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Description

FIELD

[0001] The present disclosure generally relates to the
fabrication of composite structures, and deals more par-
ticularly with composite wing panels for aircraft as well
as a method of fabricating such panels.

BACKGROUND

[0002] The production of large composite structures
such as aircraft wings spanning up to 100 feet or more
requires a substantial amount of factory floor space. In
a volume production environment, such structures are
often fabricated and assembled in individual work cells
on a factory floor, each dedicated to a particular task or
process. For example, in the case of wing panels, a layup
mandrel may be cleaned and prepared for use in a work
cell, and then transferred to different work cell elsewhere
in the factory where a composite wing skin is laid up on
the mandrel by a laminator such as an automatic fiber
placement (AFP) machine. Similarly, composite stringers
used to reinforce the wing skin are produced in different
cells dedicated to composite material layup, forming, in-
spection and trimming operations. The stringers are then
transported to the location of wing skins where they are
individually placed on a wing skin, following which the
resulting wing panel is transported to an autoclave where
it is cured for a desired cure period.
[0003] The abstract of EP3106280 states: "Composite
structure fabrication systems and methods. The systems
include a plurality of ply carriers, each of which is config-
ured to support at least one ply segment, and an elongate
forming mandrel, which defines an elongate ply forming
surface that is shaped to define a surface contour of the
composite structure. The systems further include a car-
rier transfer device, which is configured to selectively
convey a selected ply carrier from a ply kitting area to an
intermediate location, and a forming machine, which is
configured to deform the selected ply carrier and a re-
spective ply segment over a selected portion of the elon-
gate ply forming surface. The forming machine further is
configured to separate the selected ply carrier from the
respective ply segment and return the selected ply carrier
to the carrier transfer device.
[0004] The methods include methods of operating the
systems."
[0005] The abstract of WO2014/175799 states: "a
method for manufacture of a torsion-box type skin com-
posite structure mountable to a main sub-structure, the
torsion-box type skin composite structure comprises a
skin component, a stiffener element, a fastener element
for bonding the torsion-box type skin composite structure
to the main sub-structure. The method comprises the
step of providing a forming tool;providing a skin lay-up
onto the forming tool ;positioning a stiffener lay-up and
a fastener lay-up to the skin lay-up for forming an integral

lay-up and co-curing the integral lay-up; and mounting a
coupling member to the stiffener element and the fasten-
er element. The present disclosure regards also a struc-
ture and a data medium storing program and production
line per se adapted to make use of the data medium
storing program for executing said method." Although the
wing panel production method described is reliable, it is
less than fully efficient. The need to move wing panel
components between work cells and delays experienced
in individual cells adds to flow times and reduces through-
put.
[0006] Accordingly, there is a need for a more efficient
production method which reduces flow times by minimiz-
ing delays and transportation times, while better utilizing
factory floor space.
[0007] The disclosure relates in general to composite
structures, and more specifically to fabrication of com-
posite aircraft structures such as wing panels on a pro-
duction line.
[0008] According to one aspect, apparatus is provided
for making composite wing panels, comprising a produc-
tion line, and a plurality of mandrels coupled with the
production line. The apparatus also includes a production
line drive configured to move the mandrels along the pro-
duction line, and a plurality of work stations along the
production line. The workstations are configured to per-
form work on the mandrels, and include at least one wing
skin lamination workstation. The apparatus also includes
at least one laminator at the wing skin lamination work-
station for laying up composite wing skins on the man-
drels. The apparatus further includes a controller coupled
with the production line drive and configured to control
movement of the mandrels along the production line.
[0009] According to another aspect, a system is pro-
vided for making composite wing panels, comprising a
production line that includes a plurality of workstations
each configured to produce a portion of the wing panels.
The system also includes a plurality of mandrels on which
the wing panels are produced. The mandrels are mova-
ble along the production line. The system also includes
a plurality of feeder lines respectively configured to feed
materials to the workstations. The system further in-
cludes a control system for controlling movement the
manuals along the production and feeding the material
to the workstations.
[0010] According to still another aspect, a method is
provided for making composite wing panels for aircraft.
The method comprises moving a plurality of mandrels
along a production line, and laying up composite wing
skins on the mandrels at a lamination workstation along
the production line. The method further includes placing
composite stringers on the composite wing skins at a
stringer placement workstation along the production line.
The method also includes moving the mandrels along
the production line through the lamination workstation
and the stringer placement workstation according to takt
times that result in a desired wing panel production rate.
[0011] According to another aspect, a method is pro-
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vided of making wing panel for aircraft. The method in-
cludes moving mandrels along a production line through
at least one lamination workstation and at least one
stringer placement workstation. The method includes in-
dexing into the mandrels to the lamination workstation
and laying up composite wing skins respectively on the
mandrel at the lamination workstation. The method fur-
ther includes synchronizing moving of the mandrels
through the lamination workstation with laying up the
composite wing skins using the indexing of each of the
mandrels to the lamination workstation. The method also
includes indexing each of the mandrels to the stringer
placement workstation and placing composite stringers
respectively the wing skins at the stringer placement
workstation. The method further includes synchronizing
moving the mandrels through the stringer placement
workstation with placing the composite stringers on the
wing skins using indexing of each of the mandrels to the
stringer placement workstation.
[0012] According to a further aspect, a method is pro-
vided of making wing panels for aircraft comprising mov-
ing each of a plurality of mandrels along a production
line, and laying up composite wing skins respectively on
each of the mandrels. The method includes fabricating
a plurality of composite stringers on a stringer feeder line,
and feeding the composite stringers from the stringer
feeder line to the stringer placement workstation. The
method further includes placing the composite stringers
on each of the composite wing skins at the stringer place-
ment workstation. In one example, the method includes
moving the mandrels along the production line through
at least two stringer placement workstations.
[0013] According to another aspect, a method is pro-
vided of making wing skins for aircraft comprising moving
layup mandrels along a production line, and laying up
different sections of a wing skin on each of the layup
mandrels respectively using different laminators as the
layup mandrels move along the production line.
[0014] According to still another aspect, a method is
provided of making wing panels for aircraft comprising
moving composite wing skins along the production line,
and placing composite stringer preforms on each of the
wing skins at a stringer placement workstation along the
production line as the wing skins move along the produc-
tion line.
[0015] According to still another aspect, a method is
provided of making different wing panels for aircraft, com-
prising moving differently configured composite wing
skins along a production line, and producing different sets
of stringer preforms on a stringer feeder line, wherein
each of the sets of the stringer preforms is associated
with one of the differently configured wing skins. The
method also includes feeding the sets of stringer pre-
forms to a stringer placement workstation along the pro-
duction line such that each of the sets of stringer preforms
arrives just-in-time at the stringer placement station to
be placed on an associated wing skin, and placing the
each of the sets of stringer preforms on the respectively

associated wing skins at the stringer placement station.
According to still another aspect, a method is provided
of making different wing panels for aircraft, comprising
moving different composite wing skins along a production
line and producing stringer preforms on a stringer feeder
line. The method also includes feeding the stringer pre-
forms individually to a stringer placement workstation
along the production line such that individual stringer pre-
forms arrive just-in-time at the stringer placement work-
station to be placed on a composite wing skin. The meth-
od also includes placing the stringer preforms on the com-
posite wing skins at the stringer placement workstation.
[0016] According to another aspect, a method of mak-
ing wing panels is provided comprising moving compos-
ite wing skins along a production line, and placing at least
a first group of composite stringer preforms on each of
the composite wing skins, wherein all of the composite
stringer preforms in the first group are placed on the com-
posite skin simultaneously.
[0017] According to a further aspect, a method is pro-
vided of making composite wing panels for aircraft. The
method includes moving a plurality of mandrels through
a plurality of workstations along a production line that
includes a lamination station. The method also includes
laying up composite wing skins on the mandrels at the
lamination station, and placing indexing features on each
of the mandrels that index the mandrels to the lamination
workstation.
[0018] According to still another aspect, a method is
provided of making a plurality of differently configured
composite wing panels. The method includes moving lay-
up mandrels along the production line through a plurality
of workstations, and selecting configurations of compos-
ite wing panels to be made. The method further includes
making wing skin preform by laying up composite mate-
rial on each of the mandrels based on the selected con-
figurations, and placing composite stringer preforms on
the wing skin preform s based on the selected configu-
rations.
[0019] According to another aspect, a wing panel is
provided for aircraft comprising a pair of composite wing
skins and a plurality of composite stringers located be-
tween and attached to the composite wing skins. The
composite stringers include stringer blade extending
substantially parallel to each other.
[0020] One of the advantages of the disclosed fabrica-
tion methods is that composite aircraft structures such
as composite wing panels can be made more efficiently.
Another advantage is that the amount of time required
to fabricate composite wing panels can be reduced. A
further advantage is that composite wing panels can be
fabricated with improved consistency and quality. Still
another advantage is that the labor content of composite
wing panels can be reduced. Another advantage is that
available factory floor space can be utilized more effi-
ciently. A further advantage of the disclosed fabrication
methods is the composite aircraft structures such as wing
panels can be fabricated at higher rates of production
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and with greater consistency.
[0021] The features, functions, and advantages can be
achieved independently in various examples of the
present disclosure or may be combined in yet other ex-
amples in which further details can be seen with refer-
ence to the following description and drawings.
[0022] It is noted that the term ‘mandrel’ as used in the
application refers to a mandrel upon which parts, for ex-
ample aircraft parts, can be positioned. The term mandrel
is interchangeably used with the word ‘tool’ in this appli-
cation and is considered direct to a single subject. The
term ‘mandrel’ may further be interchangeably used with
the term ’layup mandrel’, which is used as a surface upon
which parts, layers of material or combinations thereof
may be positioned. This may for example, in the case of
wing panels, relate to a mandrel or layup mandrel on
which a composite wing skin is laid up by a laminator
such as an automatic fiber placement (AFP) machine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The novel features believed characteristic of the
illustrative examples are set forth in the appended claims.
The illustrative examples, however, as well as a preferred
mode of use, further objectives and advantages thereof,
will best be understood by reference to the following de-
tailed description of an illustrative examples of the
present disclosure when read in conjunction with the ac-
companying drawings, wherein:

Figure 1 is a perspective view of an airplane.
Figure 2 is an illustration of a perspective view of the
starboard wing of the aircraft shown in
Figure 1, partially exploded to reveal inner compo-
nents of the wing.
Figure 3 is an illustration of a diagrammatic plan view
of a wing panel, showing the placement of typical
stringer sections.
Figure 4 is an illustration of a combined block and
diagrammatic view of a production line for producing
composite wings.
Figure 5 illustration of a side of a portion of the pro-
duction line of Figure 4, showing mandrels on a mov-
ing track.
Figure 6 is an illustration of the area designated as
"FIG. 6" in Figure 5.
Figure 7 is an illustration of a combined block and
diagrammatic view of a system for monitoring the
movement of mandrels along the production line.
Figure 8 is an illustration of a diagrammatic side view
of an AGV having a mandrel carried thereon.
Figure 9 is an illustration of a diagrammatic plan view
of a portion of the production line, useful in explaining
pulsing of the mandrels along the production line.
Figure 10 is an illustration of a plan view of worksta-
tions on the production line, useful in explaining a
technique of piggybacking apparatus on the man-
drels.

Figure 11 is an illustration of a plan view showing
use of the piggybacking technique across multiple
workstations.
Figure 12 illustrates a perspective view of a mandrel
having a wing skin laid up thereon, showing the ori-
entation of a stringer preforms, the location of other
stringer preforms to be placed being indicated in bro-
ken lines.
Figure 13 is an illustration of a fragmentary plan view
of a portion of a wing skin preform laid up on a man-
drel, showing a manufacturing excess and a flash
edge on the preform.
Figure 14 is an illustration similar to Figure 13 but
showing the flash edge having been removed.
Figure 15 is an illustration similar to Figure 6 but
showing indexing features having been added to the
manufacturing excess.
Figure 16 is an illustration of a conceptual flow dia-
gram useful in explaining how processes along the
production line are assigned takt times.
Figure 17 is an illustration of a block diagram of con-
trol and operating components of workstations along
the production line performing operations prior to
hardening of the wing panels.
Figure 18 is an illustration of a plan view of a work-
station showing how multiple laminators at the work-
station may layup different sections of a wing skin
preform.
Figure 19 is an illustration of the area designated as
"FIG. 19" in Figure 18.
Figure 20 is an illustration of the area designated as
"FIG. 20" in Figure 18.
Figure 21 is an illustration of a combined block and
diagrammatic view showing how laminators at dif-
ferent workstations layup different sections of a wing
skin.
Figure 22 is an illustration showing how laminators
at different workstations may layup different sections
of the ply of a wing skin preform.
Figure 23 is an illustration of a diagrammatic plan
view of one example of a layout of the workstations
of the production line.
Figure 24 is an illustration of a diagrammatic plan
view of another example of a layout of the worksta-
tions of the production line.
Figure 25 is an illustration of a diagrammatic plan
view of a further example of a layout of the worksta-
tions of the production line.
Figure 26 is an illustration of a diagrammatic plan
view of another example of a layout of the worksta-
tions of the production line.
Figure 27 is an illustration of a plan view showing
one example of how mandrels may be oriented as
they move around a sharp turn along the production
line.
Figure 28 is an illustration of a plan view showing
another example of how mandrels may be oriented
as they move around a sharp turn along the produc-
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tion line.
Figure 29 is an illustration of a stringer feeder line
shown in Figure 4.
Figure 30 is an illustration of a combined block and
diagrammatic view of the stringer feeder line.
Figure 31 is an illustration of a sectional view taken
along the line 31-31 in Figure 29.
Figure 32 is an illustration of a cross-sectional view
of a stringer preform.
Figures 33-40 are illustrations showing how the
stringer preform is fabricated on the stringer feeder
line.
Figure 41 is an illustration of a combined block and
diagrammatic view showing how stringer sections
may be placed on a wing skin at different worksta-
tions.
Figure 42 is an illustration of a diagrammatic plan
view of a wing skin showing how stringer preform
sections can be placed in a chord-wise order.
Figure 43 is an illustration of a diagrammatic plan
view of a wing skin showing how stringer preform
sections can be placed in a span-wise order.
Figure 44 is an illustration of a combined block and
diagrammatic view showing how a group of stringer
preforms can be placed on a wing skin by a single
pick-and-place machine.
Figure 45 is an illustration of a combined block and
diagrammatic view showing how groups of stringer
sections can be placed on a wing skin in a chord-
wise order.
Figure 46 is an illustration of a combined block and
diagrammatic view showing how groups of the string-
er sections can be placed on a wing skin in a span-
wise order.
Figure 47 is an illustration of a combined block and
diagrammatic view showing how all of the stringer
sections can be placed on a wing skin together at
the same time.
Figure 48 is an illustration of a fragmentary, cross
sectional view of a portion of a mandrel having a
wing skin laid up thereon, showing the angularity of
stringer preforms that have been placed on the wing
skin.
Figures 49 and 50 are illustrations of combined block
and diagrammatic views showing how a single pick
and place machine successively places groups of
stringer preforms on a wing skin in a chord-wise di-
rection.
Figure 51 is an illustration of the area designated as
"FIG. 51" in Figure 49.
Figure 52 is an illustration of a side elevational view
of a pick-and-place machine showing how a stringer
preform is picked up.
Figure 53 is an illustration of a diagrammatic plan
view of a pick-and-place machine, portions being
broken away to show how pickup arms may be ar-
ranged in rows and columns.
Figure 54 is an illustration of is a diagrammatic plan

view showing how all four wing panels of an air-
plane’s wings can be produced on the same produc-
tion line.
Figure 55 is an illustration of a diagrammatic plan
view showing how differently configured wing panels
can be produced on the same production line.
Figure 56 is an illustration of a combined block and
diagrammatic view showing how mandrels can be
identified and associated with differing wing config-
urations.
Figure 57 is an illustration of a flow diagram of a
method of making wing panels for an aircraft.
Figure 58 is an illustration of a flow diagram of a
method of making wing panels for an aircraft.
Figure 59 is an illustration of a flow diagram of a
method of making wing panels for an aircraft.
Figure 60 is an illustration of a flow diagram of a
method of making wing panels for an aircraft.
Figure 61 is an illustration of a flow diagram of a
method of making wing panels for an aircraft.
Figure 62 is an illustration of a flow diagram of a
method of making wing panels for an aircraft.
Figure 63 is an illustration of a flow diagram of an-
other method of making wing panels for an aircraft.
Figure 64 is an illustration of a flow diagram of a
method of making wing panels for an aircraft.
Figure 65 is an illustration of a flow diagram of a
method of making differently configured wing panels.
Figure 66 is an illustration of a flow diagram of aircraft
production and service methodology.
Figure 67 is an illustration of a block diagram of an
aircraft.

