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SUMMARY

Advanced composites in Sailplanes mean the use of carbon and aramid fib-

ers in an epoxy matrix, weight savings are in the range of 8 to 18% in compar-

ison with glass fiber structures. The laminates will be produced by hand-layup

techniques and all material tests shown here have been done with these mate-

rials. These values may be used for calculation of strength and stiffness as

well as for comparison of the materials to get a weight-optimum construction.

Proposals for material-optimum construction are mentioned.

TECHNICAL HISTORY

The first fiber-reinforced glider, a Phoenix developed by Prof. Eppler,

made its maiden flight in 1957. Now, more than 4000 gliders with glass-fiber-

reinforced structures are in the air all over the world. Increasing the wing

loading permitted increases in maximum speed, but structural demands increased

the weight also.

A large span enabled the constructors to build planes with lift to drag

ratios of about 50 (ASW 17: 48.5, Nimbus 2: 49) and sinking speeds of 0.50 _/s

(].64 ft/s). But it was not possible to realize wing spans with more than

22 meters without a very soft wing structure. Thi_ was possible when carbon

fibers were used in the center wing section of the Akaflieg Braunschweig SB ]0

in 1972 (fig. ]). Wlth a maximum wing span of 29 meters, this glider has the

best gllde ratio of 53 and a sinking speed of 0.4] m/s (].35 ft/s). But the

price of carbon fibers was very high at this time and so this material was used

only in another prototype, the Akaflleg Stuttgart fs-29 in ]975. To realize

the old dream to vary the span during flight, it was absolutely necessary to

use carbon fibers in the outer moving part of the wing and in the spar of the

inner wing section. When the Akaflieg Braunschweig built the first all-carbon

glider in ]977/78, they used carbon fibers to reduce weight and to stiffen the

winq, so that all flaps move only Very slightly and the pilot is able to han-

dle them. And this was the year when carbon fibers were used in a larger vol-

ume in different types of commercial gliders.
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Wr_IOHT SAVINGS

Weight and stiffness problems occur especially, and so it is not surpris-

ing that most of the new flap gliders use carbon fibers in the spar. The rings

of some of the often-built gliders are shown in figure 2. All the planes use

a spar with carbon-flber-reinforced epoxy and the weight savings are in the

range of about 1| to ]4%. When carbon fabric is also used instead of some

glass fiber fabric layers, weight savings increase up to ]7.4_ _pared with

the fully equipped wing or up to 24.3% compared with the wing structure itself.

In the matter of fuselages, _ight saving rates are lower (fig. 3),

because there is a higher weight percent of controls and of the landing gear.

When carbon is only used in fuselage stringers, weight savings are about 8%.

If s_me glass layers are replaced by aramid or carbon fabric, the range will
increase to about ]5%.

But these values are not the maxJJnu_ weight savings which can be real-

ized. Looking at specific tension strength of reinforced epoxy laminates in

figure 4, mass reductions of 50% by substitution of aramid fibers and of 40%

by substitution of carbon fibers are possible, when bare structures are
considered.

MATERIAL PROPERTIES

All material properties shown in the following figures are test results

of hand-laminated systems. Most of the tests have been undertaken at room
temperature and normal outdoor humidity.

Resins were of the epoxy type, such as Rutgers-Bakelite L02/SL or L20/SL

or CIBA XB 2878. These resin systems are normally cured for glider purpose

at room temperature for 24 hours and postcured at 60 ° C (]40 ° F) for ]5 to

20 hours. They have shown better interface characteristics with carbon and

aramid fibers and also higher temperature stability than the older Shell
Eplkote systems.

The fiber types are mentioned in each figure. The carbon Is usually

untwisted T300 B produced by TORAY. Fabric types which have been used have
the following characteristics:

Carbon-UD=

Carbon fabric=

Aramid-UD=

Aramid fabric:

Glass-Ub_

Glass fabric:

TORAY 2002

Interglas 03040

Interglas 986]6

Interglas 986]2

Interglas 92]45

Interglas 92]25

130 g/m 2

200 g/m 2 linen

]70 g/m 2

170 g/m 2 twill

220 g/m 2

276 g/m 2 twill

Material testa have been done in a lot of different works (refs. ] to 5).

But all laminates have been prepared under the same conditions and have been
tested at the same test facilities.
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To use advanced composites - i.e., carbon- and aramid-fiber-reinforced

epoxy laminates - in spar flanges for gliders and lightweight planes, tensile

strength and modulus are the most important characteristics to consider. Fig-

ure 5 shows a small advantage of Kevlar 49 compared with carbon and E-glass

especially when UD-laminates are intended to be used for a wet lamination pro-

cess. For torsion shells, fabrics under diagonal orientation are normally

used. Therefore Kevlar and carbon have the same qualities.

