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SUMMARY

In order to show the potential of foam cores in RTM structures, the German Aerospace

Centre DLR has developed several structural demonstrators using an autoclave-based

resin injection technology called Single-Line-Injection technology (SLI) in combination with

PMI (ROHACELL) foam cores. Some of these demonstrators feature a skin that is tolerant

to impact by being modified using a Single-Side-Stitching technology. Furthermore the DLR

investigates new LRI (Liquid Resin Infusion)/foam core-based design strategies for CFRP

fuselage structures that combine highly integrated designs with simple tooling concepts.

In the field of series applications the INVENT company in Braunschweig has

successfully introduced the LRI/foam-core strategy for the Nose Landing Gear Doors and

other class II parts of the newly developed Fairchild Dornier Do 728 Airliner. Even the Do

728 nose boom adapter, a heavily loaded and extremely complex class I structure is

manufactured by INVENT with this technology.

THE SANDWICH PRINCIPLE

The basic prerequisite for high-performance structural component parts as used in

aerospace applications is light-weight design wherever possible. An essential component of

these light-weight structures are load-bearing and buckling optimised shell elements. The

classical method to obtain improved buckling properties is using monolithic stringers,

although sandwich structures have also proven their worth in a number of fields. The

performance of a sandwich structure depends primarily upon the efficiency of surface skins

and the distance between them. A great distance between the surface skins produces a

correspondingly great geometrical moment of inertia, thus leading to high bending stiffness.

Since this arrangement subjects the core of the sandwich to a relatively small amount of

stress, it can be reduced in weight significantly.



Extremely thin-walled sandwich structures present the problem of how force is introduced

and the sandwich structure's sensitivity towards impact loads.
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Assumption: Eskin>>Ecore, h≈hcore, t/h<1/4

Bending stiffness:

By = Eskin* h² * t/2

Fig.1: Sandwich under bending load [ref. 1]

This means that a minimum wall thickness is required for the surface skins to be able to

ensure that it is adequate to the purpose. Beyond this, experiences in the use of sandwich

structures in series applications show that it is necessary to take the entire life cycle into

consideration when assessing the economic viability of sandwich components.

CORE MATERIALS

While the most important thing with the surface skins is stiffness and strength, the major

factor with the core is keeping the mass down to a minimum. The core stress results from

having to keep the surface skins at a distance to one another and providing buckling

stability to the skins. This means that the core is primarily stressed from shear and

sometimes compression. Honeycomb core materials made of aluminium or Nomex have

the greatest potential for performance with regard to weight because they have an amazing

compression modulus with minimum material use. Honeycomb core materials have

established themselves firmly in aerospace applications and are generally used in

combination with prepreg products. Some typical structural components are leading edges

on the wing and empennage, landing gear doors and other access doors and all kind of

fairings. In spite of the excellent potential for performance of honeycomb core sandwich

structures, there is increasing demand among airlines for alternatives because of the high

maintenance costs caused by honeycomb cores in various applications. The reason for

these higher maintenance costs is related to the fact that honeycomb cores may fill up with

water under certain circumstances, for instance if the surface skins are porous. The water



in the full honeycomb cells freezes and expands at low temperatures, which then damages

adjacent honeycomb cells.

Fig. 2: Aluminium Honeycomb and PMI Foam

For maintenance activities that means that the honeycomb core components have to be

inspected more frequently because they sometimes carry very significant amounts of water.

The costs of servicing and repairing these components can diminish the positive aspects of

the low structural weight to the extent that a heavier foam-core construction can be more

economical over the component's total life cycle. A comparison shows the benefits and

shortcomings of the various core materials.

core material

density app.70 kg/m³

Typical

compressive modulus

Typical

 shear strength

Aluminium

Honeycomb (72 kg/m³)

1034 MPa 2.3 (L), 1.5 (W) MPa

Nomex

Honeycomb (80 kg/m³)

250 MPa 2.25 (L), 1,2 (W) MPa

PMI Rohacell

Foam 71WF (75 kg/m³)

105 MPa 1.3 MPa

PVC

Foam (80 kg/m³)

54 MPa 1.1 MPa

Table: 1



Aluminium honeycomb:

Aluminium honeycomb cores have excellent compression stiffness with regard to weight

because it can be manufactured with extremely thin walls. However, these thin walls may

also lead to local buckling in the honeycomb surfaces especially with large honeycombs.

Beyond this, the combination of aluminium and carbon fibres can produce contact corrosion

if both elements are not electrically insulated. Honeycomb corrosion is a serious problem

because inspecting the inside of a honeycomb component involves enormous

expenditures. However, tapping the surface skins provides initial indications of the condition

of a honeycomb core-sandwich component. Since metallic honeycombs satisfy the strict

gas exhalation requirements of space applications, they are used more frequently. Of

course, aluminium honeycomb's FST (Fire Smoke Toxicity) properties are a positive

characteristic.

