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Summaryledit | edit source]

A ground transportation OEM redesigned a composite external door panel for one of their vehicles
and required a small number of units to be produced for prototyping and testing purposes. Prototype
and test components were produced using an open-mold hand-layup process. After the testing was
completed, the manufacturing process was switched to Light RTM (LRTM) to meet production rate
requirements. During the hand-layup prototyping phase the tooling was designed to be re-used as
the A-side tool for the higher-rate LRTM process. This allowed for design changes to be identified
prior to producing the B-side tooling and reduced overall tooling costs to move from hand-layup to
LRTM. See A184

Challenge[edit | edit source]

The LRTM process is commonly used to produce composite components in low-to-mid volume
ground transportation (transit and rail) applications. The geometry for the A-side is generally
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defined around aesthetic and functional requirements while the B-side tooling geometry accounts for
interfaces, core geometry and laminate thickness. If modifications are required to the part
construction after initial prototyping and testing, the B-side geometry is likely to change which
requires a new B-side tool to be designed and produced for LRTM manufacturing.

Approach|edit | edit source]

Requirements for the external door panel included:

Maximum allowable weight to keep overall vehicle weight low for fuel efficiency.
Maximum deflection value when the door is in a closed position.

Minimum strength value to ensure the door does not break when opened and closed.
Interface locations to meet up with other body panels and to ensure the door latching
mechanism works correctly.

5. Class A surface finish.

Ll

The structure was designed to be produced using the LRTM process utilizing a semi-rigid glass fibre
B-side cover and polypropylene flow-media integrated into the laminate. This process was used for
similar components on the vehicle and provided a cost-effective manufacturing method that could
meet all of the design requirements listed above.

A small number of units were required for initial prototyping and testing to validate the structure
and determine if any changes were required prior to moving into full production. The LRTM process
can accommodate small changes in laminate construction within the part cavity but frequently
require replacement of the B-side tooling if the part cavity needs to be modified. This can be costly
as the B-side tool typically costs about twice as much as the A-side tool. To reduce the up-front
tooling cost, the prototype components were produced using open-mold hand-layup which did not
require a B-side tool. The prototype tooling was built from glass fibre with a backing structure added
for strength. It was designed to be re-used as the A-side tool for full-scale production to reduce
overall tooling costs.

To produce prototype and initial units using an open-mold/Wet layup process, material substitutions
were made to approximate the part performance as closely as possible. The laminate construction
for the LRTM version of the structure consisted of both randomly oriented and directional glass fibre
plies, foam core (see Cores & inserts), and a polypropylene flow media layer. In addition, a series of
metallic plates were laminated into the structure at attachment points.

The polypropylene layer used is designed to work with a closed molding process with a rigid or semi-
rigid B-side tool within a given compaction range. It is not suitable for use in open-mold processing.
This is because it requires vacuum to pull the resin through the polypropylene layer and does not
wet out sufficiently using wet layup processing. The overall stiffness of the structure was primarily
obtained through the core geometry as bending stiffness was critical. It was determined by
calculating the bending stiffness (see Macro-Mechanics) that replacing the polypropylene flow media
with additional chopped strand mat to match the designed laminate thickness would have minimal
impact on the structural performance of the door. This would not always be the case, depending on
overall configuration of the structure and loading situations, and needs to be evaluated on a case-by-
case basis. For example, replacing the polypropylene flow media with chopped strand mat increases
the tensile stiffness of the component. This substitution would not be appropriate if the performance
of the part under tension loads was critical.

For this structure, the manufacturing process for full-scale production was selected to be LRTM
prior to producing tooling for the hand-layup components. The A-side geometry of the component
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was not anticipated to change between prototype and production designs. It was decided that to
eliminate the need to produce both new A-side and B-side tooling after prototyping, the open-mold
layup tooling would be designed and produced with a wider flange that could accommodate the
vacuum channel and seals required for use in the LRTM process. Examples showing typical open-
mold and LRTM tooling is shown in Figs. 1 and 2. Adjusting the prototype tooling for future LRTM
manufacturing required a marginal cost increase to the prototype tooling, but reduced overall
tooling costs of the program.

Laminate

Gel Coat Rigid Mold

Figure 1. Open Mold Tooling.

Vacuum Clamping
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Mushroom Seal Laminate Gel Coat Mold Wing Seal

Figure 2. Light RTM Tooling.

Prototype units were produced using hand-layup tooling, then tested. The testing included fit-up
testing, opening and closing load cycling, and in-service driving tests. After testing, design changes
to the core and metal interface plates were implemented for better fit-up with the vehicle structure.
This resulted in changes to the part cavity design for the LRTM version. These changes were
implemented prior to producing the B-side cover for full-scale production.

Outcome|edit | edit source]

Design of the new door was tested using representative units produced using an open-mold hand-
layup process before being transitioned to a LRTM manufacturing process for full-scale production.
Performing evaluation on hand-layup units rather than ones produced using LRTM allowed for
testing without the initial up fron cost for a B-side tool, which typically accounts for 2/3 of the
tooling costs. The test results allowed for design changes of the part cavity to be identified and
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implemented prior to fabrication of the B-side cover for production. The tooling used for hand-layup
prototypes was designed with a larger flange so that it could be re-used as the A-side tool for the
LRTM process. This resulted in a cost reduction of approximately 25% to move from the hand-layup
tooling to LRTM.

For more information see Practice for troubleshooting a Light RTM step and A184

Related pages|edit | edit source]

e Light resin transfer moulding (Light RTM)

e Vacuum assisted resin transfer moulding (VARTM)

e Practice for Identifying Process Steps

¢ Process selection for production scale-up

e Practice for troubleshooting a Light RTM step

¢ Resin Behaviour During Processing: What are the key resin properties to consider when
developing a manufacturing process?
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About Help

Engineered materials (designed to have specific properties) made from two or more constituent
materials with different physical or chemical properties. The constituents remain separate and
distinct on a macroscopic level within the finished structure.

Resin transfer moulding (RTM) involves loading a preform into a two (or more) piece, matched tool,
closing it, and injecting resin under pressure (~15-100 psi, or ~1-7 bar).

Well suited to small to medium sized parts, limited to large sizes due to injection pressure loads and
tool cost.

Light Resin Transfer Moulding (LRTM) uses a semi rigid tool half (A side) that is similar to those
used in VIP and a semi flexible tool half (B side) (typically made of thin fibreglass).

For polymer matrix composites (PMCs), resin refers to the matrix; the continuous material phase
that binds the reinforcement together, maintains shape, and transfers load. Resins are divided into
two main groups: thermosets and thermoplastics.



