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ABSTRACT

Jr—

A method and apparatus for forming a bend 1n composilte

panel. A method for forming a bend in a composite panel

comprises forming a slot having a curved flange 1n the

composite panel, inserting a sheet 1nto the curved flange,

and bending the composite panel with the slot and the sheet

within the curved flange about a longitudinal axis of the

-

slot to form the bend.
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BENDS IN COMPOSITE PANELS

BACKGROUND INFORMATION

1. Field:

The present disclosure relates generally to aircraft

and, 1n particular, to manufacturing components for an

aircratt. Still more particularly, the present disclosure

relates to a method and apparatus for creating bends 1in

composlite panels for an alircraft.

2. Background.:

Aircraft are being designed and manufactured with

.

greater and greater percentages of composite materials.

some aircraft may have more than fifty percent of its

primary structure made from composite materials. Composite

materials may be used 1n an aircraft to decrease the weight

—

of the aircraft. This decreased weight may improve pavyload

S

o

capacitles and fuel efficiencies. Further, composite

ﬁ

materials may provide longer service life for various

components 1n an alrcraft.

Composite materials may be tough, light-weight

materials, created by combining two or more dissimilar

components. For example, without limitation, a composite
may 1nclude fibers and resins. The fibers and resins may be
comblned to form a cured composite material. By using

—

composite materials, portions of an aircraft may be created

1n larger pileces or sections. For example, a fuselage in an

alrcraft may be created in cylindrical sections that may be

r—

put together to form the fuselage of the aircraft. Other

examples may 1nclude, wilthout limitation, wing sections

joined to form a wing or stabilizer sections joined to form

a stabilizer.
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gr—

Further, interior components of the aircraft also may

be made from composite materials. For example, composite

panels may be used, without limitation, 1n floor panels,

lavatories, walls, closets, dividers between seating

sections, and headers above doorways 1n an ailrcraft. In the

interior of an aircraft, the composite panels may have an

angled shape. This angled shape 1s also referred to as a

-

bend, and may be created by the i1ntersection of two separate

composite panels. In other examples, the angled shape may
be created from a single panel.

Currently, a composite panel, 1n which an angled shape
is desired, may be bent to form the angled shape. This
angled shape may be, for example, without limitation, an L-
shape or about a ninety degree angle. The composite panel
may be laid up on a mold or other sultable tool 1n the bent

or angled shape. This composite material may then be cured

to form the composite panel with the angled shape. This

type of process, however, may require a separate mold or

other suitable tool for each particular part.

Having a mold or other suitable tool for each

g

configuration of a composite panel may be costly and

complex. Also, 1f the location or angle of a bend changes

for a composite panel, a new mold or other suitable tool may

be used to create the composite panel with the change. This

change requires additional time and cost.

Accordingly, there 1s a need for a method and apparatus
for reducing the complexity needed to create composite

panels wlith a bend, which overcomes the problems discussed

above. Fmbodiments of the disclosure are intended to

satisfy this need.

SUMMARY

In one illustrative embodiment, a method for forming a

bend in a composite panel 1s presented. The method
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comprises formling a slot having a curved flange 1n the

composlite panel, 1nserting a sheet 1nto the curved flange,

and bending the composite panel with the slot and the sheet

within the curved flange about a longitudinal axis of the
slot to form the bend.

Another 1llustrative embodiment of the present
disclosure presents an apparatus. The apparatus comprises a

first layer, a tiller laver, and a second laver. A slot

having a curved flange 1s present within the first layer and

the filler layer. A sheet 1s positioned in the curved

flange of the slot.

In yet another 1llustrative embodiment, a method for

forming a bend 1n a composite panel 1s presented. The

method comprises forming a slot having a curved flange 1n

the composite panel, 1nserting a sheet i1into the curved

flange, and bending the composite panel with the slot and

the sheet within the curved flange about a longitudinal axis

y—

of the slot to form the bend. The composite panel comprises

a filler layer between a first composite layer and a second

composite layer, the slot having a bend slot width and the
curved flange having a bend allowance width larger than the
pbend slot width, 1in which forming the slot comprises cutting
the slot with a tool, and in which the tool is a cutter

having a shape corresponding to the bend allowance width and

the bend slot width. The sheet comprises cured fiberglass

and a decorative material adhered to the cured fiberglass,

e

the decorative material comprising at least one of a desired

texture or a desired color. The bend slot width is

configured such that edges of the first composite lavyer

contact the sheet after bending the composite panel to form

the bend.

In a further 1llustrative embodiment, an apparatus 1is

presented. The apparatus comprises a first layer, a filler

layer, a second layer, a sheet, and a bending tool. A slot
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having a curved flange 1s present within the first layer and

the filler layer, wherein the first layer, the filler laver,

and the second layer form a composite panel. The slot has a

bend slot width and the curved flange has a bend allowance

width larger than the bend slot width. The sheet 1s

positioned 1n the curved flange of the slot, the sheet

comprising cured filberglass and a decorative material

adhered to the cured fiberglass, the decorative material

comprisling at least one of a deslred texture or a desired

color. The bending tool i1s configured to bend the composite

panel with the slot having a curved flange to form a bend 1in

the composite panel, in which the bend slot width 1is

configured such that the edges of a first composite lavyer

contact the sheet after bending the composite panel to form

the bend.

i

In summary, according to one aspect of the 1nvention

there 1s provided a method for forming a bend in a composite
panel, the method i1ncluding forming a slot having a curved

iange 1n the composite panel; inserting a sheet into the

curved flange; and bending the composite panel with the slot

and the sheet within the curved flange about a longitudinal

-

axls of the slot to form the bend.

Advantageously the curved flange has a bend allowance

width larger than a bend slot width.

Advantageously the forming step 1ncludes cutting the
slot with a tool, wherein the tool i1is a cutter having a
shape corresponding to the bend allowance width and the bend

slot width.

Advantageously the sheet comprises a fiber reinforced

material.
Advantageously the sheet comprises cured fiberglass.

Advantageously the sheet further comprises a material

adhered to the cured fiberglass comprising at least one of a

desired color or a desired texture.
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Advantageously the bend slot width 1is:

BS > BA - 2K(R - T) wherein BS 1s the bend slot width,

BA 1s the bend allowance width, R is a corner radius, K 1is

Tan(A/2), A is a bend angle,

composlite panel.

and T 1s a thickness of the

Advantageously the composite panel comprises a filler

layer between a first composite layer and a second composite

layer.