DETAILED DESCRIPTION

[0024] The figures and the following description pro-
vide specific illustrative examples of the disclosure. It will
thus be appreciated that those skilled in the art will be
able to devise various arrangements that, although not
explicitly described or shown herein, embody the princi-
ples of the disclosure and are included within the scope
of the disclosure. Furthermore, any examples described
herein are intended to aid in understanding the principles
of the disclosure, and are to be construed as being with-
out limitation to such specifically recited examples and
conditions. As a result, the disclosure is not limited to the
specific example or examples described below, but by
the claims.
[0025] The wing panels described herein comprise one
or more composite parts. Composite parts, such as Car-
bon Fiber Reinforced Polymer (CFRP) parts, are initially
laid-up in multiple layers that together are referred to as
a preform. Individual fibers within each layer of the pre-
form are aligned parallel with each other, but different
layers exhibit different fiber orientations in order to in-
crease the strength of the resulting composite part along
different dimensions. The parts are produced from ther-
moset resins, or thermoplastic resins or a combination
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of thermoset and thermoplastic resins, sometimes re-
ferred to as hybrid material systems. In the case of parts
made from a thermoset, the preform includes a viscous
thermosetting resin that solidifies in order to irreversibly
harden the preform into a composite part (e.g., for use
in an aircraft wing). Carbon fiber that has been impreg-
nated with an uncured thermoset resin or a thermoplastic
resin is referred to as "prepreg." Other types of carbon
fiber include "dry fiber" which has not been impregnated
with thermoset resin but may include a tackifier or binder.
Dry fiber is infused with resin prior to hardening. For ther-
moset resins, the hardening is a one-way process re-
ferred to as curing, while for thermoplastic resins, the
resin reaches a viscous form if it is re-heated, after which
it can be consolidated to a desired shape and solidified.
As used herein, the umbrella term for the process of tran-
sitioning a preform to a final hardened shape (i.e., tran-
sitioning a preform into a composite part) is referred to
as "hardening," and this term encompasses both the cur-
ing of thermoset preforms and the forming/solidifying of
thermoplastic preforms into a final desired shape. Refer-
ring first to Figure 1, an aircraft 50 comprises a fuselage
52, a pair of wings 54 and an empennage 55. The em-
pennage 55 includes a pair of horizontal stabilizers 56,
and a vertical stabilizer 58. Jet or other types of engines
60 are mounted on the wings 54. Referring now also to
Figure 2 and 3, each of the wings 54 comprises a forward
spar 78 and a rear spar 80 that extend from an inboard
end 62 to an outboard end 64 of the wing 54. The spars
78, 80 are connected together by ribs 82 that extend in
a chord-wise direction 66 and are spaced apart from each
other in a span-wise direction 67. The spars 78, 80 and
ribs 82 are sandwiched between and attached to top and
bottom wing panels 75 that form the outer surfaces of
the wing 54.
[0026] Each of the wing panels 75 comprises upper
and lower wing panels 84, 85 respectively, which are
attached to the spars 78, 80 and to the ribs 82. Each of
the upper and lower wing panels 84, 85 comprises a wing
skin 86 attached to a series of composite stringers 72.
For convenience of description, each of the upper and
lower wing panels 84, 85 (both port and starboard sides)
may sometimes hereinafter be referred to as a wing panel
75. A series of bays 83 are formed by the space bounded
by the ribs 82 on the sides, spars 78, 80 lengthwise, and
the wing panels 75. The composite stringers 72 are
spaced apart in the chord-wise direction 66 from the lead-
ing edge 68 of the wing 54 to the trailing edge 70, and
function to transfer loads on the wing skins 86 to the
structure formed by the spars 78, 80 and ribs 82.
[0027] As will be discussed below, the wing skins 86
are formed of a composite material, such as CFRP laid
up in bandwidths of strips having various fiber orienta-
tions to provide the desired strength and flexibility. The
composite stringers 72 are attached to the wing skins 86
typically by co-curing. As best seen in Figure 3, each of
the composite stringers 72 may comprise a series of
stringer sections 73 extending in the span-wise direction

67 that are connected together by splices 76. Although
only 3 splices 76 are shown in Figure 3, less than three
or more than 3 splices 76 may be necessary or desirable,
depending on the number of stringer sections 73 and/or
length L of the wing 54 or other factors.
[0028] Attention is now directed to Figure 4 which
broadly illustrates an automated, moving production line
88 for producing wing panels 75 of the type described
above, as well as other types of airfoils such as horizontal
and vertical stabilizers 56, 58 comprising stiffener rein-
forced composite wing skins. The wing panels 75 are
respectively laid up and assembled on a plurality of man-
drels 90 (Figure 5) which move in a process direction P
along a predetermined path 91 through a series of work-
stations 92-114 where value added production work is
performed. Any number of the mandrels 90 may be used,
depending upon the desired wing panel production rate.
The mandrels 90 may be supplied from a mandrel storage
location 118 or may be returned 120 and recycled after
the wing panel 75 is demolded 140 at workstation 106.
In either case, the mandrels 90 are cleaned and prepared
at 122 before being placed on the production line 88.
[0029] Any of various techniques may be used to move
the mandrels 90 in the process direction P along the pre-
determined path 91 through the workstations body
92-114. For example, referring to Figures 5 and 6, the
mandrels 90 may be placed on a moving track 89 that
moves along the predetermined path 91 at a rate deter-
mined by a later discussed controller 162 (Figure 17). As
used herein, the terms "move" and "moving" the man-
drels 90 mean moving the mandrels 90 along the pro-
duction line 88 either continuously, or incrementally in
pulses, or in micro-pulses, or in any combination thereof.
As will be discussed below in more detail, a "pulse" rep-
resents the incremental or pulsed movement of a part
such as the wing panel 75 a distance substantially equal
to its length. A micro-pulse may be a rib pitch-distance
between ribs or a multiple or fraction thereof. Work can
be completed during a pause during a pulse and/or micro-
pulses and/or during the pulse/micro-pulses, or in any
combination thereof. In some examples, the mandrels
90 move only forwardly 93 along the production line 88,
however in other examples the mandrels 90 may pause
and move rearwardly 95 for a period of time before re-
suming their forward movement in order to allow certain
types of work to be performed at the workstation. In the
preceding example, work such as lamination is per-
formed as the mandrels 90 are moving while the lamina-
tors 124a-124d remain stationary. However, in other ex-
amples, the laminators 124a-124d may be moving along
with the mandrels 90. It may be also possible to manually
move the mandrels 90 incrementally by a pulse or by
micro-pulses through any of the workstations 96-114.
[0030] The mandrels 90 are indexed to the separate
lamination workstations 92-94 in order to inform the work-
station 96-114 of the loft of the mandrel 90 within the
purview of the lamination workstation 92-94 and the type
of lamination (ply orientation) needed at the particular
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lamination workstation 92-94. This information is con-
veyed by at least one indexing feature such as a slot,
hole, pin or some other device such as an RFID tag added
to the mandrel 90. In one example, the mandrels 90 may
be removably mounted at predetermined locations on
the moving track 89 by indexing pins 152. In other exam-
ples, the moving track 89 may comprise a conveyor belt
(not shown), a self-propelled AGV (automated guided
vehicle) or a similar conveyance. In some examples, the
mandrel 90 is indexed to the workstation 96-114 and
moved in pulses, micro-pulses or continuously. In other
examples, multiple workstations 96-114 are indexed to
the mandrel 90 at the same time, and work is performed
on the mandrel 90 at the same time.
[0031] Referring to Figure 7, in some examples, it may
be possible to avoid the need for physical indexing of the
mandrels 90 by using at least one position sensor 160
along the moving track 89 which continuously monitor
the locations of the mandrels 90. The sensor 160, which
may be of the noncontact type, sends signals to the con-
troller 162 representing the identity and location of the
mandrels 90. Referring to Figure 8, in still other examples,
in lieu of a moving track 89, the mandrels 90 may be
conveyed along the predetermined path 91 by AGVs (au-
tomated guided vehicles) 154 that are operated by the
controller 162 via radio frequency communication 156.
[0032] In one example, the mandrels 90 are moved
continuously in the process direction P, while in other
examples, the mandrels 90 are pulsed or moved in micro-
pulses in the process direction P. Referring to Figure 9,
incremental movement of the mandrels 90 by less than
their length is referred to as a "micro-pulse" 204, while
movement of the mandrels 90 by equal to or greater than
their length is referred to as a "full pulse" 202. In pulsed
examples (Figure 3), the workstations 92-114 are capa-
ble of performing work on the mandrels 90 during pauses
between micro-pulses 204, and multiple workstations
92-114 may perform work on the same mandrel 90 during
the same pause between micro-pulses 202. It is also pos-
sible to perform work on a mandrel 90 during pulses or
micro-pulses as well as while pausing between pulse/mi-
cro pulses, or during pauses between pulse/micro pulses
and during pulse/micro pulses. In examples where the
mandrels 90 move continuously, the workstations 92-114
can perform operations as the mandrels 90 are moving.
In still other examples, the mandrels 90 may move
through some of the workstations 92-114 in pulses, but
may move through other of the workstations 92-114 con-
tinuously.
[0033] In further examples, two separate versions can
be implemented. A first version is a "drive by" version
wherein where the machines or apparatus performing
the work is fixed at the workstation 92-114 and performs
work on a mandrel 90 while the mandrel 90 moves
through or past the workstation 92-114. Referring to Fig-
ure 10, in a second "hitch hiker" version, the apparatus
210 performing the work is physically coupled 206 with
the mandrel 90 and performs the work while both the

apparatus 210 and the mandrel 90 are moving together,
until a point is reached where the apparatus 210 is un-
coupled 208 from the mandrel 90 returns 212 to the be-
ginning of the workstation 92-114. As shown in Figure
11, in some examples, the apparatus 210 may travel
along with the mandrel 90 as the mandrel 90 moves
through multiple workstations 92-100 before uncoupling
from the mandrel 90 at a downstream workstation 100
and returning to an earlier workstation 92. Both versions
referred to above can be implemented to perform work
on the same mandrel at the same time, depending on
the type of production process and work being per-
formed. Multiple ones of the workstations 92-114 oper-
ating in either the "drive by" or "hitch hiker" modes are
capable of performing work on the mandrel 90 at the
same time. Typically, this work would be carried out on
different portions of the mandrel 90 at the same time.
[0034] Referring again to Figure 4, the wing skins 86,
also sometimes referred to below before hardening as a
wing skin preform 86, are laid up on the mandrels 90 at
one or more lamination workstations 92, 94, sometimes
hereinafter referred to as lamination workstations. One
or more laminators 124a-124d at each of the separate
lamination workstations 92, 94 lay down composite ma-
terial on the mandrels 90 according to a ply schedule
defining the number and fiber orientations of the plies.
Each of the laminators 124a-124d may a comprise, for
example, an AFP (automatic fiber placement) machine
that lays down parallel bandwidths of fiber reinforced
plastic in the form of tape or slit tape referred to as "tows".
The laminators 124a-124d at each of the lamination
workstations 92, 94 are supplied with composite material
by composite material supply feeds 130a-130b respec-
tively located at the lamination workstations 92, 94. Com-
posite material is supplied to the laminators 124a-124d
and composite material is laid down on the mandrels 90
at rates that achieve desired takt times at each of the
lamination workstations 92, 94. Indexing features men-
tioned above may be placed on or formed into the lami-
nate before it is cured.
[0035] As previously indicated, in some examples, a
wing skin preform 86 may be entirely laid up at a single
lamination workstation 92, 94 using one or more lamina-
tors 124a-124d, while in other examples the wing skin
preform 86 may be laid up using the laminators 124a-
124d at multiple lamination workstations 92, 94, each of
which lays up a section 213, 214, 216 (Figure 21) of the
wing skin preform 86. In still other examples, one or more
laminators 124a-124b at one lamination workstation 92
may lay up a ply of the wing skin preform 86 having one
fiber orientation, while one or more laminators 124c-124d
at the next-in-line lamination workstation 94 lays up a ply
of the wing skin preform 86 having a different fiber ori-
entation. In those examples where sections 213, 214,
216 of a wing skin preform 86 are laid up, the sections
are spliced together with a lap, scarf or other type of splice
formed during the material layup. Each section 213, 214,
216 of the wing skin perform 86 that is laid up at a lami-
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nation workstation 92, 94 is indexed to that workstation
The laminators 124a-124d lay down composite material
on the mandrels 90 as the mandrels 90 move through
the corresponding lamination workstation 92, 94. In some
examples, as will be discussed below in more detail, the
mandrels 90 may move through the lamination worksta-
tions 92, 94 incrementally in micro-pulses 204 (Figure
9), and material lay down on the mandrels 90s is per-
formed between the micro-pulses while the mandrel 90
is briefly stationary. In other examples, however, where
the mandrels 90 are moving continuously through the
lamination workstations 92, 94, the continuous move-
ment of the mandrels 90 is synchronized with the move-
ment of the laminators 124a-124d, allowing the lamina-
tors 124a-124d to lay down material continuously without
interruption as the mandrels 90 are moving.
[0036] After a wing skin preform 86 has been laid up
by the laminators 124a-124d at lamination workstations
92, 94, the mandrels 90 move through one or more work-
stations 96, 98, where composite stringer preforms 72
are placed on the wing skin preforms 86. Workstations
96, 98 may sometimes hereinafter be referred to stringer
placement workstations. Figure 12 illustrates one of the
stringer preforms 74 having been placed on a wing skin
preform laid up on a mandrel 90. Any number of the string-
er preforms 74 may be placed either together or sequen-
tially in any order on the wing skins preforms 86, as will
be discussed below in more detail. Each of the two sep-
arate stringer placement workstations 96, 98 includes
one or more robotically operated pick-and-place ma-
chines (PNP) 132a-132d, which place composite string-
ers 72, or sections thereof at predetermined locations on
the wing skin preform 86 as the mandrels 90 move
through the workstations 96, 98. In some examples, one
or more of the stringer preforms 72 may also be manually
placed.
[0037] As previously indicated, the mandrels 90 may
move through the workstations 96, 98 either in micro-
pulses or continuously where operation and movement
of the PNPs 132a-132d is coordinated with the move-
ment or pauses in movement (between micro-pulses) of
the mandrels 90 along the production line 88. Composite
stringers 74 or sections 73 thereof are delivered to each
of the workstations 96, 98 by respectively associated
stringer feeder lines 134a, 134b, the details of which will
be discussed below. In some examples, it is possible to
place sections 73 of composite stringers 72 4 foot or long-
er, with additional sections 73 spliced on, as may be re-
quired. It is also possible to place multiple sections 73 of
the composite stringer 72 in one batch. In some exam-
ples, all of the sections in the chord-wise direction 66
may be placed at the same time, following which a next
batch of sections 73 in the spanwise direction 67 is placed
and then spliced with those that have been previously
placed. In still other examples, all of the composite string-
ers 72 along the full length of a wing 54 can be placed
at a workstation 96, 98 or can be placed at the same
workstation 96, 98 in batches. Batches of the composite

stringers 72 can be placed at each of the workstations
96, 98 in order to achieve a desired takt per workstation.
[0038] After the composite stringers 74, which are un-
cured at this point, have been placed on the wing skin
preforms 86, the mandrels 90 pass through a workstation
100 where vacuum bagging operations and a vacuum
bag check are performed. The bagging operations in-
clude applying peel plies, bleeders, breathers, and cauls
as well as sealing a vacuum bag on a mandrel body cov-
ering the green wing panel 75. In some examples, the
vacuum bagging operations described above may be
carried out in more than one workstation 100 in order to
achieve a desired takt per workstation. In one example,
the vacuum bagging operation employs a combined
caul/vacuum bag that is reusable and travels along with
the mandrel 90 through an autoclave 145 to a demold
workstation 140 where it is removed and cycled back to
workstation 100 after being cleaned/reconditioned. Next,
the mandrels 90 pass through a right-sized autoclave
145 at a workstation 102 where the wing panel 75 is hard-
ened. Then, the hardened wing panel 75 moves out of
the clean room 116 to a workstation 104 where it is de-
bagged. Referring to Figures 13-15, after being de-
bagged, a flash edge 135 (Figure 13) of the manufactur-
ing excess 137 on the wing panel 75 is trimmed away,
leaving a remaining manufacturing excess 139 (Figure
14). One or more indexing features 141 and/or work in-
structions 143 (Figure 15) can be added to this remaining
manufacturing excess 139 while the wing panel 75 is on
the mandrel 90. The indexing features 141 allow the man-
drels 90 to be recognized and located within each of the
workstations. The work instructions 143 inform the work-
stations what work is to be performed on the mandrel 90.
Adding the indexing features 141 prior to demolding al-
lows using the precision of the mandrel to locate the wing
panel 75 in downstream workstations 106-114.
[0039] The indexing features 141 and/or work instruc-
tions 143 can also be added in the remaining manufac-
turing excess 139 after demolding during a later manu-
facturing process. The indexing features 141 may be in
the form of a hole, slot, pin, RFID, or other feature. The
indexing feature 141 may also be in the form of access
ports (not shown) in the wing panel 75 to assist in inform-
ing particular ones of the downstream workstations
106-114as to the identity of the wing panel 75 (model
number, upper or lower wing panel, left or right wing),
and the particular work that needs to be performed on
the wing panel 75 at that workstation. The work instruc-
tions 143 may be printed indicia, barcodes, RFIDs or in
other forms. The indexing features 141 may be detected
at any of the workstations either visually or using auto-
matic detection equipment (not shown).
[0040] After being debagged, the wing panel 75 moves
through workstation 106 where it is demolded 140 (re-
moved from the mandrel 90) and may be placed on a
portable holding fixture (not shown), allowing it to be
transported to a workstation 108 where the wing panel
75 is washed 142. The wing panel 75 is washed in order

