SIEMENS

Siemens PLM Software

Optimizing composite

aerostructure designs to
increase production rate

White Paper

The increased use of composite materials in aircraft introduces production rate constraints

that were not an issue when aerostructures were made mostly out of metal. In order for aircraft
with a high content of composites to continue to lead the industry, the design of these high
tech materials must evolve to support higher production rates. The right engineering tools are
essential to optimizing design for increased production rate.

Answers for industry.
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Executive summary

The use of composite materials in the commercial aerospace
industry has increased dramatically in the last decade, and
carbon fiber reinforced plastic (CFRP) is the primary material
of choice. This trend is seen for all types and sizes of com-
mercial airplanes, including wide body, regional, business as
well as general aviation aircraft.

As part of achieving excellence in aircraft development,
especially when a high percentage of the airframe is made

of composite materials, affordability must be a key considera-
tion early in the conceptualization of the aircraft. This must
be addressed in plans for configuring the aircraft, achieving
schedule and rate within target cost, reducing defects and
incorporating a robust development process that enables
error-free changes.
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Because of the unique nature of composite materials, mod-
ern aerostructures are more complex to design and manufac-
ture. This is due in large part to the interdependence of the
composite structure with the entire airframe assembly.
Creating the initial designs and making subsequent changes
to these complex aerostructures is more time-consuming
and potentially more error-prone than a traditional metallic
aircraft.

Composite manufacturing also presents unique challenges,
including limitations on speed relative to metallic part fabri-
cation. These comparatively slower manufacturing processes
decrease the rate of production that is required to achieve
maximum profitability.
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Providing a framework for
decreasing cost and increasing

production rate

All of the stakeholders in composite structure development
must work concurrently and collaboratively to develop a
composite design that is optimized for a high production
rate. There are many factors that affect the production rate
of a composite structure.

For example, if the design is not optimized for weight, then
it is quite likely that too much material is in the part. Since
composite manufacturing is predominately an additive
manufacturing process, the laying down of extra material
adds time and uses more resources than necessary to meet
design requirements. Both of these factors drive cost and
decrease rate.

Another concern is the integration of the composite part into
the overall aerostructure. You must consider how to consoli-
date parts versus using traditional assembly methods, the
cost considerations of both approaches, and the impact on
the production rate.

The needs of analysis, design, manufacturing and quality
organizations must all be incorporated into the decision of
how best to improve the production rate for composite
aerostructures. This means integrating the disciplines in a
way that enables all the stakeholders to be able to collabora-
tively optimize their processes.

The central hurdle to integrating the development team to
efficiently execute their responsibilities so they can increase
their production rate begins with having an appropriate defi-
nition of the design.

If a consistent and complete definition can be created that
captures the full "DNA” of the design, it becomes much more
straightforward for the development team to make intelli-
gent design decisions that increase rate and allow the overall
production process to move more rapidly.

The key is to develop an overall framework for affordability
that includes all the disciplines required to optimize the
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aerostucture design for cost and production rate. A collabora-
tive framework for affordability allows the development
organization to focus on a few key metrics, including:

 Achieving rate at target cost
* Meeting deadlines
* Meeting specifications, particularly with regard to weight

* Implementing robust aircraft development processes that
produce high-quality products

Dimensional
management

Metal
fabrication
simulation

Structural
optimization

Affordable
aerostructure
definition

Composite
fiber
simulation

Composite
fabrication
simulation

Factory/
assembly
simulation

Figure 1. Framework for increasing production rate based on consistent
and complete aerostructure definition.
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In turn, success in each one of these areas requires an
emphasis on key engineering disciplines that affect design,
such as:

Dimensional management is a discipline that simulates
manufacturing and assembly processes, and predicts the
amount and causes of variation. A digital prototype is used to
create a comprehensive representation of geometry, product
variation (tolerances), assembly process variation (sequence,
assembly attachment definition, tooling) and measurements.
This model is used to predict if there will be any assembly
build problems before physical parts are made or tooling is
cut. This is particularly important in the design of composite
aerostructures since the thickness of a composite part

can be variable and require sufficient foresight to avoid
assembly issues.

Structural optimization is done to help specify the materials
to use and the thickness, size and cross-section shape of the
structural members on the aircraft. This work is done in col-
laboration between the design and analysis groups to evolve
the design so that it is as light as possible while still meeting
safety requirements. At this point, key design decisions
affecting cost and rate of production are made.