But as spar flanges may also be loaded under compression, aramid fibers

are not usable for this purpose. Because of its chainlike molecular structure,

this material has only about 20% of tension strength capacity under compression

load (fig. 6).

In all highly loaded structures the shells are also carrying loads. To

calculate the load distribution between the shell and spar, it is necessary to

know the elastic moduli of the materials used (fig. 7).

A conventional structure has a carbon spar, laminated with rovings or

UD-tapes and a ±45 ° reinforced shell. So the very stiff spar will carry most

of the bending loads, while the shell with only 10_ stiffness in carbon or

3 to 4% in aramid or glass fiber fabric will carry only a small part of the

bending forces. This is valid only when the laminate areas of the spar and

the shell are in the same range. Due to the higher allowed stresses in carbon

compared with glass, the cross sections of spars decrease while the shell area

remains constant. So the load-carrying ratio is pushed to the side of the

shell and the wing stiffness increases.

On the other hand, shear moduli of 45 ° laminates are higher than those of

0° or 90 ° laminates (fig. 8). As the shear area of the shell is much higher

than the area of the spar, most of the torsion and shear loads are carried by

the shell.

Figure 9 shows the shear strength of epoxy laminates found by tube-torsion

test_. This test method generates the highest shear values, as there is no

problem with force introduction into test specimens. Carbon laminates with ±45 °

fiber orientation show the highest values compared with aramid or glass fibers.

Woven materials also produce higher values than nonwoven unidirectional layers

oriented under ±45 ° • These layers are better to handle and to orient.

Interlaminar shear strength (fig. ]0) of carbon laminates is higher than

in glass or aramid fiber laminates. The epor] resins used most in c_mbination

with aramid and carbon fibers in Germany are the R_tgers-Bakelite L20 and

CIBA XB 2878. There are only small differences in material strength, not only

in interlaminar shear strength, so that these resins may be substituted one for

the other. Both resins have fulfilled the airworthine_:: _equirements issued

by the Luftfahrtbundesamt.

It is not necessary to use only laminate angles of 0°, 0°/90° or ±45 °,

which are based on production experiences to save material and time during

fabrication. When different angle-ply laminates are used, the tensile modu-

lus can be calculated as shown in figure ]l for UD-tapes _n a symmetric

laminate.
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For gliders, t_mperaturesof 54 ° C (129 ° F) in structure_ with a white

surface are normally not exceeded. But the coefficients o_ thermal expansion

should be considered (fig. 12). Additional stresses may occur in some material

combinations. This is also valid when carbon is bonded to aluminium or steel.

In this matter there must be also anticorrosion coatings to provide corrosion

protection without any adhesive system. Stainless steels should be used in

this case.

As shown before, aramid fibers are not very useful for primary structures.

Especially when weight savings are necessary in some parts of planes, aramid

fibers in combination with carbon fibers can be used to increase the impact

resistivity.

The low impact energy of pure carbon (fig. 13) can be improved by combi-

nation with aramid fibers (fig. 14). The highest gains can be reached with a

36% carbon fiber weight ratio in an aramid-carbon-hybrid laminate (ref. 4),

wher_ carbon is the surface material. Such a material combination may be used

in fus 1ages, especially in the cabin area, to provide large impact resistance
in case of an accident.

If such hybrid laminates should be subjected to high loadings too,

Poisson's ratio of the combined materials must be considered (fig. 15). In

case of large differences in Poisson's ratio, secondary stresses perpendic-

ular to the loading direction will be generated.

The investigation of fatigue usually ends at 106 to 107 load cycles. In

case of the hand-laminated, room-temperature-cured epoxy laminates normally

used, there are only limited valid test results available. The published

results are normally valid for prepreg systems (fig. 16). Larger differences

between prepreg resin systems and room-temperature-curing systems at operation

temperatures of planes are not expected and the test results can be extrapo-

lated to these laminates. Fatigue strength of carbon epoxy (about 600 N/mm 2)

is much higher than of glass fiber epoxy (about 200 N/mm2). But more tests

have to be run with the new resin systems, because the normally used Shell

Epikote/Laromin has poorer quality in combination with carbon fibers.