13 14 



EP 4 000 844 B1

9

5

10

15

20

25

30

35

40

45

50

55

to remove dust/debris resulting from trimming/drilling and
other fabrication work. Next, the wing panel 75 is non-
destructively inspected (NDI) at work station 110, follow-
ing which it moves through a workstation 111 where any
inconsistencies or out of tolerances are corrected before
fabrication work begins. Following inspection and re-
work, the wing panel 75 is transported to a workstation
112 where it is trimmed, fastener holes are drilled and
other features may be added, such as indexing features
41.
[0041] Trimming the wing panel 75 while it is on the
mandrel 90 allows using the precision of the mandrel 90
to locate the trimmers/cutters (not shown) used to add
indexing features 141 to the wing panel 75. The final trim
edge 147 (Figures 14, 15) of the wing panel 75 is estab-
lished after there is no longer a need to use the indexing
features 141 as a means of identifying the particular wing
panels 75 to each of the workstations104-114. The man-
drel 90 can have cuts (not shown) in the surface thereof
that are filled with a potting compound to form potted
areas (not shown) in the mandrel 90. These potted areas
allow overshoot of cutters/mills/drills used to cut/trim
and/or add the indexing features, thereby preventing
damage to the mandrel 90 and/or the cutters/mills/drills.
The mandrel 90 is demolded from the wing panel 75 after
trimming and the addition of the part indexing features
141. As previously discussed, following the demolding
process, the mandrel 90 is cleaned/washed at 122 and
the potting compound is restored, following which the
mandrel 90 is returned 120 to the clean room 116 where
it is reused. The finished wing panel 75 may then be
transported to a workstation 114, where it is painted and
cured 148 for a desired cure period. At this point, the
wing panel 75 is ready to be assembled at workstation
150 with other components of the wings 54.
[0042] The workstations 92-114 are each designed to
perform their work within a specific period of time. For
example, the amounts of work assigned to the worksta-
tions 92-114 may be tailored so that each of the work-
stations 92-114 can perform its work during a uniform
pause (e.g., a pause shared by/synchronized across mul-
tiple workstations 92-114 at the production line 88) be-
tween pulses 202 and/or micro-pulses 204 (Figure 9) of
a wing skin preform 86 or stringer preform 74. In one
example, an integer number of the pauses which are
equal, and performed synchronously across wing skin
preforms 86 or stringer preforms 74 is equal to a hard-
ening time for the preform. In further examples, pauses
are synchronized for workstations 92-114 working on the
same components, but are not shared across different
types of components. In some examples, the larger paus-
es are integer multiples of the smaller pauses. In still
further examples, some portions of the production line
88 are continuously operated, while others are pulsed.
The workstations 92-114 share common takt times. In
order to achieve a common takt time, a greater or fewer
number of workstations 92-114 may be employed.
[0043] All of the operations discussed above are per-

formed in conformance with takt times for the stringer
preforms 74 and the wing skin preforms 86. Enforcing
takt times across multiple workstations 92-114 enables
operations between the workstations 92-114 to be coor-
dinated and synchronized according to a common sched-
ule. In one example, each of the workstations 92-114
performs an amount of work based on the time span of
an autoclave heating cycle where the autoclave heating
cycle is the process that requires the longest time span
to complete compared to the processes carried out the
other workstations 92-100, 104-114. In other words, the
autoclave heating cycle is the process along the produc-
tion line 88 that limits the production rate because it takes
the longest time span to complete. In the event that a
takt time for a particular workstation 92-114 is determined
to be too great to satisfy a desired part production rate,
then additional workstations can be added such that the
sum of the takt times of the added workstations is equal
to or slightly less than the aurtoclave heating cycle time.
[0044] Autoclave processing can be performed in tan-
dem or at multiples of two. For example, multiples of two
or more wing panels 75 can be processed at the same
time. Thus, in one example the amount of time spent by
a wing skin preform 86 or a stringer preform 74 during a
pause at each workstation 92-114 is equal to the expect-
ed hardening time for the preforms 74, 86 at the autoclave
145 (or is equal to a period of time that the hardening
time is evenly divisible by). As explained previously, the
processing time, which is the sum of the takts plus puls-
es/micro pulses pre-autoclave is approximately equal the
autoclave processing time. This enables various compo-
nents to be moved synchronously, either continuously or
in a pulsed fashion, across a number of workstations
92-114 in lock step with hardening processes performed
at the autoclave 145. Subdividing the fabrication of struc-
tures into fabrication of parts or sub-structures for
processing and assembly allows for implementation of
parallel processing and assembly of the parts or sub-
structures, increasing overall throughput and fabrication
speed for of larger structures. The parts/sub-structures
are "bits" that can be processed in parallel with other
"bits" and delivered downstream Just-In-Time (JIT) to se-
rial workstations for integration with other "bits" into a
larger structure such as a wing panel 75. either post or
pre-cure.
[0045] In still further examples, parts or sub-structures
such as stringer preforms 74 that are utilized as inputs
to the workstations 92-114 of production line 88 are de-
livered in pulsed movement and in a JIT manner by feeder
lines 134 that supply the parts or sub-structures directly
to the workstations 92-114. Pulsed movement of com-
ponents JIT to the workstations 92-114 reduces the
amount of space needed at the factory for storage, as
well as the amount of space needed for lanes that trans-
port materials from storage to the workstations 92-114.
Providing components JIT also allow the feeder lines 134
to have efficient takt times for JIT delivery to the down-
stream workstation 92-114. The pulsed movement of
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feeder lines 134 may or may not have the same takt time
per workstation 92-114 as the workstation 92-114 being
fed. In some examples, the parts or sub-structures pro-
vided by a single line (e.g., stringer preforms) vary slightly
from each other, and the specific type of part or sub-
structure needed at a point in time is provided in a JIT
manner.
[0046] Figure 16 graphically illustrates how the proc-
esses for fabricating wings 54 may be synchronized in a
production line 88 according to takt times for the various
assembly processes, subassembly lines and feeder lines
for JIT delivery. As indicated previously, a takt time re-
flects the rate of production needed to match a desired
level of demand. Takt times may be calculated for all of
the processes and tasks required to fabricate wing panels
75 on the production line 88. Using the takt system, com-
ponents and sub-assemblies of the wings 54 move along
the production line 88 as efficiently as possible, and the
work that is performed in making and assembling them
is substantially all value-added work. The throughput of
the production line 88 helps establish the per workstation
92-114 takt time for the production line 88 necessary to
meet a desired rate of production. Moreover, the use of
a takt time system facilitates identification of bottlenecks
and non-value added work so that these inefficiencies
may be reduced or eliminated through appropriate mod-
ification of production processes and/or equipment.
[0047] Referring now to both Figure 4 and 16, Figure
16 illustrates the process flow along the production line
88 in which one or more of the workstations 92-114 act
as a feeder line to feed parts to downstream lines com-
prising one or more of the workstations 92-114. For ex-
ample, a wing assembly line 159 shown as workstation
150 in Figure 4 is supplied with parts by upstream feeder
lines comprising a wing panel assembly line 166, a rib
feeder line 180, and a spar feeder line 186 each having
respective takt times selected to deliver ribs 82, wing
panels 75, and spars 78, 80 to the wing assembly line
159 JIT. Similarly, the wing panel assembly line 166 is
fed composite wing skin preforms 86 by a wing skin pre-
form line 164 comprising upstream lamination worksta-
tions 92, 94 that layup the wing skin preforms 86. The
wing panel assembly line 166 is also fed composite
stringer preforms 74 in a preselected order by a stringer
preform line 174 comprising upstream workstations 96,
98. Layup material feeder lines 170, 172 respectively
feed composite material to the wing skin preform line 164
and stringer preform line 174. As previously discussed,
the wing skin preform line 164 and stringer preform line
174 supply wing panel assembly line 168 with wing skin
preforms 86 and stringer preforms 74 according takt
times that permit the wing panel assembly line 166 to
supply wing panels JIT to the wing assembly line 159.
[0048] The rib feeder line 180 is supplied with rib layups
JIT by a rib layup and forming line 178 which receives
material JIT by a layup material feeder line 176. In some
examples, the ribs 82 that are supplied by the rib feeder
line 180 may be fabricated out of aluminum or other met-

al, and the material supplied by material feeder line 176
is aluminum or another metal, rather than composite ma-
terial. Similarly, layup material feeder line 182 supplies
material to spar layup and forming line 184 according to
takt times that allow the spar feeder line 186 to supply
spars 78, 80 to the wing assembly line 159. Other parts
or subassemblies may be supplied JIT to the wing as-
sembly line 159. For example, miscellaneous material
may be fed at 188, fasteners are fed at 190 and sealants
are fed at 192. Further, access covers may be fed by a
feeder line 196. Trimming operations may be performed
which result in trim off being removed at 194. The wing
54 having been fully assembled at the wing assembly
line 159, the wing 54 is delivered during a full pulse at
198 for joining with a fuselage 52.
[0049] The processes performed at the work stations
along any of the feeder lines discussed above may be
carried out while the part is moved along the feeder line
in pulses, micro-pulses or continuously. Each feeder line
may have a common takt that may or may not be equal
to the line that it is feeding. The throughput of the assem-
bly line and feeder lines help establish the per workstation
takt time for the assembly line and feeder lines that are
needed to meet the desired throughput. The takt time for
the feeder line workstations are designed to accommo-
date JIT delivery at a desired throughput at the worksta-
tion at the end of him the feeder line.
[0050] Each of the feeder line workstations as well as
the assembly line feeder lines has at least two inputs and
one output. For example, the mandrel 90 along with wing
skin preform layup 86, as well as composite material 126
from the composite material feeder 130b are input to
workstation 94, and the resultant laminate on the mandrel
90 is output from the lamination workstation 92. Typically,
the main input and output are in line with the workstation,
and the feeder output arriving into that workstation is re-
ceived from a third direction. This latter mentioned ar-
rangement applies to workstations in the main production
line 88 as well as workstations in the feeder lines 130,
134. The inputs to the workstations could be arranged
on two or more sides of the workstation. Attention is now
directed to Figure 17 which broadly illustrates the com-
ponents of a control system 200 for controlling and op-
erating various components of the production line 88 prior
to hardening of the wing panels 75. Specifically, the con-
trol system 200 is configured to control pulsed movement
of the mandrels 90 along the production line 88, and
pulsed feed of parts from the feeder lines to the worksta-
tions. The previously discussed controller 162 controls
and coordinates the operation of components of the pro-
duction line 88 and has responsibility for synchronizing
work according to takt times that are calculated to max-
imize efficiency and produce completed wing panels at
a desired production rate. The controller 162 synchroniz-
es the operation of fabrication equipment and processes
according to takt times for the various processes, sub-
assembly lines and feeder lines for JIT delivery to up-
stream workstations 92-114 to upstream assembly lines.
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[0051] As indicated previously, the selected takt times
result in a production rate that matches a desired level
of demand output. Takt times may be calculated by the
controller 162 for all of the processes and tasks required
to fabricate wing panels 75 on the production line 88.
Using the micro-pulsed, pulsed or continuous moving line
takt system, components and assemblies of the wing
panels 75 move along the production line 88 under con-
trol of the controller 162 as efficiently as possible and the
work that is performed is substantially all value-added
work. The throughput of the assembly line and feeder
lines help establish the per workstation takt time for the
assembly line and feeder lines necessary to meet the
production rate. The controller 162 controls the produc-
tion line drive 205 which drives the moving track 89, and
thus the mandrels 90 or other platforms on which the
parts or subcomponents are assembled, either continu-
ously, in micro-pulses or in full pulses. The controller 162
also controls the operation of the AGVs 154, the use of
which is optional. In some examples, the mandrels 90
may be moved along various sections of the production
line 88 by a combination of AGVs 154 and production
line drives 205 such as conveyors, powered rollers and/or
chain/belt drives (not shown). In other examples, the
mandrels 90 may be moved along the production line 88
only by AGVs 154, or only by the production line drives
205, or some combination thereof. The controller 162
comprises one or more programmed computers and/or
processors and associated memory and programmed in-
structions (all not shown).
[0052] Other components of the production line 88
forming part of the workstations 22-114, such as the auto-
clave 145 and a vacuum control/vacuum check 203 are
also controlled by the controller 162. Although the PNPs
132a, 132b as well as the laminators 124a, 124b may
have local controls, their operation is synchronized
and/or controlled by the controller 162. Similar66ly, the
operation of components of the stringer feeder lines
134a, 134b, as well as the composite material feeders
130a, 130b is also be controlled and synchronized by the
controller 162.
[0053] Figure 18 illustrates details of a lamination work-
station 97 similar to workstations 92, 94 shown in Figure
4, wherein separate laminators layup different sections
of a wing skin preform 86. For example, multiple lamina-
tors 124a, 124b, 124c at the lamination workstation 97
can lay down composite material 126 on different sec-
tions 213, 214, 216 of a wing skin preform 86. Each of
the laminators 124a, 124b, 124c receives composite ma-
terial 12, which may be in the form of a composite tape
or tows. The laminators 124a, 124b, 124c are respec-
tively assigned sections 213, 214, 216 of a ply 215 within
which they lay down strips 221 of the composite material.
In some examples, the laminators 124a, 124b, 124c may
be substantially of the same type, while in other examples
they may be of different types having differing capabili-
ties. For example, one or more of the laminators
124-124c may have only 3 degrees of freedom of move-