This is a key part of the aerostructure design challenge and
requires design engineers to create increasingly detailed
definitions of the design that can be used to communicate
with the analysis and manufacturing groups. One major chal-
lenge is that the complexity of the design definition is often
difficult to communicate during the engineering process, and
makes a truly accurate analysis of a composite structure hard
to achieve. This leads to approximations and ambiguity in
the design. Another key challenge is that the fiber orienta-
tions assumed in the as-designed composite structure are
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frequently different from the fiber orientations in the as-built
composite structure. This means that the fundamental mate-
rial properties of the composite structure are often misunder-
stood since the orientation of the fibers are central to the
definition. The design engineers must take these factors into
account and create a definition that is easily repurposed by
the analysis and manufacturing groups to assure successful
execution of the program.

Factory simulations are used by manufacturing engineers to
create virtual definitions of the production operation at vari-
ous levels. These virtual definitions allow for individual proc-
esses, the flow of operations and the management of suppli-
ers to be optimized for the fastest possible production rate.

It is essential to ensure that the part can be manufactured
and is appropriately designed for the manufacturing proc-
esses that will be used to produce it. Whether the part is
metallic or composite, this is an important step in the
handoff between design and manufacturing.

Each of these areas offers potential for reducing cost and
improving rate. However, due to the increased use of carbon
fiber composite material in aircraft, several areas standout,
including:

Increasing rate by reducing the weight of the part
through optimization

Increasing rate by reducing the weight of the part by
better communicating data between design and analysis

Consolidating parts to minimize assembly procedures

More quickly bringing the part into optimized, high-
volume production

In the next sections, we will discuss how these four areas
affect cost and production rate.
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Increasing rate
by optimizing for
reduced weight

Just a single unneeded ply distributed over the total size of
any of the modern composite aircraft can result in a signifi-
cant loss of time in manufacturing. There is great incentive to
find and eliminate such overdesign, but it is very difficult to
do so after the initial sizing has occurred. This is partly due to
the challenge of exchanging data between design disciplines
and associated engineering software applications.

The amount of material in a composite part is driven by the
number of layers. In order to minimize the number of layers,
the orientation of each layer needs to be tailored to provide
maximum strength and stiffness under all load cases. This

is the primary task in preliminary sizing of a composite
structure.

Because composite parts that weigh more have more
material in them, optimizing a design to reduce weight and
thereby reduce the amount of material used in manufactur-
ing, increases rate. Because the designer and the analyst
typically use different engineering software for optimization,
collaboration between them is greatly enhanced when both
are working with shared geometry through native computer-
aided design (CAD) interfaces that allow an automated
response to design changes. The analyst can directly use
system lines and zone partitioning to create and control a
mesh of shell or membrane elements for a composite skin,
or lines of beams or bars for stiffening elements. And the
analyst can easily communicate zone and laminate require-
ments back to the designer. This makes it easier to refine
zones to improve the definition of the analysis model, and
speeds the operation, thereby making the process of weight
optimization more tractable. This ultimately leads to a higher
rate of producing parts.

Since designing composite parts involves more unknowns
and interdependencies than a metallic part, a serial product
development process eliminates opportunities to make the
complex adjustments necessary to improve a design. This
reduces the design advantages that are specific to compos-
ites, such as tailoring material orientation. Serial processes
also routinely inflate design allowances and safety factors,
effectively treating composites as “black aluminum” and
forgoing the benefits to be gained by designing for the
unique properties of the material. The ideal scenario would
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be to exchange data quickly and easily between a composites
design tool and the structural analysis tool in a way that
captures the definition of the design accurately and com-
pletely, as shown in Figure 2.

Composite
design
software

"= FE mesh with Fs
data (Composite DNA)

Figure 2. Exchange of composites information from the design tool to
the analysis tool enhances collaboration.

For example, in preliminary design there is usually very little
detail about the geometry that will go into the design. It is at
this point that the logical definition of the composite design
is first created. If this cannot be transferred directly to the
systems that are used by the design engineer, the potential
for errors to occur in the ensuing manual translation is very
high. This is only the first place inefficiencies can occur.

Once detailed design begins, analysts need to provide up-
dated definitions of the laminates for the design engineers.
This may be to account for new load cases or simply because
the analysis has been updated to a more accurate level. Being
able to easily and accurately communicate this information
to the design engineer, who has begun to define the final
design, is critical. Failure to communicate this information
efficiently will result in lost work because the design will
have to be totally rebuilt to incorporate the changes. This can
make the difference between producing world-class products
and products that fail to meet specification.
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Finally, before official release of the design, it needs to be
verified to ensure that the design meets the specification

as defined in the customer requirements. It may require sim-
ply documenting that the design, as prepared for release to
in-house manufacturing or the supply chain, contains the
essential elements of the design as the analyst indicated, or
it may require a full analysis of the design to ensure it will
function as required.

