Office de la Proprieté Canadian

Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2833975 C 2016/02/16

(11)(21) 2 833 975

(12 BREVET CANADIEN
CANADIAN PATENT
13) C

(86) Date de dépdot PCT/PCT Filing Date: 2012/07/11

(87) Date publication PCT/PCT Publication Date: 2013/01/17
(45) Date de délivrance/lssue Date: 2016/02/16

(85) Entree phase nationale/National Entry: 2013/10/21

(86) N° demande PCT/PCT Application No.: US 2012/046301
(87) N° publication PCT/PCT Publication No.: 2013/00990/

(30) Priontes/Priorities: 2011/07/12 (US61/507,1195);
2011/10/06 (US13/267,875)

51) Cl.Int./Int.Cl. £29C 70/32(2006.01)

(72) Inventeur/Inventor:
MILLER, JEFFREY L., US

(73) Proprietaire/Owner:
THE BOEING COMPANY, US

(74) Agent: SMART & BIGGAR

54) Titre : SUPPORT ROTATIF POUR MANDRIN
(54) Title: ROTARY MANDREL TOOL SUPPORT

120

110—/

(57) Abrégée/Abstract:

A method for creating a layup of reinforcing fibers comprises mounting a face sheet to a spindle of a mandrel tool support, the face
sheet having a layup surface for the reinforcing fibers, and counterbalancing the mounted face sheet for stiffness and center of

balance.

SR SR VENEN

S TR

TR RN/
4

I*I ' . .'kib:»;. = e
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca oric B = sy L

OPIC - CIPO 191

AT R . 7 (0 AR 7
\;,:15\.;:21‘; R \‘QQ&\'-Q&Q'
! .\:‘\ -~-.-'.\".'f:'~,




w0 2013/009907 A2 |]H]0FI0A 00D AN AR 10 0 Y RV A T

CA 02833975 2013-10-21

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

[nternational Bureau e . o
% (10) International Publication Number
(43) International Publication Date ..v-"’/ WO 2013/009907 A2
17 January 2013 (17.01.2013) WIPO | PCT
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
B29C 70/32 (2006.01) kind of national protection available). AE, AG, AL, AM,
51y Tnt tional Aonolication Number- AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(21) International Application Number: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
PCT/US2012/046301 DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT, HN,
(22) International Filing Date: HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
11 July 2012 (11.07.2012) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
. MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(25) Filing Language: English OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
(26) Publication Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: . o
61/507.115 12 July 2011 (12.07.2011) US (84) Designated States (unless otherwise indicated, for every
13/267.875 6 October 2011 (06.10.2011) US kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(71) Applicant (for all designated States except US). THE UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
BOEING COMPANY [US/US]; 100 North Riverside TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
Plaza, Chicago, IL 60606-2016 (US). EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM
(72) Inventor; and > ’ > > 2 > T T T >
(79 Tnventor/Applicant or US oy MILLER, Jeffey L TR- OAPL (B, BI. CF, CG, CLCM, GA, GN. GQ. GW.
[US/US]; 6023 Bayview Drive, Mukilteo, WA 98275 ’ T T B '
(US). Published:
(74) Agents: SATERMO, Eric K ¢t al.; The Boeing Company, —  without international search report and to be republished

PO Box 2515, MC 110-SD54, Seal Beach, CA 90740-
1515 (US).

(54) Title: ROTARY MANDREL TOOL SUPPORT

120

upon receipt of that report (Rule 48.2(g))

(57) Abstract: A method for creating a layup
of reinforcing fibers comprises mounting a face
sheet to a spindle of a mandrel tool support,
the face sheet having a layup surface for the re-
mmforcing fibers, and counterbalancing the
mounted face sheet for stiffness and center of
balance.