ment, while others may have 6 degrees of freedom of
movement. Thus, specialized laminators 124a-124c may
be employed to layup particular sections 213, 214, 216
at a lamination workstation 97, while less costly, standard
laminators 124a-124c may be employed to layup other
of the sections 213, 214, 216 of the ply 215. In some
examples, as shown in Figure 20, side-by-side strips 221
of adjoining sections 214, 216 form a joint 223, which
may be a butt joint or a lap joint. In other examples, as
shown in Figure 19, any one of the strips 221 that is laid
down by different laminators 124a, 124b, 124c may be
spliced together 225 by a butt joint, an overlapping joint
or a scarf joint.
[0054] The splices 225 in different plies of the laminate
are offset from each other so that they are not aligned
with each other through the thickness of the laminate.
The laminators 124a, 124b, 124c may lay down compos-
ite material 126 on the sections 213, 214, 216 in any
order. In some examples, two or more of the laminators
124a, 124b, 124c may lay down composite material 126
on the same section 213, 214, 216 before returning to
apply composite material 126 to the section 213, 214,
216 to which it is assigned. Although the laminators 124a,
124b, 124c are positioned on one side of the mandrel 90
in Figure 15, they may be positioned at any location
around the mandrel 90.
[0055] Attention is now directed to Figure 21, which
illustrates an alternate method of laying up the wing skin
preforms 86. In the previously discussed example shown
in Figures 4 and 18, the laminators 124 at each of the
lamination work stations 94, 96 may layup at an entire
wing skin preform 86. However, in the example shown
in Figure 21, one or more laminators 124a-124c located
at different workstations 92a-92c may layup different sec-
tions 213, 214, 216 of a particular wing skin preforms 86.
Further, multiple laminators 124b, 124d at a workstation
92b may layup different portions 218, 220 of a section
214 of a wing skin preform 86 that is laid up at that work-
station. Thus, it may be seen that different laminators
layup different portions of a section of a wing skin. Re-
ferring now to Figure 22, in some examples, laminators
124a, 124b, 124c located in different workstations 92a,
92b, 92c may apply composite material on a wing skins
preform 86 at the same time in order to increase lamina-
tion efficiency. For example, as shown in Figure 22, a
wing skins preform 86a transitions from workstation 92a
to workstation 92b. Laminator 124b at workstation 92b
begins laying down composite material on a leading edge
section 217b while simultaneously, laminator 124a at
workstation 92a is laying down composite material on a
trailing edge section 217a of wing skin preform 86a. In
this example, laminator 124b has finished laying up a full
ply 215a on wing skin preform 86b, and rather than sitting
idle, begins laying up composite material on wing skin
preform 86a as it enters workstation 92b. Similarly, wing
skin preform 86b can be seen transitioning from work-
station 92b to workstation 92c. In this example, a full ply
215a has been laid up on wing skin preform 86b before
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it begins entering workstation 92c. Rather than waiting
until wing skin preform 86b has fully entered the work-
station 92c, laminator 124c workstation 92c begins laying
up the next ply 215b as the leading edge of the wing skin
preform 86b begins entering the workstation 92c. Thus,
it is possible for workstations 92b and 92c to work on the
same wing skin preform 86b at the same time. It is also
possible for workstations 92a, 92b, and 92c to work on
the same wing skin preform 86b at the same time, de-
pending on the width of the workstations 92a, 92b and
92c and the distances between them.
[0056] A number of geometric arrangements of the
workstations 92 are possible in order to better utilize fac-
tory floor space and/or the tailor production line 88 to best
fit a particular factory layout. For example, the worksta-
tions 92 may be arranged along a U-shaped path 241 as
shown in Figure 23, or a zigzag path 243 shown in Figure
24, or an endless "race track" path 245 shown in Figure
25. The path arrangements shown in Figures 20-22 con-
centrate the workstations 92, thereby reducing floor re-
quirements compared to a more linear path arrangement.
Additional workstations 92 may be added as needed to
increase production capacity and/or work density. Alter-
natively, one or more of the workstations 92 may be de-
activated as needed, depending on the application. In
the example shown in Figure 23. The mandrels 90 move
in the directions of the arrows 255 from a loading zone
227 located at the beginning 231 of the production line
88, through any number of workstations 92 to an unload-
ing zone 229 located at the end 233 of the production
line 88. A mandrel 90 is loaded onto the track 89 within
loading zone 227, and may be removed from the track
89 in the unloading zone 229, following which it may be
reconditioned and recycled back to the loading zone 227.
In each of these production line layout examples, the
mandrels 90 are indexed to each workstation 92 prior to
laying up the wing skin preforms 86 on the mandrels 90.
[0057] Similarly, in the zigzag path 243 example shown
in Figure 24, the production line 88 likewise has a loading
zone 227 at the beginning 231 of the production line 88
where mandrels 90 are loaded, and an unloading zone
229 at the end 233 of the production line 88 where the
mandrel 90 are unloaded. In the endless path configura-
tion 245 shown in Figure 22, the loading zone 227 and
the unloading zone 229 may be located anywhere around
the production line 88, moreover, loading and unloading
of the mandrel 90 may be performed in the same work-
station 92. For example, when the mandrel 90 enters one
of the workstations 92, a mandrel 90 having a completed
wing skin preform 86 thereon may be removed from the
track 89, and another mandrel 90 may be loaded at 227
onto the track 89 in its place, in readiness for laminating
another wing skin preform 86.
[0058] In the example shown in Figure 25, the endless
path configuration 245 is rectangularly shaped, however
it may have any other regular or irregular shape, such as
an ellipse, depending upon the application. A number of
the workstations 92 in the example of Figure 25 may each

have two or more laminators 124 similar to the example
shown in Figure 18. The lamination operations at the dif-
ferent ones of the workstations 92 are coordinated such
that each of the workstations 92 lays up a ply of the wing
skin preform 86, and the splices in the plies are staggered
from each other throughout the laminate.
[0059] In one example, all of the workstations 92 in
Figure 25 contain one or more of the laminators 124 and
a wing skin preform 86 is fully laid up after a mandrel 90
moves completely around the endless path through work-
stations 92. In other examples, it may be necessary for
mandrel 90 to move through all workstations 92 multiple
times in order to fully complete a wing skin preform 86.
In still other examples, such as those shown in Figures
20 and 21, after a mandrel has moved through all of the
workstations 92, it may move backwardly through the
workstations 92 where additional plies are laminated in
order to fully complete the wing skin preform 86. In further
examples, it may be necessary for a mandrel 90 move
back-and-forth along the path of the production line mul-
tiple times in order to complete a wing skin preform 86.
Multiple mandrels 90 may move along the production line
88 at the same time carrying different types of wing skin
preforms 86, such as any of four possible versions of
wing skin preforms 86 comprising top and bottom wing
skin preforms 86 of the port and/or starboard wings 54.
Also, any of these four versions of the wing skin preforms
86 may be in any state of fabrication as they move along
the endless racetrack path.
[0060] In the race track path 245 configuration, the
mandrels 90 are placed on the production line 88 at a
loading zone 227 and cycle through the various ones of
the workstations 92 until they are removed at an unload-
ing zone 229. In other examples, the mandrels 90 may
be loaded and unloaded at a single zone; in other words,
a mandrel 90 is removed at a zone along the production
line 88 and is replaced by another mandrel 90 at the same
zone. Multiple mandrels 90 can move along the race track
path 245 at the same time. In addition, as will become
apparent below, it is possible for a mandrel 90 to move
through any of the workstations 92 fore-to-aft and move
aft-to-fore through another one of the workstations 92.
[0061] In each of the examples shown in Figures
23-25, the turns 239 are relative smooth rather than
sharp, consequently the orientation of the mandrels re-
mains aligned with their direction of travel (process di-
rection P) as they traverse the turns 239. However, in
some examples, a turn 239 may be relatively sharp such
as the 90 degree turn shown in Figure 26. In this event,
it is possible to pivot the mandrel 90 degrees at the turn
239. In the example shown in Figure 26, the mandrels
90 may be mounted on the track 89 for pivotal movement
247 about a pivot point 253. When a mandrel 90 moves
from left to right along a horizontal segment 257 of the
production line 88 and reaches a sharp turn 239, it is
pivoted 247 on the track 89 about pivot point 253, thereby
maintaining the alignment of the mandrel 90, and thus
the wing panel 86, with the process direction P. In those
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examples where an AGV 154 is used to move the man-
drels 90 along the production line 88, any necessary turns
239 or other reorientations of the mandrels 90 may be
accomplished through steering of the AGV 154.
[0062] In some applications, it may be necessary or
desirable to layout the production line 88 in a manner
that optimizes use of factory floor space and/or manpow-
er. Thus, referring to Figure 27, in another example, a
production line 88 comprises two production line seg-
ments 275a, 275b arranged side-by-side and generally
parallel to each other. The production line segments
275a, 275b may be spaced apart from each other a dis-
tance 279 that allows sharing of equipment and/or man-
power between the two segments 275a, 275b. Each of
the production line segments 275a, 275b may contain
any number of individual workstations 92 where work
such as wing skin lamination may be performed.
[0063] The mandrels 90 are placed on the production
line 88 at a loading station 227 and move along the upper
production line segment 275a from left to right. When a
mandrel 90 reaches the end of production line segment
275a, it is laterally shifted 269 (downwardly as viewed in
the figure) to production line segment 275b. The man-
drels 90 may be moved laterally 269 either manually or
using automated equipment (not shown), or a combina-
tion thereof. The mandrel 90 then moves 255 from right
to left on production line segment 275b until it reaches
an unloading zone 229 where it is unloaded, cleaned and
prepped as necessary, and then recycled 235 back to
the loading zone 227. In other examples, loading and
unloading of the mandrels 90 may be carried out at a
single (same) zone. In still other examples, the mandrel
90 then moves 255 along production line segment 275a,
and then production line segment 275b, multiple times
before exiting. The production line 88 shown in Figure
27 can be used to produce all of the wing panels 75 for
the wings of a particular model of an airplane, or for mul-
tiple models of the same or a different airplane. For ex-
ample, the upper and lower wing panels 84L-1 and 85L-
1, respectively of a left-wing, as well as the upper and
lower wing panels 84R-1 and 85R-1 of a right wing of an
airplane can be produced as set 271 on a group of the
mandrels 90. Similarly, the wing panels 84L-2, 85L-2,
84R-2, 85R-2 for the left and right wings 54 of a different
model of the airplane can be produced on a different
group of the mandrels 90 on the same production line 88.
[0064] Optionally, one or more off-line holding areas
285 may be provided anywhere along the production line
88, such as at the end of the production line segment
275a, where mandrels 90 may be off-loaded and tempo-
rarily held for any number of reasons, such as to make
repairs, establish a desired takt or perform inspections.
A mandrel storage 118 area may be located adjacent the
loading zone 227 to permit mandrels 90 to be stored until
needed on the production line 88. The production line
layout shown in Figure 27 is particularly efficient in utiliz-
ing factory floor space since the two production line seg-
ments 275a, 275b may be closely spaced next to each

other, if desired. Close spacing of the two production line
segments 275a, 275b also facilitates manpower sharing
between the two segments 275a, 275b. As mentioned
above, the production line layout shown in Figure 27 is
also well-suited to high volume production of wing panels
of different configurations and/or differing wing panels
for different models of aircraft.
[0065] Figure 28 illustrates a zigzag production line
configuration which incorporates the line shifting concept
shown in Figure 27 in order to avoid the need for nego-
tiating around turns of the production line 88 or rotating
the mandrels 90. In this example, production line 88 is
arranged in a series of adjacent line segments 275 that
are generally parallel to each other. Each line segment
275 may contain any number of the workstations 92. The
mandrels 90 move 255 from a mandrel loading zone 227
through all the line segments 275 to a mandrel unloading
zone 229 were they are transported and recycled 235
back to the loading zone 227. When a mandrel 90 reach-
es the end of the line segment 275, it is laterally shifted
269 to an adjacent line segment 275, where it moves 255
along the production line 88 until it reaches the end of
that line segment 275, whereupon it is again laterally
shifted 269 to the next adjacent line segment 275. Thus,
mandrels 90 move back and forth along the line segments
275 until the wing panels 75 are completed and removed
from the mandrels 90 at the unloading zone 229.
[0066] As mentioned above, it may be possible for the
movement of the production line 88 to be reversed, such
that the mandrels 90 move backwardly. For example,
once a wing skin preform 86 has been processed within
one or more of the workstations 92, the mandrels 90 may
move backwardly either for additional processing or for
return to the loading zone 227. It may be desirable to
move a mandrel 90 backward to a prior workstation 92
because the prior workstation 92 contains specialized
equipment and/or is otherwise better suited to perform a
particular lamination operation. The ability to locate the
loading and unloading zones 227, 229 at any point along
the production line 88 allows for greater processing flex-
ibility, and may increase work density while reducing floor
space requirements.
[0067] Figures 29 and 30 illustrate an example of the
stringer feeder lines 134a, 134b shown in Figures 4 and
41. In this example, stringer feeder lines 134a, 134b each
include lamination workstations 222, which lay and trim
flat charges 224 of fiber reinforced material (e.g., unhard-
ened CFRP). These flat charges 224 may additionally
receive Fluorinated Ethylene Propylene (e.g., FEP) lay-
ers, isolation plies (e.g., fiberglass plies that electrically
insulate carbon fiber from aluminum components), etc.
[0068] The flat charges 224 are shaped into stringer
preforms 74 by forming stations 228 onto mandrels 226.
After forming, the stringer preforms 74 are placed onto
trays 230 which proceed 261 along track 232 (e.g., a
powered conveyor or other component). The track 232
can be linear or can be arranged in a loop 265 layout
wherein one or more stringer preforms 74 enter the track
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232 and exit when layup and forming is complete (e.g.,
after layup continues during one or more traversals of
the loop 265 by a preform). Thus, the stringer preforms
74 are laid up and formed ply-by-ply according a prede-
fined ply schedule. Other layouts of the track 232 are
possible. In one example, multiple lamination worksta-
tions 222 are followed by multiple forming stations 228,
respectively aligned along the track 232.
[0069] Within the track 232, mandrels 226 can cycle
through the same lamination workstation 222 followed
by the same forming station 228 multiple times before
exiting the track 232. Depending on design, the trays 230
store either one or a set or group 272 of stringer preforms
74. The stringer preforms 74 may be fed in sets 272 to
the stringer placement workstations 96, 98 where they
are to be placed. However, it may be necessary or de-
sirable in some applications to feed the stringer preforms
individually in series or in subsets JIT. Automated stringer
placement machines, such as PNPs 132, pick up the
stringer preforms 74 from the trays 230 either individually,
or in sets or in subsets, and place them onto wing skin
preforms 86. As will be discussed below in further detail,
in one example, the PNP 132 pick and place a single
stringer preform 74 at a time, while in other examples,
the PNPs 132 each pick and place a batch or set 272 of
stringer preforms 74 onto a wing skin preform 86. In some
examples, placement of the stringer preforms 74 may be
performed manually, or manually with machine assist-
ance. The stringer feeder lines 134a, 134b are each con-
figured such that smaller structures or "bits" are proc-
essed in parallel and delivered JIT to the serially arranged
workstations discussed above for integration with other
"bits", if applicable, into the wing panel 75, either post or
precure.
[0070] Figure 31 illustrates one example of the lami-
nation workstation 222 shown in Figures 29 and 30. In
this example, the lamination workstation 222 includes
multiple heads 236 that each dispense tows of material
to form a multi-ply flat charge 224. The heads 236 are
mounted to a frame 238, and move along the frame 238
to desired locations for laying up material. The frame 238
provides structural strength to the lamination workstation
222 while also enabling movement of the heads 236. A
conveyor 240 moves flat charges 224 relative to the
heads 236 via a belt 242 (into a direction into and out of
the page), enabling each of the heads 236 to lay up the
flat charger 224, each of which comprises multiple layers
of fiber reinforced material at any desired combination of
fiber orientations (e.g., +/-45°, 0°, 90°).
[0071] Attention is now directed to Figure 32 which il-
lustrates one example of a stringer preform 74, some-
times referred to as an inverted-T blade stringer. The
stringer preform 74 comprises a blade 244 and a base
246 formed by two L-shaped members 248 joined togeth-
er and to a base cap 256. Each of the L-shaped members
248 includes a blade portion 250 and a flange portion
252. The blade portions 250 are joined together back-to-
back, and the flange portions 252 are joined to the base