Nomex honeycomb:

Nomex honeycomb cores consist of aramid "paper" impregnated with phenolic resin and

can be found in a wide variety of applications. There is less of a problem with local cell

buckling than with aluminium honeycomb because of the greater wall thickness.

Furthermore, there is also no problem with contact corrosion because nomex honeycomb

does not conduct electricity. However, a negative characteristic of aramide semifinished

products is the fact that they are not resistant to UV light, although this is not a problem with

honeycomb cores in lightproof casing. It also has positive FST characteristics because of its

phenolic resin sealing.

PMI foams:

PMI (Polymethacrylimide) foams are also used extensively in aviation because they can

be worked in 180°C production processes after being appropriately tempered. The high

degree of compressive strength of medium weight PMI foams makes it possible to apply

autoclave cycles with more than 0.5 MPas at temperatures of 180°C, meaning they are

suited to standard prepreg production cycles. The PMI foams approved for aviation have a

very even distribution of closed-celled pores with their size remaining extensively constant.

Its moisture absorption can be as much as 9% with unsealed foams, which is very

detrimental. Moisture can produce great problems notably in production when the foam

cores are not sufficiently dried. When working resins containing isocyanate (such as

Blendur) moisture may even lead to matrix decomposition. The FST characteristics of PMI

foams are fairly acceptable.



PVC foams:

The main feature of PVC (polyvinyl chloride) foams is the fact that they are comparably

inexpensive. They are mostly used in aviation for building small aircraft where production

strategies are mainly without autoclaves at process temperatures below 140° C. Gas

exhalation should also be observed with PVC foams used in RTM Processes, because it

may lead to porosities in the laminate of the surface skins. The fact that it has low moisture

absorption and the great impact strength of untempered PVC foams have a positive effect.

MANUFACTURING STRATEGIES

It is not only the material properties of the core and skin materials that play an important

role in the success of an overall strategy, but also the way the materials are used in the

production process.

State-of-the-art

At the present time, the state-of-the-art is using foam and especially honeycomb cores in

combination with glass or carbon fibre prepregs. The cores are usually connected to the

skins by a special adhesive film that is cured in an autoclave process together with the

surface skin laminate. The autoclave ensures that the various components are firmly

connected at pressures of about 0.6 to 0.3 MPas. Honeycomb core preparation includes

machining the contour and filling in the honeycomb in areas where bolts may have to be

mounted later. Slit honeycombs allowing components to drain are used in some special

applications. Honeycomb cores have a very complex deformation behaviour when being

bended meaning that it is difficult to get the core to fit the mould exactly. Foam cores can

easily be shaped with thermal moulding. If very tight tolerances are required, they can also

be machined precisely to the desired shape. The foam core can be adapted to a variety of

stresses by simply combining different densities.

The LRI (Liquid Resin Infusion) Strategy

A relatively new approach towards manufacturing optimisation is using RTM (Resin

Transfer Moulding) technologies for manufacturing high performance sandwich

components. The idea here is to reduce production costs by simplifying production and

reducing the costs of semifinished products. The potential for streamlining production is in

using inexpensive dry semifinished products with good draping properties while still

achieving the potential of high-quality prepreg components. It is possible to use honeycomb

cores in RTM manufacturing strategies if the honeycomb cores are sealed against the low-



viscosity injection resin. This technology has been successfully demonstrated by DLR

Stuttgart in combination with a VARI (Vacuum Assisted Resin Infusion) technique. DLR

Braunschweig together with INVENT GmbH Braunschweig are focusing on using PMI foam

cores in an autoclave-assisted technique.
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Fig.3: The SLI (Single Line Injection) Technique [ref. 2]

The autoclave has the benefit that the sandwich structure can be evenly compacted and

therefore excellently adapted to various requirements. This has a positive effect upon

component part quality and reproducibility. Beyond this, resins with critical steam pressure

such as polyisocyanurates (e.g. Blendur), phenolic resins and hybrid structures from dry

semifinished products and prepreg semifinished products can also be processed as

specifications demand. With high-quality components, the costs of autoclave production are

only insignificantly above the costs of production without an autoclave because the

increased atmospheric density and the integrated cooling system contribute to faster

tempering and injection and therefore to shortening the overall cycle times. On the one

hand the price of purchasing an autoclave is about two times as much as an oven but on

the other hand the possibility of using both prepreg and LRI technologies for depreciation,

significantly simplifies plant usage. Beyond this, the processing accuracy and fire protection

class of most ovens is not on the same level as autoclave technology, making it necessary

to modify manufacturing specifications for oven processing.