Advantageously the slot 1s

p—

formed 1in

composite layer and the filler layer.

Advantageously the bend slot

that edges of the

after bending the composite panel to form

the first

width 1s configured such

first composite layer contact the sheet

the bend.

Advantageously the bend slot width 1s configured such

that edges of the

contacting each other after bending the

form the bend.

Advantageous'y the filler layer 1s a

Advantageously the compcsite panel

t.

part for an alrcra:

first composite layer are prevented from

composlite panel to

hOneycombed panel.

with the bend 1s a

According to another aspect of the i1nvention there 1is

e

provided an apparatus 1ncluding a filrst layer; a filler

layer; a second laver,

1n which a slot having a curved

flange 1s present within the first layer and the filler

layer; and a sheet positioned 1n the curved flange of the

slot.

Advantageously the first layer is a

first composite

layer and the second layer 1s a second composite layer.

Advantageously the first layer, the filler layer, and

the second layer form a composite panel.

Advantageously the apparatus further includes a bending

tool configqured to bend the composite panel with the slot

having the curved

panel.

“lange to form a bend in the composite



10

12

20

2D

30

CA 02859486 2016-04-06

Advantageously the slot having the curved flange has a

bend allowance width larger than a bend slot width.

Advantageously the bend slot width is: BS > BA - 2K(R -

T) wherein BS 1s the bend slot width, BA 1s the bend

allowance width, R 1s a corner radius, K is Tan(A/2), A is a

bend angle, and T 1s a thickness ©of the composite panel.

Advantageously the bend slot width 1s configured such

that edges of a first composite layer contact the sheet

after bending the composite panel to form the bend.

Advantageously the bend slot width 1s configured such

that edées of a first composite layer are prevented from

contacting each other after bending the composite panel to

form the bend.

According to yet another aspect of the invention there

1s provided a method for forming a bend 1n a composite

panel, the method including forming a slot having a curved

flange 1n the composite panel, 1n which the composite panel

comprises a filler layer between a first composlite layer and

a second composite iayer, the slot having a bend slot width

1)

and the curved flange having a bend allowance width larger
than the bend slot width, i1n which forming the slot |
comprises cutting the slot with a tool, 1in which the tool 1is
a cutter having a shape corresponding to the bend allowance

wldth and the bend slot width; inserting a sheet 1nto the

curved flange, the sheet comprising cured fiberglass and a

decorative material adhered to the cured fiberglass, the

decorative material comprising at least one of a desired

texture or a desired color; and bending the composite panel

with the slot and the sheet within the curved flange about a

longitudinal axis of the slot to form the bend, 1n which the

bend slot width is configured such that edges of the first

composite layer contact the sheet after bending the

composite panel to form the bend.
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-y

According to yet another aspect of the invention there

is provided an apparatus 1ncluding a first layer; a filler

layer; a second layer, 1n which a slot having a curved

flange 1s present within the first layer and the filler

layer, in which the first layer, the filler layer, and the

second layer form a composite panel, the slot having a bend

slot width and the curved flange having a bend allowance

width larger than the bend slot width; a sheet positioned 1in

F

the curved flange of the slot, the sheet comprising cured

fiberglass and a decorative material adhered to the cured

fiberglass, the decorative material comprilising at least one

of a desired texture or a desired color; and a bending tool

configured to bend the composite panel with the slot having

the curved flange to form a bend 1n the composite panel, 1in

which the bend slot width 1is configured such that edges of a

first composite layer contact the sheet after bending the

composlte panel to form the bend.

According to yet another aspect of the 1nvention there

is provided a method for forming a bend 1n a composite

panel, wherein the composite panel comprises a filler layer

between a first composite layer and a second composite

layer, the method comprising: forming a slot having a curved

flange in the composite panel; inserting a sheet into the

curved flange; and bending the composlite panel with the slot

and the sheet within the curved flange about a longitudinal

axls of the slot to form the bend, wherein the curved flange

has a bend allowance width larger than a bend slot width and

wherein the bend slot width is confligured such that edges of

the first composite layer are prevented from containing each

other after bending the composite panel to form the bend.
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According to yet another aspect of the invention there

1s provided an apparatus comprising: a first composite

layer; a filler layer; a second composite layer, 1n which a

slot having a curved flange 1s pres

layer and the fill

er laver, and whe

filler layer, and

the second layer

ent within the first

rein the first layer, the

form a composite panel;

and a sheet positioned 1n the curved flange of the slot,

wherein the slot having the curved

flange has a bend

allowance width larger than a bend slot width, and wherein

the bend slot width 1s configured s

first composite l&

yer are prevented

uch that edges of the

from contacting each

other after bending the composite panel to form the bend.

According to yet another aspect of the i1nvention there

1s provided a method

panel, the method

comprising: formi

surface of the composite panel, the

flange; a first width at the first

for forming a bend 1n a composite

ng a slot 1n a first
slot having: a curved

surface; and a second

wldth proximal to a second surface, wherein the second width

1s greater than the first width; 1in

serting a sheet into the

curved flange; and bending the composite panel with the slot

and the sheet within the curved fla

F

axls of the slot to form the bend,

nge about a longitudinal

wherein the first width

e

1s large enough that edges of the slot are prevented from

contacting each other after bending

form the bend.

The features,

functions, and a

the composite panel to

dvantages can be achieved

independently 1n various embodiments of the present

disclosure or may pbe combined 1n yet other embodiments 1in

which further details can be seen w

following description and drawlings.