cap 256. A noodle 260 is installed in a gap 258 between
the radiused edges of the L-shaped members 248 and
the base cap 256. The flange portions 252 are inclined
relative to the base portions 250 at angles which results
in the blade 244 being inclined at a desired angle relative
to the base 246. As will become apparent later in the
description, the angularity 254 of the blade 244 relative
to the base 246 facilitates placement of the stringer pre-
forms 74 on contoured surfaces, such as a contoured
278 wing skin preform 86, and may also increase stiffness
of the stringer preforms 74, depending upon the applica-
tion. More specifically, to facilitate stringer placement in
batches the angle 254 of the blades 244 is selected such
that blades 244 are approximately parallel to each other.
The parallel orientation of the blades allows them to be
picked up in batches or multiples and placed more easily
by a common device such as a PNP machine 132.
[0072] Figures 33-40 illustrate one example a method
of fabricating a stringer preform 74 at the forming stations
228 mentioned previously. In this example, the stringer
preform 74 is of the inverted T-type shown in Figure 27,
wherein the blade 244 is inclined relative to the base 246.
Beginning with Figure 33, mandrels 226a and 226b are
mounted on a tool base 262 at the forming station 228.
In Figure 34, a PNP machine (not shown) places one or
more flat charges 224 on each of the mandrels 226a,
226b. Next, as shown in Figure 35, the flat charges 224
are formed down onto the surfaces of the mandrels 226a,
226b. Referring to Figure 36, one or more additional flat
charges 224c, 224d are placed on the mandrels 226a,
226b, overlying the flat charges 224a, 224b that have
been previously formed. These additional flat charges
224c, 224d are likewise formed, resulting in the formation
of a first preform 264 and a second preform 266, which
form the L-shaped sections or members 248 of the string-
er preforms 74 (Figure 32).
[0073] Referring to Figure 37, the mandrels 226a, 226b
along with the first and second preforms 264, 266 are
turned 268 90° respectively in clockwise and counter-
clockwise directions. Next, as shown in Figure 38, the
mandrels 226a, 226b are drawn 273 together, thereby
forcing the blade portions 250 of the first and second
preforms 264, 266 into to face-to-face contact. Referring
to Figure 39, a noodle 260 is placed in the gap 258 be-
tween the two L-shaped sections or members 248a,
248b. Then, as shown in Figure 40, a base cap 256 is
placed on the flange portions 252, overlying the noodle
260, thereby completing fabrication of the stringer pre-
form 74. At this point, the mandrels 226a, 226b are moved
apart, allowing the stringer preformed 74 to be removed
from the forming station 228 and placed in a tray 230 on
one of the stringer feeder lines 134 (Figure 4, 29, 30).
Attention is now directed to Figure 41, which illustrate a
method of placing the sections 73 of a stringer preform
74 on a wing skin 86 at a single workstation 96 using
multiple placement machines to place the sections 73.
In this example, multiple PNPs 132a-132h are positioned
on opposite sides of the moving track 89 at the worksta-
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tion 96. The PNPs 132a-132h receive stringer sections
73 JIT from respectively associated stringer feeder lines
134a-134h. Each of the PNPs 132a-132h places one of
the stringer sections 73 such that an entire stringer pre-
form 74 extending over the entire length of the wing skin
86 is simultaneously placed, thereby increasing produc-
tion efficiency. Moreover, by using two sets of PNPs
132a, 132c, 132e, 132g, and 132b, 132d, 132f, 132h to
place the section 73 of the stringer perform 74, two full
length stringer preforms 74 can be placed on the wing
skin 86 at the same time or sequentially, thereby further
increasing production efficiency. Additional ones of the
stringer preforms 74 are placed on the wing skin 86 in
this manner, moving in the chord-wise direction 66 of the
wing skin 86 until all of the stringer preforms 74 have
been placed.
[0074] The placement location of the stringer sections
73 may be determined by the controller 162 (Figure 17)
which controls operation of the PNPs 132a-132h. The
location of the wing skin preforms 86 is indexed to the
mandrels 90, consequently the controller 162 "knows"
where to instruct the PNPs 132a-132h to place the string-
er sections 73 on the wing skin preforms 86. This "knowl-
edge" used by controller 162 consists of relative location
information that is achieved through indexing. The man-
drel 90 is indexed to the PNP workstation 96 and the
wing skin preform 86 is indexed to the mandrel 90, con-
sequently the controller 162 knows where the wing skin
preform 86 is in space at the PNP workstation 96, and
therefore knows where to place each stringer section 73
on the wing skin preform 86. In other words, the mandrels
90, the composite wing skin preforms 86 and the com-
posite stringer preforms 74 are indexed relative to each
other such that the composite wing skin preforms 86 are
laid up at indexed positions on the mandrels 90 and the
composite stringer preforms 74 are placed at indexed
positions on the composite wing skin preforms 86. As the
stringer sections 73 are placed, they are connected to-
gether by splices 76 suitable for the application, such as
by butt joints, lap joints or scarf joints, to name only a few.
[0075] Referring to Figure 42, sections 73 of the string-
er preforms 74 may be placed on the wing skin preform
86 successively in a chord-wise direction or order 66.
The sections 73 may be placed in this manner beginning
at any location along the span of the wing skin 86. For
example, sections 73 of the stringer preforms 74 can be
placed in the chord-wise direction 66 at the same time,
for example during a pause sat both the inboard end 62
and the outboard end 64 of the wing skin 86. Referring
to Figure 43 sections 73 of a stringer preform 74 may be
successively placed a span-wise order 67, following
which splices 76 may be added to connect the sections
73. In some examples, sections 73 of the stringer pre-
forms 74 may be placed in any predetermined order. For
example, some stringer sections 73 may be placed in a
span-wise order 67, while simultaneously, others are be-
ing placed in a chord-wise order 66. As in the example
shown on Figure 37, the stringer sections 73 are con-

nected together by splices 76 as they are placed.
[0076] Attention is now directed to Figure 44 which il-
lustrates another method of placing stringer preforms 74
on a wing skin preform 86. In this example, an entire set
or group or "batch" 272 of the stringer preforms 74 is
placed on the wing skin preform 86 in a single placement
operation. Each of the sets 272 of stringer preforms 74
may be comprise stringer sections 73 which are spliced
together after they are placed, or they may comprise full
length stringer preform 74 that span the entire length of
the wing 54. In some examples, all of the stringer pre-
forms 74 for a wing panel 75 may be placed on the wing
skin preform 86 as a single batch. The single batch may
include stringer sections 73 or may comprise full length
stringer preforms 74, or any combination of stringer sec-
tions 73 and stringer preforms 74.
[0077] Stringer preforms 74 are supplied by a stringer
feeder line 134 to a stringer staging 270 area where they
are held, for example, in a tray (not shown) in readiness
be picked up and placed. A PNP machine 132 at the
workstation 96 picks up all of the stringer preforms 74 in
the group 272 at the same time. The PNP machine 132
transfers 274 the group 272 of stringer preforms 74 to
the location of a mandrel 90 and places them on the wing
skin preform 86 as a group at locations on the wing skin
preform 86 determined by the controller 162 (Figure 17).
The positions of stringer preforms 74 relative to each
other may be prearranged for indexed placement while
at the stringer staging area 270 As will be discussed be-
low in more detail, the stringer preforms 74 have specially
configured physical features such as parallel stringer
blades 244 (Figure 32) that allow them to be picked up
at as batch, rather than requiring that they be picked up
individually.
[0078] Figure 45 shows a group 272 of the stringer
preforms 74 having been placed on the wing skin 86 at
the outboard end 64, according to the method explained
above with reference to Figure 44. In this example, the
group 272 of stringer preforms 74 spans the entire width
of the wing skin 86 in the chord-wise direction 66. In other
examples, the group 272 may span only a portion of the
width of the wing skin 86. As shown in Figure 46, groups
272a, 272b of the stringer preforms 74 may be succes-
sively placed end-to-end in the span-wise direction 67
and joined together by splices 76. In still other examples,
as shown in Figure 47, all 276 of the stringer preforms
74 for an entire wing panel 75 may be placed as a single
group 272 on a wing skin preform 86.
[0079] Referring now to Figures 48-51, wing skin pre-
forms 86 typically have a curvature 278 in the chord-wise
direction 66 which may vary along the span of the wing.
Although not shown in the figures, the wing skin preforms
86 may also have a curvature 278 in the span-wise di-
rection 67 (Figure 12). As shown in Figure 48, stringer
preforms 74 of the inverted T-type discussed previously
may be placed individually or in groups on a wing skin
preform 86 by one or more PNPs 132. During placement,
the stringer preforms 74 are indexed and aligned with
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the wing skin preform 86 and the mandrel 90. When
placed, the base 246 of the stringer preforms 74 follow
the curvature 278 of the wing skin preform 86, while the
blades 244 all extend in the same direction, parallel to
each other. The parallel orientation of the blades 244
allows the PNPs 132 to pick up and place the stringer
preforms 74 without the need for adjusting the angular
orientation of each stringer preforms 74 to match the cur-
vature 278. The parallel stringer blades 244 allow for eas-
ier pickup and holding by the PNPs 132 as well as easier
separation from the stringer preforms 74 when they are
placed on the wing skin preforms 86 in batches.
[0080] Figures 49-53 show a PNP 132 having a plu-
rality of vertically displaceable arms 280 that are linearly
aligned (see Figure 53). Attached to the bottom of the
arms 280 is a gripper 282 capable of grasping and car-
rying a stringer preform 74. In one example shown in
Figure 51, the gripper 282 comprises a pair of spaced
apart, opposing carrier members 277 between which a
stringer preform 74 may be gripped. Each of the carrier
members 277 is generally L-shaped in cross section, and
includes a network of internal passageways 283 that ter-
minate in openings 281 facing the blade 244, as well as
the base 246 of the stringer preform 74. The internal pas-
sageways 283 are coupled with a suitable vacuum
source (not shown) which selectively evacuates the in-
ternal passageways 283, creating a vacuum at the open-
ings 281 that draws the blade 244 and/or the flange por-
tions 252 against the carrier members 277, enabling the
carrier members 277 to grip, pick up and then place the
stringer preform 74 at an indexed location on the wing
skin preform 86. In the illustrated example, the carrier
members 277 extend the entire length of the stringer pre-
form 74, however in other examples, the carrier members
277 may comprise sections that are spaced apart along
the length of the stringer preform 74. A variety of other
types of mechanical and pneumatic grippers are possible
that may be used to grip the blades 244 and/or the flange
portions 252 of the stringer preforms 74.
[0081] During a placement sequence, the PNP 132
moves to a position (Figure 49) in which the arms 280
are aligned above and along the blade 244 of a stringer
preform 74. The arms 280 then move down and the grip-
pers 282 grasp the stringer preform 74 by the blade 244
and/or the base 246, allowing the stringer preform 74 to
be picked up and transported to an indexed placement
position overlying the wing skin preform 86. The arms
280 and/or the PNP 132 move downwardly, causing the
stringer preform 74 to be placed on the wing skin 86. The
grippers 282 then release the blade 244, allowing the
PNP 132 to move back to a starting position in readiness
to pick up another stringer preform 74.
[0082] In the example shown in Figure 51, release of
the stringer preform 74 during stringer placement is
achieved by releasing the vacuum which holds the string-
er preform 74 against the carrier members 277. It may
also be desirable in some applications to apply positive
air pressure at the openings 281 in the carrier members

277 that forces release of the stringer preforms 74 from
the grippers 282. In effect the grippers 282 are releasable
couplings that use a negative air pressure or vacuum to
grip the stringer preform 74, and a positive air pressure
to releases the stringer preform 74 and push it away. The
angular orientation of the arms 280 need not be adjusted
to compensate for the curvature 278 (Figure 48) of the
wing skin preform 86 since compensation for the curva-
ture 278 is "built-in" to the design of the stringer preforms
74. The blades of the stringer preforms 74 remain parallel
to each through the pickup and placement sequence.
[0083] In the example just described, the PNP 132
picks up and places a single stringer preform 74. How-
ever, it is possible to pick up and place multiple stringer
preforms 74, either sequentially or at the same time using
multiple PNPs 132 of the type having multiple grippers
282 that grip a blade 244 along its length. In other exam-
ples, as shown in Figure 53, one or more of the PNPs
132 may have an array of the arms 280 and grippers 282
that are arranged in rows 284 and columns 286 capable
of picking up and placing a group of the stringer preforms
74 simultaneously. In this example, each row 284 of the
grippers 282 picks up the blade a blade 244 and/or base
246 of one of the stringer preforms 74.
[0084] Referring now to Figure 54, as previously men-
tioned in connection with Figures 1 and 2, each of the
wings 54 comprises upper and lower wing panels 84, 85.
Consequently, a pair of wings (port and starboard sides)
comprises four wing panels 75a-75d that are differently
configured from each other in shape and/or contour, or
have other functional differences. All four of these wing
panels 75a-75d may be produced on the same produc-
tion line 88, and in any desired order, serially. It may also
be possible to have more than one model of a wing panel
75 produced on the same production line 88, and ar-
ranged serially. Indexing of the mandrels 90, and thus of
the model of the wing panel 75, is achieved by the con-
troller 162 (Figure 17). In other words, the controller 162
"knows" which model of a wing panel 75 is to be made
on each mandrel 90 and instructs each workstation what
work needs to be performed on a particular mandrel 90
for the particular model produced on that mandrel 90. In
other examples, indexing may be achieved using other
techniques such as any of those previously discussed.
For example, the mandrels 90 may have indexing fea-
tures 141 (Figure 15) thereon that identify the type of
wing panel 75a-75d and the work to be performed on that
wing panel 75a-75d.
[0085] As shown in Figure 54, 4 wing skins 86a-86d
are respectively laid up on four different mandrels 90a-
90d. The mandrels 90a-90d respectively possess con-
tours (not shown in Figure 54) that match the wing panel
75 of which it forms a part. In the illustrated example,
wing skins 86a and 86b respectively form part of the up-
per and lower wing panels 75 of a starboard wing 54
(Figure 1), while wing skins 86c, 86d form part of the
upper and lower wing panels 75 of a port wing 54. While
the wing skins 86a-86d are shown being produced in a
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group and in succession on the production line 88, they
may be produced in other orders, or mixed with other
types of wings panels 75. Thus for example, production
of the wing panels 84 of one aircraft, may be mixed with
production of the wing panels 84 of another aircraft.
[0086] Figure 55 illustrates how wing panels 75 having
different shapes for different applications can be pro-
duced on the same production line 88. For example, wing
panels 75e-75g have differing shapes suitable for wings
of different aircraft may be respectively made on man-
drels 90e-90g traveling along the same production line
88. Wing panel 75h forming part of a horizontal or vertical
stabilizer 56, 58, respectively may be made on mandrels
90e, and produced along with wing panels of the same
or different aircraft.
[0087] In order to produce different wing panels 75 for
the same or different aircraft on the same production line
88, it may be necessary to identify and/or track the man-
drels 90 that are unique to each type of wing panel 75.
Figure 566 illustrates one arrangement to identify each
mandrel 90 in order that the correct wing skin preform 86
and stringer preforms 74 are assembled on the correct
mandrel 90 traveling along a production line 88. Mandrel
90 may be provided with a suitable form of indicia 306
that uniquely identifies the mandrel 90. In one example,
the indicia 306 may comprise a barcode 290 that may be
read by an optical or other type of barcode reader 296.
[0088] In another example, the indicia 306 may com-
prise an RFID (radio frequency identification device) tag
292 that is be read by a suitable RFID reader 294. In
some examples, either the mandrel 90, or a manufactur-
ing excess 137 (Figure 15) on the wing skin preform 86
that has been laid up on the mandrel 90 may also include
indexing features 141 that convey indexing information
to one or more of the workstations. This indexing infor-
mation may be coupled to the workstation by a suitable
coupling device that may be a reader, such as readers
294, 296. In the case of indexing information that has
been placed on an excess of the wing skin preform 86,
the indexing information is removed when the manufac-
turing excess is no longer needed and is removed.
[0089] In either case described immediately above, the
information that is read is delivered to a controller 162,
which may include one or more processors (not shown)
and suitable software for processing this information, and
associating the mandrel 90 with wing configurations 300
that are stored in a memory 298. Based on the wing con-
figuration 300 that is associated with a particular mandrel
90, the controller 162 instructs production line equipment
(e.g. laminators 124 and PNPs 132) 302 to produce the
corresponding wing panel 75 using the related mandrel
90. The indexing features described above may also be
used to track the "bits" that are being supplied to the
workstation for incorporation into the wing skin preform
86, or as part of the work that is performed at downstream
workstations such as bagging and post-cure operations.
[0090] Attention is now directed to Figure 57, which
broadly illustrates the steps of a method of making wing