10

15

20

25

30

CA 02833975 2015-09-02

ROTARY MANDREL TOOL SUPPORT

BACKGROUND

Commercial aircraft may be damaged by bird strikes, ground handling equipment, debris,
hail and other unplanned events. These events can result in holes and tears 1n aircraft skin, and
damage to underlying stiffening substructure (e.g., frames, stiffeners and pad-ups). For instance,
an aircraft's nose cab section may be damaged by a bird strike, a lower lobe may be damaged due
to nose gear collapse, mid-section door surrounds may be damaged due to collisions with ground
handling equipment, an end section lower lobe may be damaged by a tail strike, etc.

It is important to repair a damaged aircraft and return it to service as quickly as possible.

Down time is very costly to an aircraft carrier, as an idle aircraft results in lost revenue.

Repair of a panelized aluminum aircraft is relatively straightforward. A damaged panel
and underlying substructure are removed from the aircraft and replaced. If panels are available,
the repair can be implemented relatively quickly.

Repair of composite commercial aircraft is not so straightforward, especially for large
area repairs of one-piece components. Consider a fuselage made up of several one-piece
composite barrel sections. Each barrel section includes skin, hoop frames, and stifteners (e.g.,
stringers). The stiffeners may be integrated with the skin (by co-curing during fabrication). The
hoop frames may be mechanically fastened to the skin. If a large area of a fuselage section
becomes damaged, removing and replacing the entire barrel section would be prohibitively
expensive, disruptive to production, and time consuming.

An infrastructure for large area repair of one-piece composite aircraft components 1S

needed.

SUMMARY
In accordance with one disclosed aspect there is provided a method for creating a layup
of reinforcing fibers. The method involves mounting a face sheet to a spindle of a mandrel tool
support, the face sheet having a layup surface for the reinforcing fibers, and counterbalancing the
mounted face sheet for stiffness and center of balance.
The mounting may involve fastening the face sheet to the spindle at attach points on the
spindle.

The counterbalancing may involve attaching weights with spacers to the spindle.
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The counterbalancing may further involve verifying balance conditions are satisfied to
ensure rotational equilibrium within capabilities of a machine that will deposit the reinforcing
fibers on the face sheet.

\ The spindle and attached face sheet may be counterbalanced on a mobile cart.

The method may involve adjusting length of the spindle prior to mounting the face sheet.

The method may involve rotating the mounted face sheet while depositing reinforcing
fibers on the layup surface.

The method may involve removing the spindle from the mandrel tool support atter part
layup and transporting the spindle, along with the mounted face sheet and layup, to a curing
section.

The method may involve removing the face sheet from the spindle, mounting a second
face sheet having a different layup configuration, and counterbalancing the second face sheet.

A plurality of face sheets having different layup configurations may be serially mounted
to the spindle, counterbalanced and used for composite part fabrication.

The parts include composite replacement panels for aircratt.

In accordance with another disclosed aspect there i1s provided a method that involves
forming different layups of reinforcing fibers using a single spindle of a mandrel tool support,
where forming each layup involves mounting a corresponding face sheet to the spindle, and
counterbalancing the mounted face sheet.

The method may involve rotating the spindle while depositing the reinforcing fibers on
the face sheet.

The method may involve removing the spindle from the mandrel tool support atter part
layup and transporting the spindle, along with the mounted face sheet and layup, to a curing
section.

The counterbalancing includes attaching weights with spacers to the spindle, and
verifying balance conditions are satisfied to ensure rotational equilibrium within capabilities of a
machine that will deposit reinforcing fibers on the tace sheet.

In accordance with another disclosed aspect there 1s provided apparatus for creating
different layups of composite material. The apparatus includes a spindle having attach points, a

plurality of face sheets having different layout configurations, each face sheet mechanically
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fastenable to the attach points, and provisions for counterbalancing a face sheet mechanically
fastened to the spindie.

The spindie may have a variable length.

The apparatus may include a machine for depositing reinforcing fibers on the layup
surface of the face sheet mounted to the spindle.

The counterbalancing provisions may include weights and spacers.