1th reference to the

BRIEF DESCRIPTION OF THE DRAWINGS

7a
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—

The novel features believed characteristic of the

11llustrative embodiments are set forth in the appended

claims. The 1llustrative embodiments, however, as well as a

preferred mode of use, further objectives and advantages

r&r

thereof, will best be understood by reference to the

—

following detailed description of an i1llustrative embodiment

of the present disclosure when read 1n conjunction with the

accompanying drawlngs, wherein:

(-
jpr—

Figure 1 1s an illustration of a block diagram of a

composite panel forming environment 1n accordance with an

1llustrative embodiment;

Figure 2 1s an illustration of a cutter 1n accordance

with an 1llustrative embodiment;

Figure 3 1s an 1llustration of a cross-sectional view

of a composite panel 1n accordance with an 1llustrative

embodiment;
Figure 4 1s an 1illustration of a slot in accordance

with an 1llustrative embodiment;

Figure 5 1s an 1llustration of a top view of a

composlte panel 1n accordance with an illustrative

embodiment ;

Figure 6 1s an 1llustration of a slot with a sheet in

accordance with an illustrative embodiment :;

Figure 7 1s an 1llustration of a composite panel in a

bent configuration 1n accordance with an illustrative

embodiment;

Figure 8 1s an 1llustration of a flowchart of a process

for forming a bend 1n a composite panel 1n accordance with

an 1llustrative embodiment;

f“

Figure 9 1s an 1i1llustration of a flowchart of a process

for forming a bend 1n a composite panel 1n accordance with

an l1llustrative embodiment;
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g—

Figure 10 1s an i1llustration of a block diagram of an

aircraft manufacturing and service method in whilch an

illustrative embodiment may be 1mplemented; and

—

Figure 11 1s an 1llustration of a block diagram of an

)

alrcraft 1n accordance wilith an 1llustrative embodiment.

DETAILED DESCRIPTION

The 1llustrative embodiments recognize and take 1nto

account one or more different considerations. For example,

the illustrative embodiments recognize and take 1nto account

that traditional bends may have limitations on bend angles.

For example, 1t may be undesirable to have a filler layer

exposed 1in a bend. Accordingly, traditional bends may have

limitations on bend angles based upon the filler layer and

the face sheet thickness. Specifically, the outside bend

radius may be limited by the thickness of the filler layer

and the face sheet.

The illustrative embodiments recognize and take 1nto

account that the thickness of a composite panel may be

increased to 1ncrease the outside bend radius without

exposing the filler layer. However, 1ncreasing the

—

thickness of a composite panel may undesirably 1ncrease the

welght of the composite panel.

Further, the illustrative embodiments recognize and

take 1nto account that 1t may be deslrable to cover an

exposed filler layer. For example, 1t may be more
aesthetically pleasing to cover an exposed filler layer 1in a
bend. The 1llustrative embodiments also recognilize and take

———

into account that securing a cover over the bend of the

composite panel may undesirably add weight to a composite

i

panel of an aircraft. Specifically, the 1llustrative

embodiments recognize and take 1nto account that using

fasteners or adhesives to secure a cover over the bend of

the composite panel may undesirably increase the weight of
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the composite panel. The 1llustrative embodiments further
recognlze and take 1nto account that using fasteners or

adhesives may result in a bond having undesirable

durability.

Thus, the i1illustrative embodiments provide a method and

apparatus for forming a bend 1in a composite panel. The

method for forming a bend 1n a composlite panel comprises

forming a slot having a curved flange 1n the composite
panel, 1nserting a sheet 1nto the curved flange, and bending
the composite panel with the slot and the sheet, within the

-

curved flange, about a longitudinal axis of the slot to form

the bend.

With reference now to the figures and, 1n particular,

with reference to Figure 1, an 1llustration of a composite

panel forming environment 1s depicted 1n accordance with an

11llustrative embodiment. In this 1llustrative example,

composite panel forming environment 100 may be used to form

composite panel 101 having bend 114.

As depicted, composite panel forming environment 100

has composite panel 101, and composlte panel forming system
120. Composite panel 101 having bend 114 may be formed

using composite panel forming system 120. In this

illustrative example, composite panel forming system 120

includes slot forming tool 102 and bending tool 104.

In this example, slot forming tool 102 may 1nclude

cutter 106. Slot forming tool 102, with cutter 106, may be

used to cut slot 108 with curved flange 110 in composite

panel 101. Sheet 111 may be 1nserted i1into curved flange

110. Sheet 111 may be formed of desired material 113. In

some 1llustrative examples, desired material 113 may be

flexible enough to be bent i1nto bend 114. Further, desired

material 113 may be durable enough to withstand use on an

alrcraft without significant degradation. In some

1llustrative examples, sheet 111 may be a fiber reinforced

10
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material. In some illustrative examples, sheet 111 may be a
composite sheet which 1s already cured. In one illustrative
example, desired material 113 may be cured fiberglass. In

some other illustrative examples, desired material 113 may

comprise a polymeric material. Composite panel 101 with slot

108 and sheet 111 within curved flange 110 may then be bent

p—

about longitudinal axis 112 of slot 108 to form bend 114.

Longitudinal axis 112 runs through the length of slot 108.
Bend 114 has outside radius length 116 and angle 117. Sheet

111 may enable outside radius length 116 to be larger than

an outside radius limited by thickness 118 of composite

panel 101.

Bending tool 104 may not be required, 1in these
examples. Composite panel 101 may be bent into the desired
shape by hand, without any other tools. In some

empbodliments, bending tool 104 may be, for example, without

limitation, a computer or human controlled machine that

pends composite panel 101 into the desired shape for

assembly with other components. In another example, bending

tool 104 may be a mold on which composite panel 101 may be

pent for further processing.

In these examples, slot forming tool 102 may take

various forms. For example, without limitation, slot

forming tool 102 may be a computer numerical control (CNC)

F‘

router. A non-limiting example of a computer numerical

control that may be implemented as slot forming tool 102 may

be a Cincinnati Milacron 1-Access Computer Numerical Control

—

Router, which 1s availlable from MAG Cincinnati. Of course,

any numerical control (NC) or manual router capable of

cutting slot 108 may be used. In other non-limiting
examples, slot forming tool 102 may be implemented using a

handheld or hand controlled router.

In the different 1llustrative embodiments, slot 108

with curved flange 110 may be formed with cutter 106.

11
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Cutter 106 may have a shape for slot 108 with curved flange

110 such that movements of cutter 106 through composite

panel 101 form slot 108 with curved flange 110. In these

examples, composite panel 101 may already be cured.
The illustration of composite panel forming environment
100 in Figure 1 is not meant to imply physical or

architectural limitations to the manner 1in which an

illustrative embodiment may be implemented. Other components

in addition to or in place of the ones 1llustrated may Dbe

used. Some components may be unnecessary. Also, the blocks

are presented to i1llustrate some functional components. One

g

or more of these blocks may be combined, divided, or

combined and divided into different blocks when 1mplemented

in an i1llustrative embodiment. For example, without

limitation, composite panel forming environment 100 may

further include a composite panel manufacturing system.