panels 75 on a production line 88. At 308, a plurality of
mandrels 90 are moved in a process direction P along a
production line 88. The mandrels 90 may be moved along
the production line 88 continuously or incrementally, ei-
ther in pulses or micro-pulses. At 310, composite wing
skins 86 are laid up on the mandrels 90 at a lamination
workstation 92 along the production line 88. The com-
posite wing skins 86 may be laid up on the mandrels 90
as the mandrels 90 are moving either in pulses or micro-
pulses or continuously, or during pauses between the
pulses or micro-pulses. At 312, composite stringers are
placed on the composite wing skins at a stringer place-
ment workstation 96 along the production line. At 313,
the mandrels 90 are moved along the production line 88
through the lamination workstation 92 and the stringer
placement workstation 96 according to takt times that
result a desired rate of production of the wing panels 75.
[0091] Figure 58 broadly illustrates a method of making
wing panels. Beginning at 314, mandrels 90 are moved
along a production line 88 through at least one lamination
workstation and one stringer placement workstation. In
some examples however, the mandrels 90 are moved
through more than these two workstations. At 315, each
of the mandrels 90 is indexed to the lamination worksta-
tion. At 316, composite wing skins 86 are laid up on the
mandrels 90 at the lamination workstation as the man-
drels 90 move through the lamination workstation. At 318,
movement of the mandrels through the lamination work-
station is synchronized with laying up the composite wing
skins using the indexing of each of the mandrels to the
lamination workstation. At 320, each the mandrels 90 is
indexed to the stringer placement workstation. At 322,
the composite stringers 74 are placed on the composite
wing skins at any stringer placement workstation. At 325,
the movement of the mandrels through the stringer place-
ment workstation is synchronized with placing the com-
posite stringers on the wing skins using the indexing of
each of the mandrels to the stringer placement worksta-
tion.
[0092] Referring now to Figure 59, a further method of
making wing panels 75 begins at 324 in which a plurality
of mandrels 90 are moved along a production line 88. At
326 composite wing skins 86 are laid up on the plurality
of mandrels 90. At 328, a plurality of composite stringers
74 are fabricated on a stringer feeder line 134. At 329,
each of the mandrels 90 is moved along a production line
88 through a stringer placement workstation. At 330, the
composite stringers 74 are fed from the stringer feeder
line 134 to the stringer placement workstation. At 332,
the composite stringers 74 are placed on the wing skins
86 at the stringer placement workstation as the mandrels
90 move through the stringer placement workstation.
[0093] Figure 60 broadly illustrates the steps of a meth-
od of making wing skins 86 for aircraft. Beginning at 334,
layup mandrels 90 are moved along a production line 88.
At 336, different sections, 213, 214, 216 of the wing skin
86 are laid up on each of the layup mandrels 90 respec-
tively using different laminators 124 as the layup man-
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drels 90 move along the production line 88.
[0094] Referring to Figure 61, a method of making wing
panels 75 begins at 338 with moving composite wing
skins 86 along a production line 88. At 340, stringer pre-
forms 74 are placed on each of the wing skins 86 at a
stringer placement workstation as the wing skins 86
move along the production line 88.
[0095] Referring now to Figure 62, another method of
making wing panels 75 begins at 341 where differently
configured composite wing skins 86 are moved along a
production line 88. As previously discussed in connection
with Figures 27 and 28, the composite wing skin 86 may
be moved fore-to-aft along one segment 257 of the pro-
duction line 88 and moved aft-to-fore along another seg-
ment 263 of the production line 88. At 343, different sets
272 of stringer preforms are produced on a stringer feed-
er line, wherein each of the sets 272 of the stringer pre-
forms is associated with one of the differently configured
wing skins 86. At 357, the stringer preforms are fed in
the sets 272 thereof to a stringer placement workstation
along the production line 88 such that each of the sets
of stringer preforms arrive just-in-time at the stringer
placement workstation for placement on the associated
wing skin. Feeding the sets 272 of stringer preforms in
series maybe performed such they arrive in the order in
which they are to be placed, however other orders are
possible. Moreover, while it may be efficient in some ap-
plications to feed the stringer preforms in sets 272, it may
be necessary or desirable in other applications to feed
them individually in series or in subsets JIT. At 358, each
of the sets 272 of stringer preforms is placed on the re-
spectively associated wing skin at the stringer placement
workstation.mo Figure 63 broadly illustrates the steps of
another method of making wing panels 75. At 342, com-
posite wing skins 86 are laid up. At 344, at least a first
group 272 of composite stringer preforms 74 are placed
on each of the composite wing skins 86. All of the com-
posite stringer preforms 74 of the first group 272 are
placed on the composite wing skin 86 simultaneously.
[0096] Figure 64 illustrates the basic steps of a method
of making wing panels. At 345, a plurality of mandrels 90
are moved through a plurality of workstations along a
production line 88, including a lamination workstation. At
347, wing skins are laid up on the mandrels 90 at the
lamination workstation. At 349, indexing features are
placed on the mandrels 90. At 351, the indexing features
are used to index the mandrels to the workstations such
that preselected work may be performed on the mandrels
at each of the workstations.
[0097] Figure 65 illustrates a method of making a plu-
rality of differently configured composite wing panels 75.
Beginning at 346, layup mandrels 90 are moved along
production line 88 through a plurality of workstations 92
- 98. At 348, configurations of wing panels 75 to be made
are selected. At 350, wing skins 86 are made by laying
up composite material on each of the mandrels 90 based
on the selected configurations. At 352, composite string-
er preforms 74 are placed on the wing skins 86 based

on the selected configurations
[0098] Examples of the disclosure may find use in a
variety of potential applications, particularly in the trans-
portation industry, including for example, aerospace, ma-
rine, automotive applications and other application utiliz-
ing composite skins reinforced with composite stiffeners.
Thus, referring now to Figures 66 and 67, examples of
the disclosure may be used in the context of an aircraft
manufacturing and service method 400 as shown in Fig-
ure 66 and an aircraft 402 as shown in Figure 67. Aircraft
applications of the disclosed examples may include a
variety of airfoil type structures such as wings and stabi-
lizers. During pre-production, exemplary method 400
may include specification and design 404 of the aircraft
402 and material procurement 406. During production,
component and subassembly manufacturing 408 and
system integration. 410 of the aircraft 402 takes place.
Thereafter, the aircraft 402 may go through certification
and delivery 412 in order to be placed in service 414.
While in service by a customer, the aircraft 402 is sched-
uled for routine maintenance and service 416, which may
also include modification, reconfiguration, refurbish-
ment, and so on.
[0099] Each of the processes of method 400 may be
performed or carried out by a system integrator, a third
party, and/or an operator (e.g., a customer). For the pur-
poses of this description, a system integrator may include
without limitation any number of aircraft manufacturers
and major-system subcontractors; a third party may in-
clude without limitation any number of vendors, subcon-
tractors, and suppliers; and an operator may be an airline,
leasing company, military entity, service organization,
and so on.
[0100] As shown in Figure 67, the aircraft 402 pro-
duced by exemplary method 400 may include an airframe
418, a plurality of systems 420 and an interior 422. The
airframe 418 includes wings and stabilizers 424, each
comprising composite wing skins 426 stiffened with com-
posite stringers 428. Examples of high-level systems 420
include one or more of a propulsion system 430, an elec-
trical system 432, a hydraulic system 434 and an envi-
ronmental system 436. Any number of other systems
may be included. Although an aerospace example is
shown, the principles of the disclosure may be applied
to other industries, such as the marine and automotive
industries. Systems and methods embodied herein may
be employed during any one or more of the stages of the
aircraft manufacturing and service method 400. For ex-
ample, components or subassemblies corresponding to
production process 408 may be fabricated or manufac-
tured in a manner similar to components or subassem-
blies produced while the aircraft 402 is in service. Also,
one or more apparatus examples, method examples, or
a combination thereof may be utilized during the produc-
tion processes 408 and 410, for example, by substantially
expediting assembly of or reducing the cost of an aircraft
402. Similarly, one or more of apparatus examples, meth-
od examples, or a combination thereof may be utilized
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while the aircraft 402 is in service, for example and with-
out limitation, to maintenance and service 416.
[0101] As used herein, the phrase "at least one of’,
when used with a list of items, means different combina-
tions of one or more of the listed items may be used and
only one of each item in the list may be needed. For
example, "at least one of item A, item B, and item C" may
include, without limitation, item A, item A and item B, or
item B. This example also may include item A, item B,
and item C or item B and item C. The item may be a
particular object, thing, or a category. In other words, at
least one of means any combination items and number
of items may be used from the list but not all of the items
in the list are required.
[0102] The description of the different illustrative ex-
amples has been presented for purposes of illustration
and description, and is not intended to be exhaustive or
limited to the examples in the form disclosed. Many mod-
ifications and variations will be apparent to those of or-
dinary skill in the art. Further, different illustrative exam-
ples may provide different advantages as compared to
other illustrative examples. The example or examples
selected are chosen and described in order to best ex-
plain the principles of the examples, the practical appli-
cation, and to enable others of ordinary skill in the art to
understand the disclosure for various examples with var-
ious modifications as are suited to the particular use con-
templated.

Claims

1. Apparatus (210) for making composite wing panels,
comprising:

- a production line (88);
- a plurality of tools (90) coupled with the pro-
duction line;
- a production line drive (205) configured to
move the tools (90) along the production line
(88);
- a plurality of workstations (92-114) along the
production line (88) for performing work on the
tools (90), including at least one wing skin lam-
ination workstation (92-94);
- at least one laminator (124a-124d) in the at
least one wing skin lamination workstation
(92-94) for laying up composite wing skins on
the tools (90); and
- a controller (162) coupled with the production
line drive (205) and configured to control move-
ment of the tools along the production line.

2. The apparatus of claim 1, wherein the plurality of
workstations (92-114) include a plurality of lamina-
tion workstations (92094) each configured to layup
at least a section of a wing skin on each of the tools
(90); and/or wherein the at least one wing skin lam-

ination workstation (92-94) includes a plurality of
laminators (124a-124d) each configured to layup at
least a section of a composite wing skin on each of
the tools.

3. The apparatus of any one of the preceding claims,
wherein the plurality of workstations (92-114) include
at least one stringer placement workstation (96, 98),
wherein each of the at least one stringer placement
workstations (96, 98) is configured to place compos-
ite stringers on the composite wing skins, and op-
tionally:

- wherein the at least one stringer placement
workstation (96, 98) includes at least one auto-
mated pick and place machine (132) configured
to pick up and place sections of the composite
stringers on the composite wing skins; or
- wherein the apparatus further comprises a plu-
rality of stringer feeder lines (134a, 134b) each
configured to produce composite stringers and
feed the composite stringers to one of the string-
er placement workstations.

4. The apparatus of any one of the preceding claims,
wherein the controller is configured to synchronize
the work performed on each of the tools (90) with
movement of the tools (90) along the production line
(88), wherein the synchronization preferably uses
takt times that result in a desired wing panel produc-
tion rate; and
wherein the apparatus optionally further comprises
a plurality of feeder lines synchronized with move-
ment of the tools along the production line and con-
figured to supply materials to at least certain of the
workstations according takt times that result in a de-
sired wing panel production rate, and preferably
wherein each of the feeder lines is configured to sup-
ply the materials to the at least certain of the work-
stations, just-in-time.

5. A system for making composite wing panels, com-
prising:

- an apparatus according to any one of the pre-
ceding claims;
- a plurality of feeder lines respectively config-
ured to feed parts to at least certain of the work-
stations; and
- a control system (200) configured to control
pulsed movement of the tools along the produc-
tion line, and pulsed feed of the parts from the
feeder lines to the workstations and wherein
each workstation is configured to produce a por-
tion of a composite wing panel.

6. The system of claim 5, wherein the control system
includes a controller configured to control the pulsed
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movement and the pulsed feed based on takt times
result in desired wing panel production rate; and/or

wherein the control system includes a controller
configured to synchronize the pulsed movement
of the tools with the pulsed feed of the parts;
and/or
wherein each of the tools includes working in-
structions defining the work that is to be per-
formed on a tool at each of the workstations;
and/or
wherein the control system includes at least one
position sensor in each of the workstations con-
figured to sense the position of the tools at the
workstations.

7. A method of making wing skins and/or composite
wing panels for aircraft, comprising:

- moving (308) a plurality of tools along a pro-
duction line;
- laying up (310) composite wing skins on the
tools at a lamination workstation along the pro-
duction line;
- placing (312) composite stringers on the com-
posite wing skins at a stringer placement work-
station along the production line; and
- moving (313) the tools along the production
line through the lamination workstation and the
stringer placement workstation according to takt
times that result in a desired wing panel produc-
tion rate.

8. The method of claim 7, wherein moving the tools
through a plurality of workstations is performed by
moving the tools continuously along the production
line; and/or
wherein:

- moving the tools through the lamination work-
station and through the stringer placement work-
station is performed incrementally, preferably
wherein moving the tools incrementally includes
pulsing the tools along the production line, and
more preferably wherein laying up the wing skins
and placing the stringers is performed between
pulses during the pulsing; and/or
- laying up the composite wing skins on the tools
at the lamination workstation includes laying up
different sections of the composite wing skins
respectively using separate laminators at the
lamination workstation; and/or
- laying up the composite wing skins is carried
out in separate lamination workstations along
the production line; and/or
- placing the composite stringers on the com-
posite wing skins is carried out in separate
stringer placement workstations along the pro-

duction line; and/or
- placing the composite stringers on the com-
posite wing skins includes using multiple place-
ment machines to place sections of the compos-
ite stringers on the composite wing skins; and/or

wherein the method optionally further comprises:

- producing the composite stringers along a
stringer feeder line, and feeding the composite
stringers from the stringer feeder line to the
stringer placement workstation, just-in-time.

9. The method of any one of the claims 7-8, including
indexing the tools (315, 320) to the lamination work-
station and to the stringer placement workstation
such that the composite wing skins are laid up at
indexed positions on the tools and the composite
stringers are placed at indexed positions on the com-
posite wing skins; and/or
wherein the indexing includes placing at least one
indexing feature on at least one of the tools and the
composite wing skins, and detecting the indexing
feature.

10. The method of making wing panels for aircraft ac-
cording to claim 9, comprising:

- synchronizing (318) moving of the tools
through the lamination workstation with laying
up the composite wing skins using the indexing
of the tools to the lamination workstation;
- synchronizing (325) moving the tools through
the stringer placement workstation with placing
the composite stringers on the composite wing
skins using the indexing of the tools to the string-
er placement workstation.

11. The method of any one of the preceding claims 7 -
10, further comprising:

- moving the tools along the production line into
an autoclave, and
- curing the composite wing skins and the com-
posite stringers in the autoclave for a cure peri-
od, wherein the takt times is no greater than the
cure period;

and/or further comprising:

- coupling an apparatus with one of the tools;
- moving the tool and the apparatus through a
plurality of workstations along the production
line,
- performing work on the composite wing skin
on the tool using the apparatus; and
- uncoupling the apparatus from the tool after
the tool has moved through the plurality of work-
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stations;

and/or wherein laying up the composite wing skins
includes:

- using a laminator to layup up composite mate-
rial on one of the tools at the lamination work-
station,
- coupling the laminator with the tool at the lam-
ination workstation as the tool enters the lami-
nation workstation,
- moving the laminator and the tool together
through the lamination workstation as the lami-
nator lays up composite material on the tool, and
- uncoupling the laminator from the tool after the
laminator has completed laying up the compos-
ite material.

12. The method according to any one of the preceding
claims 7 - 11, further comprising:

- fabricating a plurality of composite stringers on
a stringer feeder line;
- moving the plurality of tools along the produc-
tion line through a stringer placement worksta-
tion; and
- feeding the composite stringers from the string-
er feeder line to the stringer placement worksta-
tion; and
- optionally associating sets of the composite
stringers fabricated on the stringer feeder line,
respectively with the composite wing skins, and
wherein feeding the composite stringers is per-
formed such that the sets of the composite
stringers are fed to the stringer placement work-
station, just-in-time for placement on the com-
posite wing skins;

and/or wherein fabricating the plurality of composite
stringers includes forming blades on the composite
stringers, and placing the composite stringers in-
cludes placing the composite stringers such that the
blades are substantially parallel
and/or further comprising:

- synchronizing moving the tools through the
stringer placement workstation with feeding the
composite stringers from the stringer feeder line
to the stringer placement workstation, wherein
the synchronizing preferably includes:
- feeding the composite stringers from the string-
er feeder line to the stringer placement worksta-
tion, and
- moving the tools through the stringer place-
ment workstation and feeding the composite
stringers are performed according to the takt
times.

13. The method of any one of the preceding claims 7 -
12, further comprising:

- moving the tools along the production line
through at least two stringer placement worksta-
tions;
- placing composite stringers on the composite
wing skins as the tools move through each of
the at least two stringer placement workstations;
and
- feeding the composite stringers to each of the
at least two stringer placement workstations.
and/or wherein placing the composite stringers
includes placing sections of the composite
stringers on the composite wing skins and splic-
ing the sections together;
and/or wherein placing the composite stringers
is performed using pick-and-place machines;
and/or wherein each of the composite stringer
preforms has a base configured to match a con-
tour of the composite wing skin, and wherein
placing at least a first group of the composite
stringer preforms includes picking up each of
the composite stringers placing the base of the
composite stringer preform against the compos-
ite wing skin.

