seats rather than in a conso



10

15

20

25

30

WO 2013/136080

7 % P - - T
There may Le

some

{(i.2. measured clockwis
instead of anti-clockwic

e/fooct-we

25 1

at below

ﬂ
jak)
<
{L
i
%__4

be appreci

Or more

YOWS

ining

which should

reover, it is to be u

— :3 '7 —

seats that face in

(S
1L

fhe window seats

fowards the window

an

ran

to use
nches.,

ated

T
ot
j§b}

as

[
[
i
$3]
[
[#2]
O

apepreci

invention

nderstoocd that
f

desirable,

iments.

-

(with backs

PCT/GB2013/050645

in the

gement, could,

as 1t would

space

Lo encomgpass

the

any
ated by reader

ribed

P
]
Q.
D
[@]
®
i
O
[¢]
"3
ot
@]
}_.J
Q
i_.(
”
[©)]

- - 3 - =
some embodiments of
L .
ay therefore be



PCT/GB2013/050645

38

1ims

WO 2013/136080
Cls

~

(3}
i

-

-
L0

Sy
.
+
C

there

the

3
o

al
QOr,

!

-y

onsole adjacen
eq

a c
CO

.
H

s

eqgual

seat and
sle-width-value

=
Lo

a
nfigu

-

a

(9

udes
an

Li

dth-val

ncl
ies
a
Wi

~

ua
f::

<

and
nit
nol

rst
u
j_ N

¢ fi
¥

ing

mod

-

sea

nclud

5
10
20

Q

N

4

1
[¥2]

Q

W1C

imum

ia)
L1

mi

g

L4

sea

ein
N
o¥e

o}
Floc
fi

£

ird

he

tion

th
T

N
I
o

and
re
of the

rom

.

£

d

.
o

-

second

d

<y Y
Sa L
+
}

P

distance

st,

an
b

tTion,

1

~
C
s

re

i

£

.

the fi
d

h

-
L

PR

S

<

es

&
T

each of

idth,
th

in
commoda

ce

-
L
—~
L

ni

seats of
T

LAl

-
4

ond mi

9]
region no

aisle anc

sec

widtl

a

25



WO 2013/136080 PCT/GB2013/050645

jun
o
'._J
ot
}.‘l
]
s
o3}
[
®
(@]
}.‘l
e}
o]
=
'._J
Q
)
{ T
et
-
=
o
o]
ot
)
=
®
h
'._J
-
n
ot
i
Ui
ot
83}
)
@]
o
-
[
C
=
ot
oed
=
®

ircraft cakin according to claim 1, wherein the each

the seat and forward of the seat back on both sides to enhance

+-

privacy and wherein the shortest distance that defin

e
second aisle-width-value, extends tec 2 point on the shell of

0]

the first =seat unit.

3. An aircrafi cabin according to claim 2, wherein the shell
of each seat unit extends to a region akbove the console,
4. An aircrafi cabln according to claim 3, wherein the shell

of each seat unit extends from behind the seat of the seat

unit to a region near to kut short of the far end, from the

seat, of the console of the seat unit.
- I R o N TR oy e e e - PR [ . /
5. An alrcraft cabin according to any of claims 2 to 4,

wherein the shell of esach seat unit accommodates a monitor

rotatably mounted for movement between a position in which the

-
N
=
j-
ot
vl
Qu\
-+

monitor is substantially aligned with the shel a non-

pervend 11l -

ay viewing angle for a passenger sat in the seat

[

towards which the moniteor is directed and a position in which
the moniteor is substantially aligned with a perpendicular
viewing angle for a passenger sat in the seal towards which

the monitor is directed.

&, An aircraft cabin according to any preceding claim,
wherein the console of each seat unit includes
a far surface on a lower part of the consocle below the

first distance from the floor, the far surface being on the
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opposite side of the console from the seat of the seat unit
and

an upper surface positioned above the first distance from
the floor and which has a footprint which extends to near to,

but short of, the foctprint of the far surface.

wherein the first row of seat units and the second row of seat

gside of the cabin to a respective window seat unit on the

opposite side of the cabin, there being one or more aisles

o A N T PR 34 I T R o oy -
3. An aircrafi cabin according to claim 7, wherein each seat

unit in each row that is adjacent to an aisle either faces

e J
towards the aisle or away from the aisle, and in respect of

any seat unit adjacent to an aisle which faces away from the
alsle, the nearest sealb unit on the opposlite side of the aisle

. An ailrcraft cabin according to any preceding claim,

.
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1)
o
b
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et
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=h

,.4

the first and second rows extend perpendicular
axis and the sealt units and aisle are so

arranged that there is a noticonal cylindrical shape with an

alsle and which has a minimum width below the first distance
from the floor that is substantially the same as the first

b b
1
1.

alsle-width-val

10. An aircraft cabin according to any preceding claim,

wherein each row includes at least one set of two or more
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ined between

spaced apart from

aft cabin according to any preceding claim,

ats in each of the first row and the second row
me direction

L capin according to any preceding claim,
onsole defines an upper surface providing space
assenger Iin the seat adjacent to the console,

~rest surface for use by
the arm-rest surfac

defined

according to any preceding claim,

-rest when viewed

which,
in a direction
ction in
according to

any preceding claim,

of each seat unit includes a seat back, a seat
rest, which are each moveable between a seat

and a bed

r-+
N

J
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surface pora
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surface portion is positioned to

portion is positioned to the side

when the seat is bed mode, the lateral bed

=] P J A - 41 - Rkl -
thus extending the bed surface

}._J
o
ot
0]
=
o
,‘J
l...(
~
H
o}

sealt back when

according to any preceding claim,

h between the rows ¢of seats 1is between 950mm
he offset sealt angle is between 25 and 35

= - . -~ oyt
TOor use as a seatc

T

oot
0]

unit of

T configured

ccording to claim.

any preceding

cabin having a flocr and a longitudinal axis,

and second seat units in a first row of seat
d seat unit in a second row of seat units,

nit includes a seat and a console adjacent to
at being configurable between a bed mode and a
ncludes an aisle extending parallel to the
s, the first and second se=sat units being
aisle,
f each of the first, second and third seat
n the same direction, said direction being
longitudinal axis by a seat cifset angle,
of the first seat unit is directly adjacent

accommodates

of the third
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