By completing this preliminary sizing, the analyst generates
a set of specifications for the designer, which are used to
develop the initial design. Typically, these specifications are
written documents and spreadsheets that the designer uses
to develop the boundaries of plies and schematics of cross
sections. Converting these specifications into the combina-
tion of geometric and non-geometric data necessary for the
initial design is difficult and time consuming.

Fibersim/
CAD
Layout
—» design ——» Integrate Refine
details sizing
Preliminary — Optimization
design (PD) stf’ategy
L Sizing —» lnvestlgate — Optimize
CAE

However, with the Fibersim™ portfolio of software for com-
posites engineering from Siemens PLM Software, this specifi-
cation can be imported directly into the design model in the
form of a simple neutral file. Fibersim, which helps manufac-
turers unravel the complexities of these materials by support-
ing the entire composites engineering process, enables

this data to be easily integrated so the designer can specify
design rules that automate the creation of the complete ply
definition. Figure 3 shows a thickness plot of an analysis
model from which the zone input was created, and the
resulting designed part with the plies fully developed with
automated substructure avoidance and drop-off rules
imposed. Identifying key information to share, as in this
example, helps define the framework for data exchange.

& =0

— Manufacturing
detail

— Integrate
optimization

L » Validate

Figure 3. Pictured are the parallel and integrated design and analysis workflows using Fibersim in conjunction with CAE tools.
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Increasing rate
by facilitating more

design-analysis cycles

The state of the art in composite development has advanced
sufficiently so that the focus is on overall structural and
design optimization rather than traditional manufacturing
concerns, such as drapability or void formation. So the chal-
lenge of moving the state of the art forward has more to do
with inefficiencies in the composite engineering process than
composite material technology per se.

For example, an efficient, composite engineering process
may proceed as follows: the designer provides the analyst
with a definition based on the initial laminate specifications.
The analyst maps this data onto the initial finite element (FE)
mesh of the part. The designer moves on to designing non-
structural elements, laying out transitions, detailing the
design of drop off areas and preparing fasteners and inserts.
The analyst applies physical properties to the meshed geo-
metry as well as loads and boundary conditions. As a result,
iterations that take place involve concurrent data exchange
between the design tool and computer-aided engineering
(CAE) systems. Figure 4 shows the example workflow.

Layout

optimization

v

"Touch points”

/

FEA pre/post

FEA zones and
laminate specs

Design zones and
laminate specs

| Y S S S —

Gridfzone design
(ACEE)

|

Ply-based design

Figure 4. Pictured is the workflow between design and analysis that
captures touch points.
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Sharing this intelligent composite data between CAD and
CAE systems lets analysts directly apply composite design
features, such as system lines and zone partitioning, to
create and control a mesh for a composite skin. The interface
also enables analysts to use lines of beams for stiffening
elements, such as stringers or frames in a fuselage section.
In addition, the common access to native geometry exposes
named attributes from the CAD system, which supports
automated responses to design changes.

Although the designer and the analyst typically use different
engineering software, collaboration between them is greatly
enhanced when both are working with shared geometry
through native CAD interfaces that allow an automated
response to design changes. The analyst can directly use
system lines and zone partitioning to create and control a
mesh of shell or membrane elements for a composite skin, or
lines of beams or bars for stiffening elements. And the ana-
lyst can easily communicate zone and laminate requirements
back to the designer. This makes it easier to refine the zones
to improve the definition of the analysis model, and speeds
the process, thereby making the process of weight optimiza-
tion more tractable.

Since designing composite parts involves more unknowns
and interdependencies than a metallic part, a serial product
development process eliminates opportunities to make the
complex adjustments necessary to improve a design. This
reduces the design advantages that are specific to compos-
ites, such as tailoring material orientation. Serial processes
also routinely inflate design allowances and safety factors,
effectively treating composites as “black aluminum” and
forgoing the benefits to be gained by designing for the
unique properties of the material. The ideal scenario would
be to exchange data quickly and easily between a composites
design tool and the structural analysis tool in a way that
captures the definition of the design accurately and
completely.

Once detailed design begins, analysts need to provide
updated definitions of the laminates for the design engi-
neers. This may be to account for new load cases or simply
because the analysis has been updated to a more accurate
level. Being able to easily and accurately communicate this
information to the design engineer, who has begun to
define the final design, is critical. Failure to communicate
this information efficiently will result in lost work because
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the design will have to be totally rebuilt to incorporate

the changes. This can make the difference between produc-
ing world-class products and products that fail to meet
specification.