14. The method according to any one of the preceding
claims 7 - 13, wherein the stringers are stringer pre-
forms, and preferably wherein placing the stringer
preforms includes:

- simultaneously placing all of the stringer pre-
forms on the composite wing skins at the stringer
placement workstation along the production
line; or
- placing a portion of the stringer preforms on
the composite wing skins at a plurality of stringer
placement workstations along the production
line; or
- placing sections of the stringer preforms on the
composite wing skins at a plurality of stringer
placement workstations along the production
line;

and more preferably wherein placing the stringer pre-
forms includes placing stringer preforms on the com-
posite wing skins successively in a chord-wise direc-
tion of the composite wing skin or successively in a
span-wise direction of the composite wing skin.

15. The method of any one of the preceding claims 7 -
14, wherein the stringers are sets of stringers or
stringer preforms on a stringer feeder line, wherein
each of the sets of the stringer preforms is associated
with one of different composite wing skins, and
wherein the method further comprises feeding the
sets of stringer preforms to a stringer placement
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workstation along the production line such that the
sets of stringer preforms arrive just-in-time at the
stringer placement workstation to be placed on a
composite wing skin, and optionally:

- wherein feeding the sets of stringer preforms
includes feeding the sets of stringer preforms
serially in a preselected order along the stringer
feeder line such that the sets of stringer preforms
arrive in the preselected order at the stringer
placement workstation; or
- wherein placing the sets of stringer preforms
includes placing the stringer preforms in each
of the sets individually or placing all of the string-
er preforms in each of the sets simultaneously.

Patentansprüche

1. Vorrichtung (210) zum Herstellen von Verbundflü-
gelplatten, umfassend:

- eine Produktionslinie (88);
- eine Vielzahl von Werkzeugen (90), die mit der
Produktionslinie gekoppelt sind;
- einen Produktionslinienantrieb (205), der kon-
figuriert ist, um die Werkzeuge (90) entlang der
Produktionslinie (88) zu bewegen;
- eine Vielzahl von Arbeitsstationen (92-114)
entlang der Produktionslinie (88) zum Durchfüh-
ren einer Arbeit an den Werkzeugen (90), ein-
schließlich mindestens einer Flügelhautlami-
nierarbeitsstation (92-94);
- mindestens einen Laminator (124a-124d) in
der mindestens einen Flügelhautlaminierar-
beitsstation (92-94) zum Auflegen von Verbund-
flügelhäuten auf die Werkzeuge (90); und
- eine Steuerung (162), die mit dem Produkti-
onslinienantrieb (205) gekoppelt und konfigu-
riert ist, um eine Bewegung der Werkzeuge ent-
lang der Produktionslinie zu steuern.

2. Vorrichtung nach Anspruch 1, wobei die Vielzahl von
Arbeitsstationen (92-114) eine Vielzahl von Lami-
nierarbeitsstationen (92094) einschließen, wobei je-
der konfiguriert ist, um mindestens eine Sektion ei-
ner Flügelhaut auf jedes der Werkzeuge (90) aufzu-
legen; und/oder wobei die mindestens eine Flügel-
hautlaminierarbeitsstation (92-94) eine Vielzahl von
Laminatoren (124a-124d) einschließt, wobei jeder
konfiguriert ist, um mindestens eine Sektion einer
Verbundflügelhaut auf jedes der Werkzeuge aufzu-
legen.

3. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei die Vielzahl von Arbeitsstationen
(92-114) mindestens eine Stringerplatzierungsar-
beitsstation (96, 98) umfasst, wobei jede der min-

destens einen Stringerplatzierungsarbeitsstationen
(96, 98) konfiguriert ist, um Verbundstringer auf den
Verbundflügelhäuten zu platzieren, und optional:

- wobei die mindestens eine Stringerplatzie-
rungsarbeitsstation (96, 98) mindestens eine
automatisierte Pick-and-Place-Maschine (132)
einschließt, die konfiguriert ist, um Sektionen
der Verbundstringer aufzunehmen und auf den
Verbundflügelhäuten zu platzieren; oder
- wobei die Vorrichtung ferner eine Vielzahl von
Stringerzuführungslinien (134a, 134b) umfasst,
wobei jede konfiguriert ist, um Verbundstringer
zu produzieren und die Verbundstringer einer
der Stringerplatzierungsarbeitsstationen zuzu-
führen.

4. Vorrichtung nach einem der vorstehenden Ansprü-
che, wobei die Steuerung konfiguriert ist, um die Ar-
beit, die auf jedem der Werkzeuge (90) durchgeführt
wird, mit der Bewegung der Werkzeuge (90) entlang
der Produktionslinie (88) zu synchronisieren, wobei
die Synchronisierung vorzugsweise Taktzeiten ver-
wendet, die zu einer gewünschten Flügelplattenpro-
duktionsrate führen; und
wobei die Vorrichtung optional ferner eine Vielzahl
von Zuführungslinien umfasst, die mit der Bewegung
der Werkzeuge entlang der Produktionslinie syn-
chronisiert und konfiguriert sind, um Materialien an
mindestens bestimmte der Arbeitsstationen gemäß
Taktzeiten zu liefern, die zu einer gewünschten Flü-
gelplattenproduktionsrate führen, und wobei vor-
zugsweise jede der Zuführungslinien konfiguriert ist,
um die Materialien just-in-time an die mindestens
bestimmten der Arbeitsstationen zu liefern.

5. System zum Herstellen von Verbundflügelplatten,
umfassend:

- eine Vorrichtung nach einem der vorstehenden
Ansprüche;
- eine Vielzahl von Zuführungslinien, die jeweils
konfiguriert sind, um mindestens bestimmten
der Arbeitsstationen Teile zuzuführen; und
- ein Steuersystem (200), das konfiguriert ist,
um eine gepulste Bewegung der Werkzeuge
entlang der Produktionslinie und eine gepulste
Zufuhr der Teile von den Zuführungslinien zu
den Arbeitsstationen zu steuern, und wobei jede
Arbeitsstation konfiguriert ist, um einen Ab-
schnitt einer Verbundflügelplatte zu produzie-
ren.

6. System nach Anspruch 5, wobei das Steuersystem
eine Steuerung einschließt, die konfiguriert ist, um
die gepulste Bewegung und die gepulste Zufuhr ba-
sierend auf Taktzeiten zu steuern, die zu der ge-
wünschten Flügelplattenproduktionsrate zu führen;
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und/oder

wobei das Steuersystem eine Steuerung ein-
schließt, die konfiguriert ist, um die gepulste Be-
wegung der Werkzeuge mit der gepulsten Zu-
fuhr der Teile zu synchronisieren; und/oder
wobei jedes der Werkzeuge Arbeitsanweisun-
gen einschließt, die die Arbeit definieren, die auf
einem Werkzeug an jeder der Arbeitsstationen
durchzuführen ist; und/oder
wobei das Steuersystem mindestens einen Po-
sitionssensor in jeder der Arbeitsstationen ein-
schließt, der konfiguriert ist, um die Position der
Werkzeuge an den Arbeitsstationen zu erfas-
sen.

7. Verfahren zum Herstellen von Flügelhäuten
und/oder Verbundflügelplatten für ein Luftfahrzeug,
umfassend:

- Bewegen (308) einer Vielzahl von Werkzeugen
entlang einer Produktionslinie;
- Auflegen (310) von Verbundflügelhäuten auf
die Werkzeuge an einer Laminierarbeitsstation
entlang der Produktionslinie;
- Platzieren (312) von Verbundstringern auf den
Verbundflügelhäuten an einer Stringerplatzie-
rungsarbeitsstation entlang der Produktionsli-
nie; und
- Bewegen (313) der Werkzeuge entlang der
Produktionslinie durch die Laminierarbeitsstati-
on und die Stringerplatzierungsarbeitsstation
gemäß Taktzeiten, die zu einer gewünschten
Flügelplattenproduktionsrate führen.

8. Verfahren nach Anspruch 7, wobei das Bewegen der
Werkzeuge durch eine Vielzahl von Arbeitsstationen
über kontinuierliches Bewegen der Werkzeuge ent-
lang der Produktionslinie durchgeführt wird;
und/oder
wobei:

- das Bewegen der Werkzeuge durch die Lami-
nierarbeitsstation und durch die Stringerplatzie-
rungsarbeitsstation inkrementell durchgeführt
wird, wobei vorzugsweise ein inkrementelles
Bewegen der Werkzeuge ein Pulsieren der
Werkzeuge entlang der Produktionslinie ein-
schließt und wobei mehr bevorzugt das Aufle-
gen der Flügelhäute und das Platzieren der
Stringer zwischen Pulsen während des Pulsie-
rens durchgeführt wird; und/oder
- das Auflegen der Verbundflügelhäute auf die
Werkzeuge an der Laminierarbeitsstation das
Auflegen verschiedener Sektionen der Ver-
bundflügelhäute jeweils unter Verwendung se-
parater Laminatoren an der Laminierarbeitssta-
tion einschließt; und/oder

- das Auflegen der Verbundflügelhäute in sepa-
raten Laminierarbeitsstationen entlang der Pro-
duktionslinie ausgeführt wird; und/oder
- das Platzieren der Verbundstringer auf den
Verbundflügelhäuten in separaten Stringerplat-
zierungsarbeitsstationen entlang der Produkti-
onslinie ausgeführt wird; und/oder
- das Platzieren der Verbundstringer auf den
Verbundflügelhäuten ein Verwenden einer
Mehrzahl von Platzierungsmaschinen ein-
schließt, um Sektionen der Verbundstringer auf
den Verbundflügelhäuten zu platzieren;
und/oder

wobei das Verfahren optional ferner umfasst:

- Produzieren der Verbundstringer entlang einer
Stringerzuführungslinie und Zuführen der Ver-
bundstringer just-in-time von der Stringerzufüh-
rungslinie zu der Stringerplatzierungsarbeits-
station.

9. Verfahren nach einem der Ansprüche 7 bis 8, ein-
schließlich eines derartigen Indexierens der Werk-
zeuge (315, 320) für die Laminierarbeitsstation und
für die Stringerplatzierungsarbeitsstation, dass die
Verbundflügelhäute an indexierten Positionen auf
die Werkzeuge aufgelegt werden und die Verbund-
stringer an indexierten Positionen auf den Verbund-
flügelhäuten platziert werden; und/oder
wobei das Indexieren das Platzieren mindestens ei-
nes Indexierungsmerkmals auf mindestens einem
von den Werkzeugen und den Verbundflügelhäuten
und ein Erkennen des Indexierungsmerkmals ein-
schließt.

10. Verfahren zum Herstellen von Flügelplatten für das
Luftfahrzeug nach Anspruch 9, umfassend:

- Synchronisieren (318) des Bewegens der
Werkzeuge durch die Laminierarbeitsstation mit
dem Auflegen der Verbundflügelhäute unter
Verwendung der Indexierung der Werkzeuge für
die Laminierarbeitsstation;
- Synchronisieren (325) des Bewegens der
Werkzeuge durch die Stringerplatzierungsar-
beitsstation mit dem Platzieren der Verbund-
stringer auf den Verbundflügelhäuten unter Ver-
wendung der Indexierung der Werkzeuge für die
Stringerplatzierungsarbeitsstation.

11. Verfahren nach einem der vorstehenden Ansprüche
7 bis 10, ferner umfassend:

- Bewegen der Werkzeuge entlang der Produk-
tionslinie in einen Autoklav und
- Aushärten der Verbundflügelhäute und der
Verbundstringer in dem Autoklav für eine Aus-
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härtungszeit, wobei die Taktzeiten nicht größer
als die Aushärtungszeit sind;

und/oder ferner umfassend:

- Koppeln einer Vorrichtung mit einem der Werk-
zeuge;
- Bewegen des Werkzeugs und der Vorrichtung
durch eine Vielzahl von Arbeitsstationen entlang
der Produktionslinie,
- Durchführen der Arbeit auf der Verbundflügel-
haut auf dem Werkzeug unter Verwendung der
Vorrichtung; und
- Entkoppeln der Vorrichtung von dem Werk-
zeug, nachdem sich das Werkzeug durch die
Vielzahl von Arbeitsstationen bewegt hat;

und/oder wobei das Auflegen der Verbundflügelhäu-
te einschließt:

- Verwenden eines Laminators, um Verbundma-
terial auf eines der Werkzeuge an der Laminier-
arbeitsstation aufzulegen,
- Koppeln des Laminators mit dem Werkzeug
an der Laminierarbeitsstation, während das
Werkzeug in die Laminierarbeitsstation eintritt,
- gemeinsames Bewegen des Laminators und
des Werkzeugs durch die Laminierarbeitsstati-
on, während der Laminator Verbundmaterial auf
das Werkzeug auflegt, und
- Entkoppeln des Laminators von dem Werk-
zeug, nachdem der Laminator das Auflegen des
Verbundmaterials abgeschlossen hat.

12. Verfahren nach einem der vorstehenden Ansprüche
7 bis 11, ferner umfassend:

- Fertigen einer Vielzahl von Verbundstringern
auf einer Stringerzuführungslinie;
- Bewegen der Vielzahl von Werkzeugen ent-
lang der Produktionslinie durch eine Stringer-
platzierungsarbeitsstation; und
- Zuführen der Verbundstringer von der Strin-
gerzuführungslinie zu der Stringerplatzierungs-
arbeitsstation; und
- optionales Zuordnen von Sätzen der Verbund-
stringer, die auf der Stringerzuführungslinie ge-
fertigt werden, jeweils zu den Verbundflügelhäu-
ten, und wobei das Zuführen der Verbundstrin-
ger derart durchgeführt wird, dass die Sätze der
Verbundstringer der Stringerplatzierungsar-
beitsstation just-in-time für eine Platzierung auf
den Verbundflügelhäuten zugeführt werden;

und/oder wobei das Fertigen der Vielzahl von Ver-
bundstringern ein Formen von Blättern auf den Ver-
bundstringern einschließt und das Platzieren der
Verbundstringer das Platzieren der Verbundstringer

derart einschließt, dass die Blätter im Wesentlichen
parallel sind
und/oder ferner umfassend:

- Synchronisieren des Bewegens der Werkzeu-
ge durch die Stringerplatzierungsarbeitsstation
mit dem Zuführen der Verbundstringer von der
Stringerzuführungslinie zu der Stringerplatzie-
rungsarbeitsstation, wobei das Synchronisieren
vorzugsweise einschließt:
- Zuführen der Verbundstringer von der Strin-
gerzuführungslinie zu der Stringerplatzierungs-
arbeitsstation, und
- wobei das Bewegen der Werkzeuge durch die
Stringerplatzierungsarbeitsstation und das Zu-
führen der Verbundstringer gemäß den Taktzei-
ten durchgeführt werden.

13. Verfahren nach einem der vorstehenden Ansprüche
7 bis 12, ferner umfassend:

- Bewegen der Werkzeuge entlang der Produk-
tionslinie durch mindestens zwei Stringerplat-
zierungsarbeitsstationen;
- Platzieren von Verbundstringern auf den Ver-
bundflügelhäuten, während sich die Werkzeuge
durch jede der mindestens zwei Stringerplatzie-
rungsarbeitsstationen bewegen; und
- Zuführen der Verbundstringer zu jeder der min-
destens zwei Stringerplatzierungsarbeitsstatio-
nen.
und/oder wobei das Platzieren der Verbund-
stringer das Platzieren von Sektionen der Ver-
bundstringer auf den Verbundflügelhäuten und
das Zusammenspleißen der Sektionen ein-
schließt;
und/oder wobei das Platzieren der Verbund-
stringer unter Verwendung von Pick-and-Place-
Maschinen durchgeführt wird;
und/oder wobei jeder der Verbundstringervor-
formlinge eine Basis aufweist, die konfiguriert
ist, um mit einer Kontur der Verbundflügelhaut
übereinzustimmen, und wobei das Platzieren
mindestens einer ersten Gruppe der Verbund-
stringervorformlinge ein Aufnehmen jedes der
Verbundstringer einschließt, wobei die Basis
des Verbundstringervorformlings gegen die
Verbundflügelhaut platziert wird.