Special tests on wing spars have been carried out with different fiber

resin systems (fig. ]7 and ref. 5). A loading spectrum of various operation

loads has been run with about 6 million load cycles or 9000 hours flight slm-

ulation for glass fiber spars. As the lifetime of fiber-reinforced gliders

is hi_her than expected, an increased program for carbon spars with a safe

life simulation of 12 000 hours has been run. Residual strengths of differ-

ent spars indicate the safe life value of 600 N/mm 2 at the maximu_ oemanded

operation temperature of 54 ° C (]29 ° F) (refs. 5, 7).

A new problem appears when carbon fibers are used in airplane structures.

Lightning damage may occur to unprotected carbon-fiber-reinforced plastic

(CFRP) up to total failure of a 6-n_ laminate in an area of 80 am diameter,

corresponding to a strike of 200 kA (fig. 18 and refs. 8 to 10). The whole

carbon-reinforced area must be protected with an aluminium mesh. The weight

gain is small, because mesh weight is only ]00 g/m 2. Damage is reduced to

failure of the surface layers.
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Different applications combining all material qualities are possible. For

fuselage tubes, fiber winding technology is possible and has already been tested

(figs. 19, 20, and Eel. 11).

For wing structures a combination of carbon spars, carbon torsional she._.l,

and aramid trailing edge box may be the weight optimal structure (fig. 21)° In

the cockpit region hybrid shells of aramid and carbon fabric may fulfill the

accident requirements, while the carbon spars carry most of the bending loads.

Comparing prices, a decrease is still observed and a more severe decrease

is expected when automotive industries start using these fibers or new produc-

tion technologies are developed. Also new manufacturing methods, such as wind-

ing or prepreg application, have to be introduced to the sailplane industry to
make the new materials cost-competitive with the "old" glass fiber.

ABBREVIATIONg

CFRP

GFRP

SFRP

carbon-fiber-reinforced plastic

glass-fiber-reinforced plastic

synthetic-fiber-reinforced plastic
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TYPE SB 10 fs-29 SB 11

SPAN m 29 13 - 19 15

WEIGHT N 5800 3700 2600

1. FLIGHT 1972 1975 1978

FIBER SIGRI T 300 VARIOUS

Figure ].- CFRP in prototypes.
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Figure 18.- Lightning damage of an unprotected
carbon-reinforced wing structure.
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Figure 19.- Carbon fiber winding of a fuselage tube
with hybrid structure.



Figure 20.- Hybrid fuselage tube under bending load.

I_Ei_oDUCIBll-IT_" OF Tlt_.
ORIGINAL pAGet IS P0_

Figure 21.- Pr:_p_.aZs for lightweight structures.
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THE ULTRALIGHT SAILPLANE

by

J. H. McMasters

Boeing Commercial Airplane Company

Seattle, Washington

SUMMARY

The increasing cost of traditional soaring has lead to a search for less

expensive alternatives. During the past decade, the rise in the popularity of

hang gliding, together with advances made in other branches of ultralight
weight aircraft design (e.g., human powered aircraft), has demonstrated the

possibility of development of a "new" category of soaring device - the
"ultralight sailplane." As presently envisioned, the ultraIight sailplane is

intermediate in size, cost and performance between current hang gliders
(defined here as a "sailplane" having a foot launch/landing capability) and
the lower end of the traditional sailplane spectrum (as represented by the

Schweizer 1-26, "Duster" and "Woodstock"). In the design of an ultralight
sailplane, safety, low cost and operational simplicity are emphasized at the
expense of absolute performance. The present paper presents an overview of

the design requirer_ents for an ultralight sailplane. It is concluded that by
a judicious combination of the technologies of hang gliding, human powered
flight, conventional soaring and motor gliding, an operationally and
economically viable class of ultralight, self-launching sailplanes can be
developed.

INTRODUCTION

The purpose of the present paper is to summarize and place in context the

technical design trade-offs, performance potential and operational
characteristics of a category of ultralight sailplanes which would combine

several desireable characteristics of present hang gliders, sailplanes and
motorgliders into a viable, low-cost alternative or supplement to all three.

There are few modern examples of the ultralight sailplane envisioned here, and
a centra_ purpose of this paper is to establish the existence of an
"ecological nich,_" for such devices.

The remarkable rise in the popularity of hang gliding during the past decade

has paralleled an increase in both cost and regulation of traditional sport
aviation (powered and _Jnpowered). This has lead to a rebirth in interest in a

range of ultra*light weight sport aircraft. The wretched safety record and
generally low performance (by modern sailplane standards) of hang gliders has

resu|ted in substantial controversy within organizations like the Soaring
Society of America (SSA) regarding the wisdom and deslreability of associating