The apparatus may include a headstock and tailstock for supporting and rotating the

spindle, and the spindle may be removable from the headstock and the tailstock.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1 and 2 are illustrations of different face sheets mounted to a spindle of a rotary
mandrel tool support.

Figures 3a and 3b are 1llustrations of a spindle with counterbalancing.

Figure 4 is an 1llustration of a cart for supporting the spindle during counterbalancing.

Figure 5 1s an illustration of an example of a rotary mandrel tool support.

Figure 6 is an illustration of a method of using the mandrel tool support to fabricate a
composite part.

Figure 7 1s an 1llustration of an aircraft including a composite fuselage.

Figure 8 1s an illustration of skin and underlying stiffening substructure of a composite
barrel section of the fuselage.

Figure 9 1s an illustration of a damaged area of a one-piece fuselage barrel.

Figure 10 is an illustration of a replacement panel that 1s attached to a skin panel via a

bolted splice.

Figure 11 is an illustration of a method for repairing a damaged one-piece composite

component of an aircratft.
DETAILED DESCRIPTION

A rotary mandrel tool support may be used to manufacture composite parts made of
layers or plies of reinforcing fibers embedded in a matrix. One example of a composite is carbon
fiber reinforced plastic (CFRP), where the constituents include carbon fibers embedded 1n an
epoxy matrix. During manufacture, the support is used to rotate a mandrel tool, while reinforcing

fibers are deposited on a layup surface of the mandrel tool. The fibers may be deposited by an
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automated tape laying (ATL) or automated fiber placement (AFP) machine, or they may be
deposited manually. Full fabric plies may also be incorporated into the layup. These full plies
may be placed manually or automatically. For example, the layup may include an initial fabric

ply and final fabric ply.
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A mandrel tool herein includes a face sheet, which provides the layup surface. The face
sheet may have integral stiffening through its thickness, or 1t may have a backing support for
stiffening. The face sheet may be metallic (e.g. invar, steel, aluminum), or composite, or a
hybrid.

Reference 18 now made to Figure 1, which 1illustrates a rotary support 110 including a
spindle 120. The spindle 120 1s rotatable about 1ts longitudinal axis (L). The spindle 120 1s not
limited to any particular gecometry. Examples of spindle geometries include but are not limited
to cylinders, rectangular prisms, and prisms having non-rectangular cross—sections.

The spindle 120 has attach points 130 for mounting a range of tooling face sheets 140.
Difterent face sheets 140 may have different diameters, lengths, layup surface contours, arc
lengths, radii, weight, etc.

Two attachment points 130 are 1llustrated in Figure 1. Additional pairs of attachment
points 130 may be provided along the length of the spindle 120.

The face sheet 140 shown 1n Figure 1 has roughly the same diameter as the spindle 120. It
may be mounted directly to the spindle 120. For example, the spindle 1s three feet in diameter,
and the effective diameter of the face sheet 1s four feet in diameter, with five inches of stiffening
structure on the face sheet 140. In this example, the face sheet 140 may be directly attached to
the spindle 120.

Figure 2 shows a face sheet 240 having a larger diameter than the spindle 120. An adapter
substructure 250 18 used to mount the face sheet 240 to the attach points 130 on the spindle 120.
The adapter substructure 250 may include elements such as plates or tubes, which are sized
according to the spindle diameter and relative diameter of face sheet 140.

The face sheet 140 1s 1n the appropriate orientation for rotary-type automated fiber
placement or tape laydown operations. The face sheet 140 may be spaced apart from the spindle
120. Generally, for a cylindrical or round geometry, the face sheet 140 will be at the same
centerline distance from the center of the spindle 120 as 1ts radius to facilitate machine motion.
The face sheet140 will be spaced apart from the spindle 120 1f 1t 1s larger than the outer surface
of the spindle 110.

In some embodiments, the attach points 130 may include tabs with through holes, or tabs
with tapped holes on the spindle 120. The face sheet 140 may utilize a similar set of attach
points or tabs can be directly fastened (mechanically, for example, by bolts or pins) to the

spindle 120. The mechanical fastening allows the face sheet 140 to be casily attached to and
_3_
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removed from the spindle 140.