This composite panel manufacturing system may be used to

manufacture composite panel 101 prior to bending composite

panel 101. Further, although not shown in Figure 1,

fr—
e

composite panel 101 may be formed of a first composite

layer, a filler lavyer, and a second composite layer.

-

Turning now to Figure 2, an 1illustration of cutter 200

is depicted in accordance with an illustrative embodilment.

Cutter 200 may be a physical embodiment of cutter 106 used

by slot forming tool 102 in Figure 1. In this example,

cutter 200 has shaft 202 and flanged end 204. Cutter 200

may be used to create a slot, such as slot 108 in Figure 1.

Shaft 202 may have thickness 208. Flanged end 204 may have

width 210. Width 210 of flanged end 204 may be used to form

.

a slot having a desirable width. Edge 206 of tflanged end

204 may have thickness 212 and width 214. In thils example,

F

the dimensions of cutter 200 may be used to process a

composite panel to form a bend as desired. Cutter 200 may

be made from different materials, such as, for example,

12
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without limitation, steel, aluminum composite, or any other

suiltable material. These and other dimensions provided in

P
P

the various 1llustrative embodiments are merely examples of

one 1mplementation. Other illustrative embodiments may use

other dimensions or parameters.

Turning now to Figure 3, an illustration of a cross-

F‘

sectlonal view of composite panel 300 is depicted in

accordance with an 1llustrative embodiment. In this

example, composite panel 300 may be a physical

f'

1mplementation of composite panel 101 in Figure 1.

Composite panel 300 may include composite layer 302, also

referred to as a first face sheet, filler laver 304, and

composite layer 306 or second face sheet.

Composite layer 302 may be formed from two composite

plies, plies 308 and 310. In a similar fashion, composite

layer 306 also may include two composite plies, ply 312 and

P

ply 314. The number of plies or sub-lavers that form

composite layer 302 and composite layer 306 may vary,
depending on the particular implementation. For example,
without limitation, 1n some implementations, one ply may be
used, while in other implementations three plies may be

.

used. The exact number of plies may vary, depending on at

gore—

least one of the particular uses or implementations.

= r7

As used herein, the phrase “at least one of,” when used

fr— g -

with a list of 1tems, means different combinations of one or

p——

more of the listed 1items may be used and only one of each

1tem 1n the list may be needed. For example, “at least one

of 1tem A, item B, or item C” may include, without

limitation, i1tem A, item A and item B, or item B. This

example also may i1nclude i1tem A, item B, and item C or item

B and 1item C. Of course, any combinations of these items

— 77

may be present. In other examples, “at least one of” may

N

be, for example, without limitation, two of item A, one of

e g g

1tem B, and ten of item C; four of item B and seven of item

13
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C; and other suitable combinations. The item may be a

particular object, thing, or a category. In other words, at

#

least one of means any compination of items and number of

ph—

-

—

1tems may be used from the list but not all of the items in

the list are required.

Composite layer 302 may be

fo

rmed of plies having a

P‘

numper of orientations. Examples of orientations include,

tor example, without l1imitation, p

ly directions of O

degrees, +/- 45 degrees, and 90 degrees; and ply directions

of 0 degrees, +/- 30 degrees, +/-

degrees.

00 degrees, and 90

In these examples, the materials that may be used in

composite layer 302 and composite layer 306 may take the

form of a resin pre-impregnated

!
——— a
—

bric. This type of fabric

also may be referred to as a pre-preg fabric. These types

of reinforcements may take the

roving, and unidirectional tape.

—

form of woven fabrics,

With this type of fabric,

the resin and curing agent may be impregnated into a

reinforcing fiber or material prior to layup. In these

particular examples, composite layer 302 and composite layer

306 may be, for example, without limitation, resin pre-

impregnated fabrics with polyester and fiberglass, phenolic

and fiberglass, epoxy and carbon

—
el

fiber, epoxy, fiberglass,

metallic, foil, screen, or any other suitable material.

t'iller layer 304 may be formed using a number of

different materials. For example,

R

-
——

without limitation,

nomex fibers, fiberglass, arimid, metallic, or other

pr—

sultable materials may be used

INORE

filler layer 304. 1In

-
.

these examples, filler layer 304 also may have a shape of a

honeycomb matrix to form a honeycombed panel. Filler layer

304 may provide a structure to create the thickness desired

for composite panel 300 without using heavy materials, such

as those that may be found in composite layer 302 and

composite layer 306. In some illustrative examples, filler
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layer 304 may also be called a core. In some illustrative

examples in which filler layer 304 has a shape of a

honeycomb matrix, filler layer 304 may be referred to as a

honeycomb core.

Filler layer 304 may provide composite panel 300 with a

strength equivalent to or greater than a solid laminate.

Filler layer 304 may provide composite panel 300 with a

welght lower than a solid laminate. In some illustrative

examples, separating composite layer 302 and composite lavyer

306 with filler layer 304 provides a desirable strength and

p—
o

a desirable weight. At least one of material of filler

-

layer 304 and shape of filler layer 304 may affect the

strength and weight of composite panel 300.

In this example, composite panel 300 has thickness 316.
Thickness 316 may be about one inch thick. Thickness 316 of
composite panel 300 may vary, depending on the particular

fre

1mplementation. Examples of ranges include, for example,

wlthout limitation, between about 0.375 inches to about 1.5

inches, or any other suitable range.

Composite panel 300 may be, 1n other examples, a range

from about 0.25 inches to about 2.5 inches thick. In these

examples, the radius bend may be up to about 3.4 times the

=

thickness of composite panel 300. With these ranges,

—

composlte panel 300 may have a bend radius of up to about

1.7 inches when composite panel 300 is about 0.5 inches

thick. When composite panel 300 is about 1 inch thick, this

panel may have a bend radilus of up to about 3.47 inches when

composite panel 300 is about 0.5 inches thick. These

’ﬁ

examples are merely for purposes of illustration and the

dimensions may vary as implementations vary.