Finally, before official release of the design, it needs to be
verified to ensure that the design meets the specification as
defined in the customer requirements. It may require simply
documenting that the design, as prepared for release to
in-house manufacturing or the supply chain, contains the
essential elements of the design as the analyst indicated, or
it may require a full analysis of the design to ensure it will
function as required.

Fibersim - link Material via Material EIE'

L0 0 (50 B 65 A (0] B 3 ) o 7%»

Standard | Thickness Architecturs Cost And Weight Laminate Rating Mechanical Properties & | Mechanici 4 E]

L] Specification® Elastic Modulus One  Elastic Modulus Two  Shear Modulus: Poisson Ratio Units
D 18 Cytec Tow 26250000 751000 373000 25 English ‘
[0 DRy-sH-3x 13520000 13920000 5354000 3 English
[0 DRy-8H-31 13520000 13920000 5354000 3 Engish |
D DRY-coarse 13820000 13520000 5354000 3 English
[l DRY-fne 13520000 13920000 5354000 3 English ‘
[0 DRY-PL-3k 13920000 13920000 6354000 3 English
O Glass_Mat 12330000 12330000 4742000 3 Englich 1
[ WCF_s8_layer 180987 5171 2586 25 Metric |
[ NeF-3_layer 180987 HE 2586 25 Metric
[0 WeF3T6in 180957 §171 2586 F] Wetric ‘
D NCF-3T-B-in-flipped 180957 517 2586 25 Metric
O Pro-sH-3K 13320000 13320000 5354000 i} English
[0 PPG-5H-3k-00 13920000 13920000 5354000 3 English
D PPG-8H-3K 13820000 13920000 5354000 3 English ‘
[ PpG-coarse 13820000 13920000 5354000 3 English
D PPG-fine 13920000 13920000 5354000 3 English
PPG-PL-3K 000 13920000 3 ‘
D PPG-PL-3K-36 13920000 13920000 5354000 3 English
D T-12-in 26250000 750000 375000 25 English |
O T24in 26250000 750000 375000 F-] Englsh |
D T-6-in 26250000 750000 375000 25 English
O T-MaTe 26250000 750000 375000 b= English ‘
< >

1 linked, 1 selected, 22 shown, 35 avaiable

Figure 5. Materials database that allows the user to assign for physical
properties plies within Fibersim.

A white paper issued by: Siemens PLM Software.

Another important area is the assignment of physical proper-
ties. The capability to seamlessly share detailed layup and
material specifications helps the analyst’s efficiency and pro-
ductivity, and has a significant impact on a design’s accuracy.
Figure 5 shows the materials database in Fibersim.

Bridging the gap between analysis and design by defining
common material parameters supports everything from sim-
ple linear static to nonlinear buckling and progressive failure
analyses.

The sharing of the Fibersim-based composite definition
across disciplines allows the seamless exchange and optimi-
zation of designs. For example, using a common geometry
slashes the number of complicated dependency failures
because the logical relationships implicit in the logical struc-
ture of the composite design persist between Fibersim and
CAE systems, thus removing the need for frequent, compli-
cated refreshes. By using Fibersim, all changes flow from a
constrained set of sources and allow for easy, automated
re-meshing in analysis as well as the automated translation
and updating of designs.
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Part consolidation
and improving
assembly efficiency

Increasing the production rate for composite structures
comes not only from optimizing individual parts, but also by
improving manufacturability of the overall assembly. This can
be achieved by two methods; reducing the number of parts
by consolidating the structure, and/or making the assemblies
more efficiently.

Aircraft structures have thousands of parts and hundreds
of thousands of fasteners. Drilling holes and installing
fasteners is a major source of effort and rework in aircraft
manufacturing.

If the number of fasteners is reduced, assembly costs and
time can be drastically reduced. Consolidation of multiple
part designs into a single part either through basic redesign
or bonding can reduce the number of fasteners. This requires
a multidisciplinary approach to reconfiguring the design of

a traditional aircraft to make this kind of consolidation
possible.

Exploring design alternatives and easily creating the detailed
designs for the newly configured structure is a much more
straightforward with the appropriate design tools. Fibersim
allows the investigation and rapid iteration necessary to
determine the design that best consolidates parts, making it
the most efficient and profitable design to manufacture.

Another approach is simply to make the use of fasteners
more efficient by more tightly controlling the definition of
the holes and fasteners in the bill of materials (BOM) that are
part of the evolution of the composite structure. By employ-
ing a more rigorous approach to the management of fastener
and hole definitions, the structure can be assembled more
quickly at lower cost.