Reference 18 now made to Figures 3a and 3b. The rotary support 110 further includes an
adjustable counterbalance system for adjusting stiffness and support balance requirements (¢.g.,
center of mass) to accommodate the mounted face sheet. Counterbalance weights 310 may be
added to and removed from the spindle 120 via attach plates 320. Spacers 330 may be located
between the weights 310 and attach plates 320. The spacers 330 may be used to increase the
distance of the weights 310 from the center of the spindle 120 for additional moment.
Considerations for counterbalancing include tool/layup weight, spindle length, location of the
face sheet on the spindle 120, and spindle deflection.

Prior to performing the counterbalancing, the center of mass of the face sheet 240 and the
adapter substructure 250 (shown in phantom in Figure 3b) may be determined. The center of
mass may be determined with computer aided design (CAD) software. A center of mass may
then be calculated for the weights 310, plates 320, and spacers 330. From these calculations, the
amounts and locations of the weights 310, plates 320 and spacers 330 may be estimated.

There are several ways of supporting the spindle 120 while the counterbalancing 1s being
performed. As one example, the spindle 120 1s rotated between a headstock and tailstock of an
ATL or AFP machine. The positions of the weights 310 are adjusted so rotation of the spindle
120 can be 1nitiated with minimal force and the spindle 120 can thereafter spin freely without
imbalance. Balance conditions are verified to ensure rotational equilibrium within capabilities of
the ATL or AFP machine.

Reference 1s now made to Figure 4, which illustrates a second example: the spindle 120 18
supported by a cart 410 while the counterbalancing 1s performed. The cart 410 includes a
headstock 420 and tailstock 430 for rotating the spindle 120 during counterbalancing. The cart
410 offers several advantages, which will be described below.

Reference 1s now made to Figure 5, which 1llustrates an embodiment of a rotary support
510 that 1s supported by headstock 520, tailstock 530 of an AFP machine. The rotary support
510 1ncludes a spindle 550, which may be removably mounted to rotating face plates 540 by
bolted attachment plates 560. The headstock 520 and tailstock 530 support the weight of the
spindle 120, the mounted face sheet 500, counterbalance weights (not shown), and reinforcing
fibers applied by the AFP machine. The headstock 520 and the tailstock 530 also provide the
necessary torque to rotate the spindle 550.

The spindle 550 may have a length adjustment mechanism 570 for varying spindle length.
_4_
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For example, the length adjustment mechanism 570 may include a telescoping mechanism, or 1t
may 1nclude spacers or segments that are added or removed to achieve a desired length. The
spindle length may be adjusted to accommodate face sheets of different lengths, depending on
the size of the work envelope (1.¢., distance between the headstock 520 and the tailstock 530). In
some embodiments, the AFP work envelope may range from approximately 10 feet to 50 feet.

In some embodiments, a spindle herein does not have a length adjustment mechanism.
Instead, the spindle may be fixed at a maximum length that depends upon the AFP work
envelope.

In some embodiments, the spindle 550 may be readily removed and re-installed with a
stmple mechanism to pickup up center of rotation of the rotating faceplates 540. In some
embodiments, the spindle 550 may be lifted from above with an overhead crane (¢.g., ceiling
crane, portable gantry crane, j1b crane) or with a spreader bar (for a single or point lift or a dual
point at the ends). In other embodiments, the spindle 550 may be lifted from below with a dolly
or cart capable of performing the load transfer.

A rotary support herein allows a single spindle to be used for a range of different face
sheets. The different face sheets, 1in turn, allow for a range of layup sizes. For instance, the
layups may range from 3ft x 3ft to upwards of 421t x 20ft. Advantageously, a layup of different
s1izes and/or contour may be created by simply replacing a face sheet and performing
counterbalancing for stiffness and center of mass to satisfy machine balance requirements.