14. Verfahren nach einem der vorstehenden Ansprüche
7 bis 13, wobei die Stringer Stringervorformlinge
sind, und wobei vorzugsweise das Platzieren der
Stringervorformlinge einschließt:

- gleichzeitiges Platzieren aller der Stringervor-
formlinge auf den Verbundflügelhäuten an der
Stringerplatzierungsarbeitsstation entlang der
Produktionslinie; oder
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- Platzieren eines Abschnitts der Stringervor-
formlinge auf den Verbundflügelhäuten an einer
Vielzahl von Stringerplatzierungsarbeitsstatio-
nen entlang der Produktionslinie; oder
- Platzieren von Sektionen der Stringervorform-
linge auf den Verbundflügelhäuten an einer Viel-
zahl von Stringerplatzierungsarbeitsstationen
entlang der Produktionslinie;

und wobei mehr bevorzugt das Platzieren der Strin-
gervorformlinge das Platzieren von Stringervorform-
lingen auf den Verbundflügelhäuten nacheinander
in einer Sehnenrichtung der Verbundflügelhaut oder
nacheinander in einer Spannweitenrichtung der Ver-
bundflügelhaut einschließt.

15. Verfahren nach einem der vorstehenden Ansprüche
7 bis 14, wobei die Stringer Sätze von Stringern oder
Stringervorformlingen auf einer Stringerzuführungs-
linie sind, wobei jeder der Sätze der Stringervorform-
linge zu einer von verschiedenen Verbundflügelhäu-
ten zugeordnet ist und wobei das Verfahren ferner
ein derartiges Zuführen der Sätze von Stringervor-
formlingen zu einer Stringerplatzierungsarbeitssta-
tion entlang der Produktionslinie umfasst, dass die
Sätze von Stringervorformlingen just-in-time an der
Stringerplatzierungsarbeitsstation ankommen, um
auf einer Verbundflügelhaut platziert zu werden, und
optional:

- wobei das Zuführen der Sätze von Stringervor-
formlingen ein derartiges serielles Zuführen der
Sätze von Stringervorformlingen in einer vorab
ausgewählten Reihenfolge entlang der Stringer-
zuführungslinie einschließt, dass die Sätze von
Stringervorformlingen in der vorab ausgewähl-
ten Reihenfolge an der Stringerplatzierungsar-
beitsstation ankommen; oder
- wobei das Platzieren der Sätze von Stringer-
vorformlingen ein individuelles Platzieren der
Stringervorformlinge in jedem der Sätze oder
das gleichzeitige Platzieren aller der Stringer-
vorformlinge in jedem der Sätze einschließt.

Revendications

1. Appareil (210) de fabrication de panneaux de voilure
composites, comprenant :

- une chaîne de production (88) ;
- une pluralité d’outils (90) accouplés à la chaîne
de production ;
- un entraînement de chaîne de production (205)
conçu pour déplacer les outils (90) le long de la
chaîne de production (88) ;
- une pluralité de postes de travail (92-114) le
long de la chaîne de production (88) destinés à

effectuer un travail sur les outils (90), compor-
tant au moins un poste de travail de laminage
(92-94) de revêtement de voilure ;
- au moins un laminateur (124a-124d) dans l’au
moins un poste de travail de laminage (92-94)
de revêtement de voilure destiné à empiler des
revêtements de voilure composites sur les outils
(90) ; et
- un dispositif de commande (162) couplé à l’en-
traînement de chaîne de production (205) et
configuré pour commander le déplacement des
outils le long de la chaîne de production.

2. Appareil selon la revendication 1, dans lequel la plu-
ralité de postes de travail (92-114) comportent une
pluralité de postes de travail de laminage (92094)
conçus chacun pour empiler au moins une section
d’un revêtement de voilure sur chacun des outils
(90) ; et/ou dans lequel l’au moins un poste de travail
de laminage (92-94) de revêtement de voilure com-
porte une pluralité de laminateurs (124a-124d) con-
çus chacun pour empiler au moins une section d’un
revêtement de voilure composite sur chacun des
outils.

3. Appareil selon l’une quelconque des revendications
précédentes, dans lequel la pluralité de postes de
travail (92-114) comportent au moins un poste de
travail de placement de lisse (96, 98), dans lequel
chacun de l’au moins un poste de travail de place-
ment de lisse (96, 98) est configuré pour placer des
lisses composites sur les revêtements de voilure
composites, et éventuellement :

- dans lequel l’au moins un poste de travail de
placement de lisse (96, 98) comporte au moins
une machine bras-transfert automatisée (132)
configurée pour prendre et placer des sections
de lisses composites sur les revêtements de voi-
lure composites ; ou
- dans lequel l’appareil comprend en outre une
pluralité de lignes d’alimentation en lisse (134a,
134b) configurées chacune pour produire des
lisses composites et alimenter en lisses compo-
sites l’un des postes de travail de placement de
lisse.

4. Appareil selon l’une quelconque des revendications
précédentes, dans lequel le dispositif de commande
est configuré pour synchroniser le travail effectué
sur chacun des outils (90) avec le déplacement des
outils (90) le long de la chaîne de production (88),
dans lequel la synchronisation utilise de préférence
des temps takt qui résultent en une cadence de pro-
duction de panneau de voilure désirée ; et
dans lequel l’appareil comprend en outre, éventuel-
lement, une pluralité de lignes d’alimentation syn-
chronisées avec le déplacement des outils le long
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de la chaîne de production et configurées pour four-
nir des matériaux à au moins certains des postes de
travail en fonction des temps takt qui résultent en
une cadence de production de panneau de voilure
désirée, et de préférence, dans lequel chacune des
lignes d’alimentation est configurée pour fournir les
matériaux à l’au moins certains des postes de travail,
juste à temps.

5. Système de fabrication de panneaux de voilure com-
posites, comprenant :

- un appareil selon l’une quelconque des reven-
dications précédentes,
- une pluralité de lignes d’alimentation respecti-
vement configurées pour alimenter en pièces au
moins certains des postes de travail ; et
- un système de commande (200) configuré pour
commander le déplacement pulsé des outils le
long de la chaîne de production, et l’alimentation
pulsée des pièces à partir des lignes d’alimen-
tation vers les postes de travail et dans lequel
chaque poste de travail est configuré pour pro-
duire une partie d’un panneau de voilure com-
posite.

6. Système selon la revendication 5, dans lequel le sys-
tème de commande comporte un dispositif de com-
mande configuré pour commander le déplacement
pulsé et l’alimentation pulsée sur la base des temps
takt qui résultent en une cadence de production de
panneau de voilure désirée ; et/ou

dans lequel le système de commande comporte
un dispositif de commande configuré pour syn-
chroniser le déplacement pulsé des outils avec
l’alimentation pulsée des pièces ; et/ou
dans lequel chacun des outils comporte des ins-
tructions de travail définissant le travail qui doit
être effectué sur un outil au niveau de chacun
des postes de travail ; et/ou
dans lequel le système de commande comporte
au moins un capteur de position dans chacun
des postes de travail configuré pour détecter la
position des outils au niveau des postes de tra-
vail.

7. Procédé de fabrication de revêtements de voilure
et/ou de panneaux de voilure composites pour un
aéronef, comprenant :

- le déplacement (308) d’une pluralité d’outils le
long d’une chaîne de production ;
- l’empilage (310) de revêtements de voilure
composites sur les outils au niveau d’un poste
de travail de laminage le long de la chaîne de
production ;
- le placement (312) de lisses composites sur

les revêtements de voilure composites au ni-
veau d’un poste de travail de placement de lisse
le long de la chaîne de production ; et
- le déplacement (313) des outils le long de la
chaîne de production à travers le poste de travail
de laminage et le poste de travail de placement
de lisse en fonction des temps takt qui résultent
en une cadence de production de panneau de
voilure désirée.

8. Procédé selon la revendication 7, dans lequel le dé-
placement des outils à travers une pluralité de postes
de travail est effectué en déplaçant les outils en con-
tinu le long de la chaîne de production ; et/ou
dans lequel :

- le déplacement des outils à travers le poste de
travail de laminage et à travers le poste de travail
de placement de lisse est effectué progressive-
ment, de préférence dans lequel le déplacement
progressif des outils comporte la pulsation des
outils le long de la chaîne de production, et plus
préférablement, dans lequel l’empilage des re-
vêtements de voilure et le placement des lisses
sont effectués entre des pulses pendant la
pulsation ; et/ou
- l’empilage des revêtements de voilure compo-
sites sur les outils au niveau du poste de travail
de laminage comporte l’empilage de différentes
sections des revêtements de voilure composites
respectivement à l’aide des laminateurs sépa-
rés au niveau du poste de travail de laminage ;
et/ou
- l’empilage des revêtements de voilure compo-
sites est réalisé dans des postes de travail de
laminage séparés le long de la chaîne de
production ; et/ou
- le placement des lisses composites sur les re-
vêtements de voilure composites est réalisé
dans des postes de travail de placement de lisse
séparés le long de la chaîne de production ;
et/ou
- le placement des lisses composites sur les re-
vêtements de voilure composites comporte l’uti-
lisation de multiples machines de placement
pour placer des sections des lisses composites
sur les revêtements de voilure composites ;
et/ou

dans lequel le procédé comprend en outre,
éventuellement :

- la production des lisses composites le long
d’une ligne d’alimentation en lisse, et l’alimen-
tation en lisses composites à partir de la ligne
d’alimentation en lisse vers le poste de travail
de placement de lisse, juste à temps.
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9. Procédé selon l’une quelconque des revendications
7 à 8, comportant l’indexation des outils (315, 320)
au poste de travail de laminage et au poste de travail
de placement de lisse de sorte que les revêtements
de voilure composites soient empilés au niveau de
positions indexées sur les outils et que les lisses
composites soient placées au niveau de positions
indexées sur les revêtements de voilure
composites ; et/ou
dans lequel l’indexation comporte le placement d’au
moins un élément d’indexation sur au moins l’un des
outils et des revêtements de voilure composites, et
la détection de l’élément d’indexation.

10. Procédé de fabrication de panneaux de voilure pour
un aéronef selon la revendication 9, comprenant :

- la synchronisation (318) du déplacement des
outils à travers le poste de travail de laminage
avec l’empilage des revêtements de voilure
composites à l’aide de l’indexation des outils au
poste de travail de laminage ;
- la synchronisation (325) du déplacement des
outils à travers le poste de travail de placement
de lisse avec le placement des lisses composi-
tes sur les revêtements de voilure composites
à l’aide de l’indexation des outils au poste de
travail de placement de lisse.

11. Procédé selon l’une quelconque des revendications
précédentes 7 à 10, comprenant en outre :

- le déplacement des outils le long de la chaîne
de production dans un autoclave, et
- le durcissement des revêtements de voilure
composites et des lisses composites dans
l’autoclave pendant une période de durcisse-
ment, dans lequel le temps takt n’est pas supé-
rieur à la période de durcissement ;
et/ou comprenant en outre :

- l’accouplement d’un appareil à l’un des
outils ;
- le déplacement de l’outil et de l’appareil à
travers une pluralité de postes de travail le
long de la chaîne de production,
- la réalisation du travail sur le revêtement
de voilure composite sur l’outil à l’aide de
l’appareil ; et
- le désaccouplement de l’appareil de l’outil
après que l’outil s’est déplacé à travers la
pluralité de postes de travail ;

et/ou dans lequel l’empilage des revêtements
de voilure composites comporte :

- l’utilisation d’un laminateur pour empiler
un matériau composite sur l’un des outils

au niveau du poste de travail de laminage,
- l’accouplement du laminateur à l’outil au
niveau du poste de travail de laminage lors-
que l’outil entre dans le poste de travail de
laminage,
- le déplacement du laminateur et de l’outil
ensemble à travers le poste de travail de
laminage lorsque le laminateur empile un
matériau composite sur l’outil, et
- le désaccouplement du laminateur de
l’outil après que le laminateur a terminé
l’empilage du matériau composite.

12. Procédé selon l’une quelconque des revendications
précédentes 7 à 11, comprenant en outre :

- la fabrication d’une pluralité de lisses compo-
sites sur une ligne d’alimentation en lisse ;
- le déplacement de la pluralité d’outils le long
de la chaîne de production à travers un poste
de travail de placement de lisse ; et
- l’alimentation en lisses composites à partir de
la ligne d’alimentation en lisse vers le poste de
travail de placement de lisse ; et
- éventuellement, l’association d’ensembles de
lisses composites fabriqués sur la ligne d’ali-
mentation en lisse, respectivement aux revête-
ments de voilure composites, et dans lequel l’ali-
mentation en lisses composites est effectuée de
sorte que les ensembles de lisses composites
sont acheminés vers le poste de travail de pla-
cement de lisse, juste à temps, pour le place-
ment sur les revêtements de voilure
composites ;
et/ou dans lequel la fabrication de la pluralité de
lisses composites comporte la formation de la-
mes sur les lisses composites, et le placement
des lisses composites comporte le placement
des lisses composites de sorte que les lames
soient sensiblement parallèles
et/ou comprenant en outre :

- la synchronisation du déplacement des
outils à travers le poste de travail de place-
ment de lisse avec l’alimentation en lisses
composites à partir de la ligne d’alimenta-
tion en lisse vers le poste de travail de pla-
cement de lisse, dans lequel la synchroni-
sation comporte de préférence :
- l’alimentation en lisses composites à partir
de la ligne d’alimentation en lisse vers le
poste de travail de placement de lisse, et
- le déplacement des outils à travers le poste
de travail de placement de lisse et l’alimen-
tation en lisses composites sont effectués
en fonction des temps takt.

13. Procédé selon l’une quelconque des revendications
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précédentes 7 à 12, comprenant en outre :

- le déplacement des outils le long de la chaîne
de production à travers au moins deux postes
de travail de placement de lisse ;
- le placement de lisses composites sur les re-
vêtements de voilure composites lorsque les
outils se déplacent à travers chacun des au
moins deux postes de travail de placement de
lisse ; et
- l’alimentation en lisses composites vers cha-
cun des au moins deux postes de travail de pla-
cement de lisse ;
et/ou dans lequel le placement des lisses com-
posites comporte le placement de sections de
lisses composites sur les revêtements de voilure
composites et la jonction des sections
ensemble ;
et/ou dans lequel le placement des lisses com-
posites est effectué à l’aide des machines bras-
transfert ;
et/ou dans lequel chacun des préformes de lisse
composite a une base conçue pour épouser un
contour du revêtement de voilure composite, et
dans lequel le placement d’au moins un premier
groupe de préformes de lisse composite com-
porte la prise de chacune des lisses composites,
en plaçant la base de la préforme de lisse com-
posite contre le revêtement de voilure composi-
te.

14. Procédé selon l’une quelconque des revendications
précédentes 7 à 13, dans lequel les lisses sont des
préformes de lisse, et de préférence, dans lequel le
placement des préformes de lisse comporte :

- le placement simultané de toutes les préformes
de lisse sur les revêtements de voilure compo-
sites au niveau du poste de travail de placement
de lisse le long de la chaîne de production ; ou
- le placement d’une partie des préformes de
lisse sur les revêtements de voilure composites
au niveau d’une pluralité de postes de travail de
placement de lisse le long de la chaîne de
production ; ou
- le placement des sections des préformes de
lisse sur les revêtements de voilure composites
au niveau d’une pluralité de postes de travail de
placement de lisse le long de la chaîne de
production ;

et plus préférablement, dans lequel le placement des
préformes de lisse comporte le placement des pré-
formes de lisse sur les revêtements de voilure com-
posites successivement dans une direction de la cor-
de du revêtement de voilure composite ou succes-
sivement dans une direction de l’envergure du revê-
tement de voilure composite.

15. Procédé selon l’une quelconque des revendications
précédentes 7 à 14, dans lequel les lisses sont des
ensembles de lisses ou de préformes de lisse sur
une ligne d’alimentation en lisse, dans lequel chacun
des ensembles de préformes de lisse est associé à
l’un des différents revêtements de voilure composi-
tes, et dans lequel le procédé comprend en outre
l’alimentation en ensembles de préformes de lisse
vers un poste de travail de placement de lisse le long
de la chaîne de production de sorte que les ensem-
bles de préformes de lisse arrivent juste à temps au
poste de travail de placement de lisse pour être pla-
cés sur un revêtement de voilure composite, et
éventuellement :

- dans lequel l’alimentation en ensembles de
préformes de lisse comporte l’alimentation en
ensembles de préformes en série selon un ordre
présélectionné le long de la ligne d’alimentation
en lisse de sorte que les ensembles de préfor-
mes de lisse arrivent selon l’ordre présélection-
né au poste de travail de placement de lisse ; ou
- dans lequel le placement des ensembles de
préformes de lisse comporte le placement indi-
viduel des préformes de lisse dans chacun des
ensembles ou le placement simultané de toutes
les préformes dans chacun des ensembles.
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