With reference now to Figure 4, an illustration of slot

400 1s depicted in accordance with an illustrative

embodiment. In these examples, slot 400 may be formed after

curing composite panel 300. A tool, such as cutter 200 in
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300 1n Figure 3.

composite panel

pass of a tool,

composite panel

slot width 402

In thilis example, slot 400 may be formed within

300. Slot 400 may be formed in a single
such as cutter 200 in Figure 2, through

300 1n Figure 3. Slot 400 may have bend

along section 404. Thereafter, slot 400

widens 1n width to bend allowance width 406. The widening

of the width of

slot 400 1ncreases to form curved flange

408. 1In this particular example, bend allowance width 406

o
—

may have a width corresponding to the width of flanged end

204 in cutter 200 1n Figure 2.

#
p—

The dimensions of cutter 200 may be selected to form

ﬁ
—

slot 400 having desired dimensions. The dimensions of slot

400 may 1nfluence dimensions of a bend formed in composite

f

panel 300. Accordingly, the dimensions of cutter 200 may be

selected such that a bend 1n composite panel 300 having at

least one of a

length. Curve

desired angle and a desired outside radius

-

410 of surface 412 may be selected to form a

-

pend 1n composite panel 300 having at least one of a desired

angle and a desired outside radius length in conjunction

with bend slot

width 402. Curve 414 of surface 416 may be

selected to form a bend in composite panel 300 having at

least one of a

desired angle and a desired outside radius

length 1n conjunction with bend slot width 402.

Turning now to Figure 5, an illustration of a top view

ﬁ

of a composite

1llustrative embodiment. Specifically, a top view of

panel 1s depicted 1n accordance with an

p—

composite panel 300 is shown in the direction of line 5-5 in

Figure 4. As can be seen in this particular example, slot

400 may extend

p—

- composilte panel

"rom si1de 500 to side 502 o

300. In creating slot 400, a cutter tool, such as cutter

200 1n Figure 2, may be moved along composite panel 300 from

side 500 to side 502 to create slot 400. Dotted line 504
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and dotted line 506 may i1llustrate the locations of edges of

pbend allowance width 406, which 1s not visible in this view.

Slot 400 has longitudinal axis 508. As depicted,

longitudinal axis 508 may run the length of slot 400 from

side 500 to side 502. In some illustrative embodiments,

composite panel 300 may be bent about the longitudinal axis

508.

")

With reference now to Figure 6, an illustration of a

slot with a sheet 1s depicted in accordance with an

11llustrative embodiment. Specifically, a view of composite

panel 300 with a sheet within curved flange 408 of slot 400.

Sheet 602 may be a physical embodiment of sheet 111 of

ﬁ

Figure 1. Figure 6 1s a view 1in the direction of line 6-6,

1n Figure 5, which 1s also the view from Figure 3 and Figure

4.
Sheet 602 has thickness 604. As depicted, thickness

604 1s less than thickness 606 of slot 400 at the edge of
bend allowance width 406. Thickness 606 of slot 400 at the

ﬁ

edge of bend allowance width 406 may be formed by thickness

— —
b=

of edge 206 of flanged end 204 of Figure 2.

Figure 7 1s an 1llustration of a composite panel in a

pent configuration 1in accordance with an illustrative

embodiment. In these examples, composite panel 300 and

ﬁ

sheet 602 may be bent around longitudinal axis 508 of slot

400. A tool, such as bending tool 104 in Figure 1, may be
used to bend composite panel 300 and sheet 602.

In this example, composite panel 300 has bend 700.
Composite panel 300 may have angle 702. This angle may be

about ninety degrees, in this example. Angle 702, of

—

course, may vary, depending of the particular embodiment.

For example, angle 702 may be seventy-five degrees, eighty

degrees, one-hundred twenty degrees, or any other suitable

angle. As depicted, bend 700 extends from point 704 to

17



10

15

20

20

30

CA 02859486 2014-08-15

’-

point 706. Outside radius length 708 of bend 700 is the

distance from point 704 to point 706.

’-!

As depicted, the dimensions of slot 400 affect at least

one of angle 702 and outside radius length 708. The

fo— g

dimensions of cutter 200 in Figure 2 affect the dimensions

of slot 400. Accordingly, the dimensions of cutter 200 may

be selected to form bend 700 having outside radius length

708. The dimensions of cutter 200 may be selected to form

angle 702. By changing dimensions of cutter 200, at least
one of outside radius length 708 and angle 702 of bend 700
may be changed. As deplcted, sheet 602 and composite layer

302 form 1nner surface 710 of bend 700.

Bend slot width 402 of slot 400 from Figures 4-6 may be

selected to form bend 700. Bend slot width 402 may be

r-w

configured such that edges of composite layer 302 contact

sheet 602 after bending composite panel 300 to form bend
700. Bend slot width 402 may be configured such that edges

-

of composite layer 302 are prevented from contacting each

—

other after bending composite panel 300 to form bend 700.

In these examples, bend slot width 402 may be characterized

as follows:

A
BA > 2nR* 360

BA may be bend allowance width 406 and R may be the corner

radius. In this example, A may be a bend angle, such as

angle 702.

In these examples, bend slot width 402 may be

characterized as follows:

BS > BA - Z2K(R - T)

BS may be bend slot width 402, BA may be bend allowance

width 406, K may be TAN(A/2), and T may be the thickness of

composite panel 300.

By inserting sheet 602 into curved flange 408 of slot

400, thickness 316 of composite panel 300 may not limit
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outside radius length 708. By bending composite panel 300

with slot 400 and sheet 602 within curved flange 408 about

—

longitudinal axis 508 of the slot, sheet 602 may be

contained within slot 400 without adhesives or fasteners.

Sheet 602 may cover exposed filler layer 304.

Sheet 602 may comprise a desired material and a

decorative layer. 1In some 1llustrative examples, the

desired material comprises cured fiberglass. In these

1llustrative examples, a decorative layer may be adhered to

the cured fiberglass. The decorative layver may provide at

least one of a desired color or desired texture.

In other 1llustrative examples, sheet 602 may include

1nformation such as text, a sign, or other graphical

indicators. In some 1llustrative examples, the decorative

layer may include 1nformation such as text, a sign, or other

graphical indicators. Sheet 602 may contain or form a

F—v

portion of a flexible organic light emitting diode (OLED)

display. In this manner, sheet 602 also may provide light,

information, or perform other suitable functions. In these

1llustrative examples, the decorative laver may form inner

surtface 710 of bend 700.