Figure 6 18 an 1llustration of a method of using the rotary mandrel tool to create different
composite layups. At block 610, length of the spindle 1s adjusted. At block 620, a face sheet 18
mounted to the spindle via attach points.

At block 630, the face sheet 1s counterbalanced for stiffness and center of balance to satisty
balance requirements of the support with respect to the machine that deposits the reinforcing
fibers. Consider an AFP machine. Typical natural frequencies of the total rotating assembly
(including spindle, spacers and the mounted faced sheet) may be approximately 2-8 Hz. The
minimum required natural frequency 1s typically provided by the AFP manufacturer. Typical
AFP rotation speeds may be between 3-9 rpm, relatively slow, but depending diameter,
providing surface motion approximately between 50 — 5000 inch/min, with AFP laydown
typically less than 3000 inch/min. The total weight of the assembly (spindle, attachment, counter
balance, face sheet) falls within the allowable limits of the AFP machine (e.g. 50,000 — 200,000

Ibs).
_5_
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The counterbalancing provides proper balance to match the torque capabilitics of the AFP
machine. An unbalanced tool may be difficult to position accurately and cause motor tuning
challenges or undesirable vibration during rotation. The counterbalance adjustments are
performed to balance the tool about 1ts center to minimize vibration and operate within the limats
of the AFP machine.

The counterbalancing also provides proper stiffness to minimize deflection of the total
rotating assembly (including the spindle, spacers and mounted face sheet). Insufficient stiffness
may cause positioning errors during tow placement. For instance, insufficient stiffness may
result 1n sag with maximum deflection expected toward the midpoint of the spindie.

At block 640, composite material for a composite part 1s laid up on the layup surface of the
face sheet as the face sheet 1s rotated. The fiber layup may be performed automatically (for
example, by AFP or ATL) or manually. Caul plates may then placed on the part layup. For
typical automated fiber placement material, typical material widths of 1/8", 1/4", and ’2” may be
used. For hand layup and automated tape layup, wider tapes of 37, 67, and 12" may be used.
Machines that perform automated layup may be dedicated machines or by end effectors that are
moved by end effector positioning systems

At block 650, the layup 1s bagged, and moved to a curing section. In some embodiments,
the layup may be bagged to the face sheet, the spindle may be removed from the headstock and
tailstock, and the entire spindle and face sheet may be moved into an autoclave or oven for cure.
The spindle may be removed by a separate support fixture such as the cart 410. The cart 410 can
withstand autoclave temperatures and pressures.

In other embodiments, the face sheet may be dismounted from the spindle, the layup may
be bagged to the face sheet, and the face sheet 1s moved to the curing section. The face sheet may
be transported by an autoclave-rated dolly or table.

At block 660, the composite material for the part 1s cured in the curing section. As
examples, the cure may be autoclave cure, oven cure, or out of autoclave cure (depending on the
composite material system selected for the part). At block 670, machining (¢.g., trimming and
drilling) of the cured part 1s performed.

At block 680, following trimming and drilling, the finished part 1s removed from the face
sheet. A relatively large part may be removed with a lifting fixture. The finished part 1s placed
on an NDI fixture to enable ultrasonic inspection.

At block 690, the face sheet 1s removed from the spindle, and a face sheet for the new part
_6—
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1s mounted to the spindle (block 620). The functions at blocks 630 to 680 are repeated to
fabricate the new part.

A rotary support herein 18 especially useful for repairing a new class of commercial
aircraft. This new class of aircraft includes large one-piece sections made of composite material

Reference 18 made to Figure 7, which illustrates an example of a composite aircraft 700.
The aircraft 700 generally includes a fuselage 710, wing assemblies 720, and empennage 730.
One or more propulsion units 740 are coupled to the fuselage 710, wing assemblies 720 or other
portions of the aircraft 700. Landing gear assemblies 750 are coupled to the fuselage 710.