Developing intermediate assembly states directly derived
from the released engineering dataset, which are easily and
rapidly updatable based on changes in the engineering defi-
nition, is at the core of making assemblies with a large num-
ber of fasteners that can be manufactured more quickly and
profitably. This is especially true now that there is a higher
percentage of composites in an airframe. Rework or scrap of
parts made from composite materials can cost an order of
magnitude more than the legacy aluminum parts they are
replacing.
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The Syncrofit™ portfolio of software for designing and
manufacturing complex airframe assembly from Siemens
PLM Software is designed to address this concern. It makes
the design and manufacture of complex aircraft assemblies
much more straightforward. Importantly, it addresses the
change process directly, enabling the swift and accurate
update of manufacturing data based on the evolving engi-
neering definition.

Using Syncrofit in combination with the Tecnomatix® soft-
ware Manufacturing Process Planner and Process Simulate
gives the development team heretofore unheard of control
over fastener definitions. This makes the process faster, less
error-prone and more profitable.
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g

Figure 6. Syncrofit, Manufacturing Process Planner and Process
Simulate can be used collaboratively to increase the production rate
of airframe assemblies.
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Addressing the
manufacturability
of the design

Often the choice of manufacturing process adds weight,
sometimes unexpectedly, to a composite part. For example,
a machine characteristic, such as minimum course deposi-
tion, induces a design constraint that affects ply contour and
stagger layout, or interferes with a mating part footprint and
modifies part weight. Therefore, such constraints must be an
integral part of the design parameters, and cannot be left to
manufacturing to deal with due to the risk of unforeseen and
costly iterations or uncontrolled overdesign that will lead to
heavier parts.

By working closely with the manufacturers of fiber placement
machines, tape laying systems and computer-aided manu-
facturing (CAM) software for composites, an initial set of
requirements has emerged that enhances the designer's
environment so that he or she can use Fibersim to fully
define and optimize the design of composite components or
assemblies for automated manufacturing.

For example, most, if not all, fiber placement systems and
some tape laying systems cannot lay up less than a minimum
length of fiber or tape material, usually a few inches. This
minimum course length requirement affects the corner shape
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of +/-45 degree plies. In a design, many ply corners must be
modified to account for this minimum deposition rule as
shown in Figure 8. Such corner treatments — called diamond
shape, bird beaks, dog ears or bat ears, depending on the
manufacturing company — have an impact on the design.
They can affect part weight, ply staggers and stress concen-
trations. As part of an efficient and robust development
process, Fibersim ensures that the overall ply layout is consis-
tent with minimum course extension (MCE) and minimum
course length requirements. By using this approach, modifi-
cations that are necessary to achieve manufacturability are
included in the design and don’t add unforeseen weight to a
composite part.

T

Figure 7: Shown are typical corner
treatments, including MCE, which
increases manufacturability but adds
weight to a part.

1
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Conclusion

There are many benefits to having better tools and processes
for composite structure development. First, they enable
design teams to make modifications earlier in the develop-
ment process and accommodate changes later in the process
to enhance optimization. Second, they allow analysts to
perform more accurate analyses on the as-designed part
definition using the true material properties. Third, they
allow for more control over the airframe assembly definition
process. And fourth, they account for how material additions
affect manufacturability in the design process, thereby avoid-
ing unforeseen weight variations in the finished part.

This approach to concurrent composite engineering uses a
parallel workflow that supports more and faster design itera-
tions. Both designers and analysts can continue working
while synchronizing significant changes. Ultimately, this
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improvement in the process helps design teams fully opti-
mize designs that will have a higher production rate. What's
more, the technique cuts the risks, program costs and poten-
tial liabilities associated with the use of new materials and
novel technologies.

All of these capabilities are made possible by using Fibersim
and Syncrofit to develop a design definition that captures the
part type-specific DNA of composite structures, and provides
high fidelity between the CAD and CAE representations of
the design.

This approach saves money and time and leads to more
competitive products that enable aerospace organizations to
extract the most value from using composites.
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Siemens PLM Software, a business unit of the Siemens
Industry Automation Division, is a world-leading provider of
product lifecycle management (PLM) software and services
with nine million licensed seats and 77,000 customers
worldwide. Headquartered in Plano, Texas, Siemens PLM
Software helps thousands of companies make great products
by optimizing their lifecycle processes, from planning and
development through manufacturing and support. Our
HD-PLM vision is to give everyone involved in making a prod-
uct the information they need, when they need it, to make
the smartest decision. For more information on Siemens PLM
Software products and services, visit www.siemens.com/plm.
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