The experiences gathered with the technique designated as SLI (Single-Line-Injection)

technology is based upon the production of far more than two thousand components. All

these components feature extremely high and reproducible component quality and

excellent process reliability. The experience with foam sandwich components manufactured

in SLI Technology ranges from full size production demonstrators for innovative fuselage

designs to the class II nose gear doors manufactured by INVENT in series production for

the Fairchild Dornier 728.

DEVELOPEMENT STRATEGY

Since 1995 the DLR Institute of Structural Mechanics is investigating new manufacturing

concepts using optimised fibre products in combination with LRI technologies. Within these

activities a number of demonstrator components have been manufactured using a variety of

different densities of ROHACELL PMI foam cores. The primary goal of increasing the

performance of foam core components was improving shear strength and increasing the

quality of the core-skin interface.

Improved Shear Strength

Increasing shear strength is one possibility for extending the range of applications of

foam sandwich components to components with the highest loads. Since a high-quality PMI

foam core can only be improved in its performance by increasing its density, it was

essential to find a way to combine foam cores with a fibre reinforcement. A structurally very

successful method is integrating thrust webs under 45° whose dimension can be adapted to

the expected stress [ref. 5]. The resulting foam blocks are production aids when combined

with dry fibre semifinished products. These foam blocks can be wrapped with the required

fibre semifinished products (fabrics, warp knitted fabrics, etc.) or hose-like semifinished

products can be used such as braided tubes. An UD fabric product developed by “von

Bauer” is especially adequate to this purpose because it makes it possible to handle the

sandwich preform excellently with the aid of a Lycra weft thread worked in. The advantages

of this strategy were demonstrated with innovative fuselage designs developed within the

HGF black fuselage project[ref. 3].



Fig.4: HGF project “Black Fuselage” design demonstrator

Interface Optimisation

An excellent interface between foam core and skin is also of significant benefit to impact

and crash critical applications. A possible approach is to use fibre reinforcements in z-

direction to optimise the interface behaviour between the surface skins and the foam core.

An elegant method for accomplishing a z-directional fibre reinforcement is the single-sided

stitching technique where loops of stitching thread are inserted through the surface skin and

into the foam core using a flexible single-side stitching head [ref. 4]. After infiltrating the

component during the autoclave process, the thread loops are impregnated and after that

consolidated in the curing process.

Fig. 5: A Sewed Sandwich / A Single-Side Stitching Head (KSL, Lorsch)



 It makes sense to bring in the thread loops with the aid of the single-side stitching

technique because this makes it possible to penetrate the surface layers with the aid of

highly optimised needles without harming the material to much. The flexibility of the single-

side stitching head also makes it possible to stitch complex shaped surfaces without any

problems.

SERIES APPLICATION

The positive experience with the manufacturing of demonstrator structures has

contributed to the SLI-PMI strategy establishing itself very quickly in series production. The

Braunschweig-based INVENT GmbH has developed a strategy for series production of

sandwich design structures in SLI Technology. Based upon its experience in manufacturing

the „solar sail deployment module“ for Esa Estec and various Fairings for the Fairchild

Dornier Do 328 Jet the INVENT GmbH was able to assert itself against established

suppliers with the Nose Landing Gear doors and RAT (ram air turbine) door for Fairchild

Dornier’s Do 728. Right from the start the production of the very first component set

confirmed that using a fibre semifinished product with draping properties and a precisely

prefabricated foam core with locally adapted densities is successful both with regard to

production times and the costs of the semifinished products. INVENT was also able to

develop a very effective tooling strategy where several components are simultaneously

infiltrated and the cleaning effort is reduced to a minimum.

Fig. 6: Nose Landing Gear Doors of the Fairchild Dornier Do 728 with PMI foam cores



In case of the Nose Landing Gear Door and the RAT Door, the foam core is designed as

a structural element. The decision to use foam cores instead of honeycomb core was a

clear customer requirement coming from a major airline.

Another application aiming at using foam cores as a manufacturing aid is the „noseboom

adapter“ that connects the noseboom necessary for flight testing on the Fairchild Dornier’s

Do728 with the front frame. In this case, the experience in production shows that the

possibilities for simplifying tooling using foam cores is also limited if the settling movement

of several preform components overlap one another.

Fig. 7: Noseboom with Noseboomadapter for Fairchild Dornier Do 728

CONCLUSION

Foam cores in sandwich components can be used both as a cost-reducing production

aid and for structural applications. If only its structural potential for performance is

considered, the foam core sandwich cannot compete with honeycomb core designs

because it has a worse performance to weight ratio. However, when looking at a complete

life cycle, using foam core sandwich components may still be the better alternative

considering its advantages in manufacturing and maintenance. This is also confirmed by

the demands made by various airlines. Beyond this, the  examples presented clearly show

that applying the Liquid Resin Infusion technique and especially the Single Line Injection

technique can provide major cost and handling benefits in production. Innovative foam-

sandwich strategies like truss designs or stitched skins may also improve future structural

component performance.
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