In some embodiments, the entire fuselage 710 may be made of a single one-piece
composite section. In other embodiments, the fuselage 710 may be formed by multiple one-
piece composite sections. In the example illustrated in Figure 7, the fuselage 710 1s formed from
SIX one-piece composite barrel sections: a nose cab section (section 41), three mid sections
(sections 43, 44 and 46), and end sections (section 47 and 48).

Passenger and cargo doors 760 are formed 1n all sections. Thus, all sections are
susceptible to damage from ground handling equipment. All sections are also susceptible to
damage from ground debris. The nose cab section 1s also susceptible to damage from bird
strikes, which are high energy impacts. A lower lobe of the nose cab section 1s susceptible to
damage due to nose gear collapse. A lower lobe of the end section 1s susceptible to damage by
tail strikes.

Reference 1s now made to Figures 8 and 9, which 1llustrate a randomly damaged arca 910
of the fuselage 710. In addition to damage to the skin 810, the underlying integrated stiffening
substructure 820 may also be damaged. The stiffening substructure may include longitudinally-
extending stringers 820, which are co-cured with the skin 810.

In a large commercial aircraft, it 1s far more desirable to replace the damaged area than
replace an entire one-piece barrel. Still, the damaged area will usually be random. That 1s, the
location, exact size, and extent of the damage may vary from incident to incident. Consequently,
a pre-fabricated panel might not fit well, or at all, into a damaged area.

Advantageously, a rotary support herein may be used to fabricate panels that are
customized to replace the damaged arca. The only structure that changes from replacement
panel to replacement panel 1s the face sheet. For each new configuration of a panel, only a face
sheet 1s fabricated. The face sheet 1s then mounted to the rotary support and counterbalanced.

Fabrication speed and cost 1s reduced because only a face sheet need be attached and
7
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counterbalanced. Cost 15 also reduced because, unlike conventional supports, the spindles are
not integrated with the mandrel tools and, therefore, may be reused. A standard-sized support or
even oversized support may accommodate a wide range of face sheet sizes. Replacement panels
will vary 1n s1ize. They may be larger than a 42°x20° replacement panel, or no larger than a 3°x3°
replacement panel.

Reference 1s made to Figure 10, which 1llustrates a replacement panel 1010 that 1s attached
to a skin panel 1020 via a bolted splice. The bolted splice includes a doubler 1030 that 1s
attached to both the replacement panel 1010 and the skin panel 1020 by bolts 1040. Non-
structural filler 1050 may be used to fill gaps between the doubler 1030 and the replacement
panel 1010 or skin panel 1020. The splices generally have circumferential, longitudinal, and
corner configurations. A rotary support herein may be used to fabricate the doublers 1030 and
fillers 1050.

Reference 1s now made to Figure 11, which illustrates a method of using a rotary support
herein to create custom one-piece composite replacement panels for different damaged arcas of
an aircraft. At block 1110, a design 1s recerved for each customized composite replacement
panecl. Each design may include a detail panel definition for skin and integrated stiffening
substructure. This may include creating a detail panel definition based on skin and substructure
that were originally used in the section, and modifying the original panel definition so the
replacement panel can replace the damaged arca and match the contour of the damaged area.
Creating the panel definition includes creating an engineering geometry including ply
boundaries, stacking sequence, fiber composition and orientations, and tape widths within each
boundary.

The design may also includes a detail panel definition for mechanical fastening elements
(c.g., splice doublers and fillers), which will be used to mechanically fasten the replacement
panel to the aircraft. Since the exact location of the damaged material and the exact extent of the
damage 1s random and unpredictable, the splice joint configuration and details for the repair are
likely not to exist and need to be created. The number of detail panels depends on size and
complexity of the repair. In a complex repair, for instance, dozens of splice doublers and
thousands of fasteners might be involved. This phase of design 1s unique to the damage.