T'he different components shown in Figures 2-7 may be

combined with components 1n Figure 1, used with components

gr—

in Figure 1, or a combination of the two. Additionally,

—

some of the components 1n Figures 2-7 may be illustrative

—

examples of how components shown in block form in Figure 1

can pe 1mplemented as physical structures.

pr——

Turning now to Figure 8, an illustration of a flowchart

F‘

OL a process for forming a bend 1n a composite panel is

depicted 1in accordance with an illustrative embodiment. The

process 1llustrated i1n Figure 8 may be implemented in

composite panel forming environment 100. The process may be

1mplemented using composite panel forming system 120 in

composite panel forming environment 100 to form composite
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panel 101. In particular, this process may form bend 114 in

composite panel 101 in Figure 1.

The process may begin by forming a slot having a curved

flange 1n the composite panel (operation 802). The slot mavy

pe slot 108 of Figure 1. The slot may be slot 400 in Figure

4. In some 1llustrative examples, the forming step

comprises cutting slot 400 with a tool, wherein the tool is
cutter 200 having a shape corresponding to bend allowance

width 406 and bend slot width 402. Slot 400 may be formed

1n composite layer 302 and filler layer 304. Slot 400 may

pe formed by cutting away a portion of composite layer 302,

p—

and portions of filler layer 304 of composite panel 300. 1In

one 1llustrative example, slot 400 with curved flange 408

may be cut 1nto composite panel 300. The process may then
1nsert a sheet into the curved flange (operation 804). The
sheet may be sheet 111 of Figure 1. In some illustrative
examples, the sheet may be formed of cured fiberglass. Next

the process may bend composite panel 300 with slot 400 and

sheet 111 within curved flange 408 about longitudinal axis

508 of slot 400 to form the bend (operation 806). By

pending composite panel 300 with slot 400 and sheet 111

Jr—

within curved flange 408 about longitudinal axis 508 of slot

400, sheet 111 may be contained within slot 108 without

adhesives or fasteners.

With reference now to Figure 9, an illustration of a

-
p—

flowchart of a process for forming a bend in a composite

panel 1s deplcted 1n accordance with an illustrative

embodiment. The process illustrated in Figure 9 may be

1implemented to form bend 114 in composite panel 101 in

Figure 1.

T'he process may begin by forming a slot 400 having a

curved flange 408 in the composite panel 300, in which the

composite panel 300 comprises a filler layer 304 between a

first composite layer and a second composite layer, the
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slot 400 having a bend slot width 402 and the curved flange
408 having a bend allowance width 406 larger than the bend

slot width 402, in which forming comprises cutting the slot
400 with a tool , 1n which the tool 1s a cutter 200 having a
shape corresponding to the bend allowance width 406 and the
bpend slot width 402 (operation 902). Tool may be slot

forming tool 102. First composite layer may be composite

layer 302. Second composite layer may be composite layer

306. The slot may be slot 108 in Figure 1. The slot may be

formed by removing a portion of the first composite layer

o~

and a portion of the filler layer. In some 1llustrative

examples, the composite panel may be composite panel 300

having composite layer 302, filler layer 304, and composite

layer 306.

The process may then insert a sheet 1nto the curved

flange, the sheet comprising cured fiberglass and a

decorative material adhered to the cured fiberglass, the

decorative material comprising at least one of a desired

texture or a desired color (operation 904). The sheet may

pbe sheet 602 of Figure 6.

The process may then bend the composite panel with the

slot and the sheet within the curved flange about the

longitudinal axis of the slot to form the bend 700, in which

F

the bend slot width 1s configured such that edges of the

first composite layer contact the sheet after bending the

composite panel to form the bend (operation 906). By

bending the composite panel with the slot and the sheet

Po
pr——

wlithin the curved flange about the longitudinal axis of the

slot, the sheet may be contained within the slot without

adhesives or fasteners. Specifically, contact between the

F-'

sheet and at least one of the filler layer, the first

composlte layer, and the second composite layer holds the

sheet within the slot. The process terminates thereafter.
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The flowcharts and block diagrams i1n the different

depicted embodiments 1llustrate the architecture,

functionality, and operation of some possible

implementations of apparatuses and methods 1n an

1llustrative embodiment. In this regard, each block 1in the

flowcharts or block diagrams may represent a module, a
segment, a function, and/or a portion of an operation or
step.

(—

In some alternative i1mplementations of an 1llustrative

embodiment, the function or functions noted i1n the blocks
may occur out of the order noted in the figures. For
example, without limitation, 1n some cases, two blocks shown

in succession may be executed substantially concurrently, or

the blocks may sometimes be performed 1n the reverse order,
depending upon the functionality involved. Also, other

blocks may be added in addition to the 1llustrated blocks 1n

a flowchart or block diagram.

-

Tllustrative embodiments of the disclosure may be

—

described in the context of aircraft manufacturing and

service method 1000 as shown in Figure 10 and aircraft 1100

as shown in Figure 1l1. Turning first to Figure 10, an

illustration of a block diagram of an aircraft manufacturing

and service method i1s depilcted 1n accordance with an

illustrative embodiment. During pre-production, aircraft

manufacturing and service method 1000 may 1nclude

specification and design 1002 of aircraft 1100 in Figure 11
and material procurement 1004.

During production, component and subassembly

manufacturing 1006 and system i1ntegration 1008 of aircraft

1100 in Figure 11 takes place. Thereafter, aircraft 1100 1in

Figure 11 may go through certification and delivery 1010 in

order to be placed 1in service 1012. While 1n service 1012

by a customer, aircraft 1100 in Figure 11 1s scheduled for

routine maintenance and service 1014, which may 1nclude
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modlfication, reconfiguration, refurbishment, and other

malntenance or service.

Fach of the processes of ailrcraft manufacturing and

service method 1000 may be performed or carried out by a
system integrator, a third party, and/or an operator. In
these examples, the operator may be a customer. For the
purposes of this description, a system integrator may

p——

1nclude, without limitation, any numpber of aircraft

manufacturers and major-system subcontractors; a third party
may 1nclude, without limitation, any number of vendors,
subcontractors, and suppliers; and an operator may be an

alrline, a leasing company, a military entity, a service

organlization, and so on.

P
i

With reference now to Figure 11, an 1llustration of an

alrcraft is depicted 1n which an 1llustrative embodiment may

pbe implemented. In this example, alrcraft 1100 i1s produced

by aircraft manufacturing and service method 1000 in Figure

10 and may 1nclude alrframe 1102 with plurality of systems

’.-

1104 and i1nterior 1106. Examples of systems 1104 1nclude

one or more of propulsion system 1108, electrical system

11i0, hydraulic system 1112, and environmental system 1114.

Any number of other systems may be 1ncluded. Although an

r—
o

ferent 1llustrative

aerospace example 1s shown, di:

embodiments may be applied to other i1ndustries, such as the

automotive 1industry.

Apparatuses and methods embodied herein may be emploved

= -

during at least one of the stages of aircraft manufacturing

and service method 1000 1in Figure 10. One or more

11l lustrative embodiments may be used during component and

subassembly manufacturing 1006. For example, composite

panel 101 with bend 114 1n Figure 1 may be used during at

—

least one of component and subassembly manufacturing 1006 or

system i1ntegration 1008. Specifically, composite panel 101

with bend 114 1n Figure 1 may be formed during at least one
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gr—

oL component and subassembly manufacturing 1006 or system

integration 1008. Composite panel 101 with bend 114 may be

a part for aircraft 1100. Specifically, composite panel 101

with bend 114 in Figure 1 may be a part of interior 1106 of

alrcraft 1100. Further, composite panel 101 with bend 114

in Figure 1 may be Jjoined with other parts during component

and subassembly manufacturing 1006. Yet further, composite

panel 101 with bend 114 in Figure 1 may also be used to

perform replacements and upgrades during maintenance and
service 1014. In particular during maintenance and service

1014, bends may be formed in composite panels used during

routine malntenance, upgrades, refurbishment, and other

operations that may be performed during maintenance and

service 1014. For example, aircraft 1100 may be inspected

during scheduled maintenance for aircraft 1100.

Also, one or more apparatus embodiments, method

ﬁ

embodiments, or a combination thereof may be utilized during

system integration 1008 and certification and delivery 1010,

gr——
e

for example, by substantially expediting assembly of or

reducing the cost of aircraft 1100. Similarly, one or more

—

OL apparatus empbodiments, method embodiments, or a

(—

combination thereof may be utilized while aircraft 1100 is

1n service, for example and without limitation, to

maintenance and service 1016.

The 1llustrative embodiments provide a method and

apparatus for forming a bend in a composite panel.

Specifically, the illustrative embodiments provide a method

and apparatus for forming a bend in a composite panel in

which an outside radius length of the bend is not limited by

r——
—

a thickness of the composite panel.

By inserting sheet 602 into curved flange 408 of slot

-

400, sheet 602 may form part of inner surface 710 of bend

p—
—

700. Sheet 602 may cover exposed portions of filler layer
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1

304. Further, sheet 602 may provide at least one oO:

desired color and a desired texture.

Bend slot width 402 may be configured such that edges

of composite layer 302 contact sheet 602 after bending

composite panel 300 to form bend 700. Accordingly, sheet
602 may be held within sliot 400 without adhesive or

fasteners. Use of sheet 602 may allow for composite panel

300 to have a lower welght than the thickness of composite

panel 300 was 1ncreased so that edges of composite layer 302

—

touch each other. Use of sheet 602 may allow for composite

panel 300 to have a lower weight than 1f a cover were

fastened or adhered over an exposed filler layer.

The description of the different 1llustrative

embodiments has been presented for purposes of 1llustration
and description, and 1s not intended to be exhaustive or
limited to the embodiments 1in the form disclosed. Many

gr—
P

modifications and variations will be apparent to those of

ordinary skill 1in the art. Further, different illustrative

embodiments may provide different features as compared to

other 1llustrative embodiments. The embodiment or

embodiments selected are chosen and described i1in order to

best explain the principles of the embodiments, the

g

practical application, and to enable others of ordinary

sk11ll in the art to understand the disclosure for various

embodiments with various modifications as are suited to the

particular use contemplated.
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What i1s claimed is:

1. A method for forming a bend 1n a composite panel,

wherein the composlite panel comprises a filler layer between

a first composite layer and a second composite layer, the

method comprising:

forming a slot having a curved flange 1n the composite

pranel;

1nserting a sheet i1nto the curved flange; and

bending the composite panel with the slot and the sheet

wilithin the curved flange about a longitudinal axis of the
slot to ftorm the bend, whereln the curved flange has a bend

allowance width larger than a bend slot width and whereiln

the bend slot width 1s configured such that edges of the

first composite layer are prevented from containing each

other after bending the composite panel to form the bend.

2 . The method of claim 1, wherein the forming step
comprises:

cutting the slot with a tool, wherein the tool is a
cutter having a shape corresponding to the bend allowance
width and the bend slot width.

g

3. The method of claim 1 or 2, wherein the sheet comprises

fiber reinforced material.

)

4, The method of claim 3, wherein the sheet comprises

cured fiberglass.

D . The method of claim 4, wherein the sheet further

comprises a material adhered to the cured fiberglass

comprising at least one of a desired color and a desired

texture.
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o . The method of any one of claims 1 to 5, wherein the

slot 1s formed 1in the first composite layer and the filler

layer.

7. The method of any one of claims 1 to 6, wherein the

P

bend slot width 1s configured such that edges of the first

composlite layer contact the sheet after bending the

composlite panel to form the bend.

3 . An apparatus comprising:
a first composite layer;

a filler laver;

a second composite layer, 1n which a slot having a

curved flange 1s present within the first layer and the

filler layer, and wherein the first layer, the filler laver,

and the second layer form a composite panel; and

a sheet positioned 1n the curved flange of the slot,
whereln the slot having the curved flange has a bend

allowance width larger than a bend slot width, and wherein

the bend slot width 1s configured such that edges of the

first composite layer are prevented from contacting each

other after bending the composite panel to form the bend.

F

9. The apparatus of claim 8 further comprising:

a bending tool configured to bend the composite panel

with the slot having the curved flange to form a bend in the

composite panel.