At block 1120, face sheets for the replacement panel layups are obtained. In some
instances, some or all of the face sheets may be fabricated according to the designs. In other

instances, some or all of the face sheets may be excised from tagged production tools or
_8_
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defective production tools. Portions of the tagged tools may be cut away, and those portions are
used as face sheets.

At block 1130, a face sheet 1s mounted to the spindle and counterbalanced, and the rotary
support 1s used to fabricate the replacement panel. The panel fabrication includes part layup,
curing, machining, ¢tc. Nondestructive imnspection may be performed.

At block 1140, 1f an additional part having a different configuration 1s to be fabricated, the
face sheet 1s removed from the spindle. Another face sheet 1s mounted and counterbalanced, and

the additional panel 1s fabricated (block 1130).
At block 1150, the replacement panels are shipped to a repair facility. There, the

replacement panels are installed in the damaged aircraft.



10

15

20

25

CA 02833975 2015-09-02

THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

A method for creating a layup of reinforcing fibers, the method comprising:

mounting a face sheet to a spindle of a mandrel tool support, the face sheet having

a layup surface for the reinforcing fibers; and
counterbalancing the mounted face sheet for stiffness and center of balance.

The method of claim 1, wherein the mounting includes fastening the face sheet to the

spindie at attach points on the spindle.

The method of either claim 1 or 2, wherein the counterbalancing includes attaching

weights with spacers to the spindle.

The method of claim 3, wherein the counterbalancing further includes verifying balance
conditions are satisfied to ensure rotational equilibrium within capabilities of a machine

that will deposit the reinforcing fibers on the face sheet.

The method of any one of claims 1 - 4, wherein the spindle and attached face sheet are

counterbalanced on a mobile cart.

The method of any one of claims 1 - 5, further comprising adjusting length of the spindle

prior to mounting the face sheet.

The method of any one of claims 1 - 6, further comprising rotating the mounted face sheet

while depositing reinforcing fibers on the layup surface.

The method of claim 7, further comprising removing the spindle from the mandrel tool
support after part layup and transporting the spindle, along with the mounted face sheet and

layup, to a curing section.

The method of either claim 7 or 8, further comprising removing the face sheet from the
spindle, mounting a second face sheet having a different layup configuration; and

counterbalancing the second face sheet.

- 10 -
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The method of any one of claims 1 - 9, wherein a plurality of face sheets having different
layup configurations are serially mounted to the spindle, counterbalanced and used for

composite part fabrication.

The method of claim 10, wherein the parts include composite replacement panels for

aircraft.

A method comprising forming different layups of reinforcing fibers using a single spindle
of a mandrel tool support, wherein forming each layup includes mounting a corresponding

tface sheet to the spindle, and counterbalancing the mounted face sheet.

The method of claim 12, further comprising rotating the spindle while depositing the

reinforcing fibers on the face sheet.

The method of claim 13, further comprising removing the spindle from the mandrel tool
suppotrt after part layup and transporting the spindle, along with the mounted face sheet and

layup, to a curing section.

The method of any of claims 12 — 14, wherein the counterbalancing includes attaching
weights with spacers to the spindle; and verifying balance conditions are satisfied to ensure
rotational equilibrium within capabilities of a machine that will deposit reinforcing fibers

on the face sheet.
Apparatus for creating different layups of composite material, the apparatus comprising:
a spindle having attach points;

a plurality of face sheets having different layout configurations, c¢ach face sheet

mechanically fastenable to the attach points; and

means for counterbalancing a face sheet that is mechanically fastened to the

spindle.

-17 -
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The apparatus of claim 16, wherein the spindle has a variable length.

The apparatus of either claim 16 or 17, further comprising a machine for depositing

reinforcing fibers on the layup surface of the face sheet mounted to the spindle.

The apparatus of any of claims 16 — 18, wherein the counterbalancing means includes

weights and spacers.

The apparatus of any of claims 16 — 19, further comprising a headstock and tailstock tfor

supporting and rotating the spindle, wherein the spindle is removable from the headstock

and the tailstock.
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FIG. 6
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FIG. 11
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