10. The apparatus of claim 8 or 9, wherein the bend slot

width 1s configured such that edges of the first composite

layer contact the sheet after bending the composite panel to

form the bend.
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11. A method for forming a bend in a composite panel, the

method comprising:

—

forming a slot 1n a first surface of the composite

panel, the slot having:

L.

a curved flange;

a first width at the first surface; and

a second width proximal to a second surface,

wherein the second width 1s greater than the first width;

inserting a sheet into the curved flange; and

bending the composite panel with the slot and the sheet

F

within the curved flange about a longitudinal axis of the

slot to form the bend, whereln the first width is large

P

enough that edges of the slot are prevented from contacting

each other after bending the composite panel to form the

bend.

12. The method of claim 11, wherein the first width 1s a
bend slot width and'the second width is a bend allowance

wldth.

13. The method of claim 12, wherein the forming step
comprilses:

cutting the slot with a tool, wherein the tool is a
cutter having a shape corresponding to the bend allowance

wlidth and the bend slot width.

14. The method of any one of claims 11 to 13, wherein the

sheet comprises a fiber reinforced material.

15. The method of claim 14, wherein the sheet comprises

fiberglass.

l6. The method of claim 15, wherein the sheet further

comprises a decorative sheet.
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1/7. The method of claim 12 or 13, wherein the bend slot

wldth 1is:

BS>BA-2K(R-T)

BS 1s the bend slot width, BA

wherein |
allowance width, R 1s a corner radius, K is Tan(A/2), A is a

bend angle, and T 1s a thickness of the composite panel.

1s the bend

The method of claim 12 or 13, wherein the composite

18.
f1irst composite

panel comprises a filler laver between a

layer and a second composite layer.

19. The method of claim 18, wherein the slot is formed in

filler layer.

the first composite layer and the

- claim 18 or 19, wherein the bend slot

20. The method of
"1gured such that the edges of the slot contact

wldth 1s con:

the sheet after bending the composite panel to form the

bend.

21. The method of any one of claims 18 to 20, wherein the

filler layer is a honeycombed panel.

wherein the

t.

22. The method of any one of claims 11 to 21,

composlte panel with the bend is a part for an aircra:

- any one of claims 11 to 22, wherein the

23. The method of

sheet comprises at least one of text, a sign, and other

graphical indicators.

24. The method of any one of claims 11 to 22, wherein the

sheet comprises at least a portion of a light emitting diode

display.

29



CA 02859486 2016-04-06

25. The method of claim 24, wherein the sheet provides at

least one of light and information.

206. The method of any one of claims 18 to 21, wherein the

sheet prevents visibility of the majority of the filler

layer.

27. The method of claim 19, wherein the first composite

layer contacts the sheet after bending the composite panel

to form the bend.

{

28. The method of claim 19, wherein the sheet is held in

place without the use of an adhesive or fastener.

29. A method for forming a bend in a composite panel, the
method comprising:
forming a slot having a curved flange in the composite

panel, 1in which the composite panel comprises a filler laver

petween a first composite layer and a second composite

layer, the slot having a bend slot width and the curved

flange having a bend allowance width larger than the bend
slot width, 1n which forming the slot comprises cutting the
slot with a tool, 1n which the tool 1s a cutter having a
shape corresponding to the bend allowance width and the bend

slot width;

inserting a sheet into the curved flange, the sheet

comprising cured fiberglass and a decorative material

adhered to the cured fiberglass, the decorative material

comprising at least one of a desired texture and a desired

color; and

bending the composite panel with the slot and the sheet

within the curved flange about a longitudinal axis of the

slot to form the bend, 1n which the bend slot width 1is

F

configured such that edges of the first composite layer
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contact the sheet after bending the composite panel to form

the bend.
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( START )

802~ FORM A SLOT HAVING A CURVED
FLANGE IN THE COMPOSITE PANEL

804 “ INSERT A SHEET INTO THE CURVED FLANGE I

BEND THE COMPOSITE PANEL WITH THE
SLOT AND THE SHEET WITHIN THE CURVED
806" FLANGE ABOUT A LONGITUDINAL AXIS OF

THE SLOT TO FORM THE BEND

END

FIG. 8

( START )

902

FORM A SLOT HAVING A CURVED FLANGE IN THE COMPOSITE PANEL, IN WHICH
THE COMPOSITE PANEL COMPRISES A FILLER LAYER BETWEEN A FIRST
COMPOSITE LAYER AND A SECOND COMPOSITE LAYER, THE SLOT HAVING A BEND
SLOT WIDTH AND THE CURVED FLANGE HAVING A BEND ALLOWANCE WIDTH
LARGER THAN THE BEND SLOT WIDTH, IN WHICH FORMING COMPRISES CUTTING
THE SLOT WITH ATOOL, IN WHICH THE TOOL IS A CUTTER HAVING A SHAPE
CORRESPONDING TO THE BEND ALLOWANCE WIDTH AND THE BEND SLOT WIDTH

INSERT A SHEET INTO THE CURVED FLANGE, THE SHEET COMPRISING
CURED FIBERGLASS AND A DECORATIVE MATERIAL ADHERED TO THE
CURED FIBERGLASS, THE DECORATIVE MATERIAL COMPRISING AT
LEAST ONE OF A DESIRED TEXTURE OR A DESIRED COLOR

906

g,

BEND THE COMPOSITE PANEL WITH THE SLOT AND THE SHEET WITHIN
THE CURVED FLANGE ABOUT THE LONGITUDINAL AXIS OF THE SLOT TO
FORM THE BEND, IN WHICH THE BEND SLOT WIDTH IS CONFIGURED SUCH
THAT EDGES OF THE FIRST COMPOSITE LAYER CONTACT THE SHEET
AFTER BENDING THE COMPOSITE PANEL TO FORM THE BEND

END

FIG. 9
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1000
N FIG. 10

1002 \‘ SPECIFICATION AND DESIGN l
1004~ MATERIAL PROCUREMENT I

1006~ | COMPONENT AND SUBASSEMBLY
MANUFACTURING

1010 /[ CERTIFICATION AND DELIVERY I

1014 /‘ MAINTENANCE AND SERVICE l

1100
N FIG. };1 B

AIRCRAFT
1102 *l AIRFRAME l l IN'ITI-E—RIOR I“ 1106
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| SYSTEMS |
: PROPULSION ELECTRICAL :
| SYSTEM SYSTEM |
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HYDRAULIC ENVIRONMENTAL :
SYSTEM SYSTEM ,



316~

302 \\ 308
R :T__.. /
- - em—— ——— —
~~ - e R e aaaaS
\
306 314



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - abstract drawing

