
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/




i 1:9_ 

111111.1 

' 2 8 2 5 

i 7 11111-2 2 
\' --

111112·0 

lilll LB 

111111. 
25 

111111.
4 

111111.
6 

1,11r 1<r)r.r11·11<1·,11111r1r111 rr , r r,11M1r 

• ' ;. ' ~ 4 '·, ' • I i :. I ' ;, ' ' :. ; ' . 

·;,•,· ;,:1· ;1; i i ', • ''," 'i iJ ;, 1 ' I 

;,•, I'' 'i ' ,,;, ''1 



·~,, ,,... 
f 5J/t) 

United Nations Industrial Development Organization 

International Conference on 
Carbon Fibre Applications 

Sao Jose dos Campos, Salvador, Brazil, 
5-9 December 1983 

Dis tr. 
LIMITED 

ID/WG.416/10 
2 February 1984 
ENGLISH 

INDUSTRIAL AND FURTHER APPLICATIONS OF CARBON FIBRES · 

SPECIAL EXPERIENCE IN EUROPE* 

by 

Barry J. Hayes** 

. -:. .. 

* The views expressed in this paper are those of the author and do Ja::'t necessarily 
reflect the views of the secretariat of UNIDO. This document has been reproduced 
without for1DJ1l editing. Mention of firm names and conmercial products does not 
imply the endorsement of the United Nations Industrial Development Organization 
(UNIDO). 

** Technical Manager, Bonded Structures Division, CIBA-GEIGY PLC, United Kingdom. 

v .84-81162 



-----
-1-

Unlike the United States end the Western Pacific countries, the 

use of carbon fibre in Europe for sporting goods applications hes 

been rather small in volume terms. This is probably due to large 

scale, low unit price, production outside Europe resulting in the 

import of inexpensive basic fishing rod blanks, racquet frarn~s and 

golf shafts. Nevertheless, European manufacturers compete in all 

the prominent application areas and have pioneered some new ideas 

as well. 

More detailed.attention hes been given to the use of carbon in 

composites in the transport industr-y ~here many of the Formula I 

racing r.ars, endurance cars and economy cars have incorporated 

these materials with great success. 

Highly sophisticated Qesign and fabrication approaches have 

resulted in the production of torque tubes and drive shafts which 

are under practical road end aerospace evaluation today and which 

are confidently expected to be in ser.\es production for some 

applications in the near future. 

A wide range of 8111&11 to medium size components for genernl 

industrial applications are produced by injection moulding of 

carbon reinforced thermoplastics. Most use is in the area where 
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great stiffnP.ss is required, coupled with low weight, 

especially where rapid acceleration and deceleration is 

essentials e.g. in textile weaving eQuipment. 

A potential major vollJlle development is in the field of robot 

construction where again high specific stiffness is a frequent 

requirement, Here, as in many other cases. the u&e of carbon in 

a honeycomb sandwich to improve this property still further is a 

very important consideration. 

The majority of these non aerospace applications are accomplished 

by manufacturing from resin/fibre prepreg in both unidirectional 

or woven fabric form. The principal exceptions to this being the 

filanent wound tubes and the injection mouldings. Very little wet 

resin hand lay-up impregnation is used because it is time 

conslMl'ling, less accurate in fibre/resin ratio and is generally 

less satisfactory from the operator's viewpoint. 

For thP. majority of non aerospace uses the main requirements for 

prepreg systems ere:-

a) cure at 120°C 

b) long out-life at snbient temperature 

c) easy handling in uae 

d) good mechanical properties up to 100°C maximum 

e) excellent toughness 

f) processable by press, vac-bag, autoclave, oven/ 

shrink-wrap tape 

Woven prepregs are available in a variety of weave styles for 

different handling and draping properties in width! up to 

mpproximately 1.25 metres. 
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Unidirectional prepreg is produced as a standard of JOO.. width 

although wider and ndrrower versions are available. Indeed, very 

narrow tapes or even individual prepreg~ed tows are becot1ing 

increasingly popular for winding applications where they replace 

liquid resin. 

Amongst the many applicatione in Europe thu following are itllportant. 

either in terms of voll.Jlle or interest. 

SLIDES (1), {2) FISHING ROOS 

A great variety of types are manufactured from all-carbon or 

carbon/glees hybrids. The principal advantage is reduction in 

weight for equivalent stiffness. 

SLIDE (J) TABLE TENNIS BATS 

Small vol~e application. The use of carbon fibre skins on a ro .. 

core gives riae to great stiff~ess at low weight resulting in leas 

arm fatigue during long matches and rallies. The rubber faces 

still control the bell contact properties. 

SLIDE (4) GOLF SHAFTS 

Still a significant user of carbon prepreg. Hore recent devalop111ents 

include the manufacture of carbon reinforced hesds as well. 

SLIDE (5) GUITARS 

Carbon fibre faced guitars giving very high quality sound at 

relatively low cost. Musical instrument manufacture still needs 

design opti•iaalion to fully utilise c&rbon, but the prospects 

look good in aa11e areas. 
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SLIDE (6) VIOLIN HOWS 

Use of carbon prepreg has resulted in substantial reduction 

in weight for the sa11e stiffness .,d still yields excellent 

bowing characteristics. Significant 81110unts of prepreg have 

been used already. 

SLIDE (7) BICYCLE FRAMES 

Lightweight racing cycle with carbon fibre main frame tubes 

weighing only 8.5kg. The carbon tubes are bonded into the 

aluminium alloy casti119s. Theee bicycles are outstanding for 

racing and are now becOflling available to the general public. 

It is expeded that as the price reduces carbon fibre will be 

used in general touring cycles as.~ell because the weight 

saving is about the s11111e as the current touring load~ carried. 

SLIDES (8), (9) SKI POLES 

Low weight and correct stiffness make the ski pole En ideal 

and very successful application for carbon. Many tons of 

fibre have been sold for this application. fabrication here 

is usually by wet winding. 

SLIDE (10) DOWNHILL 5KIS 

A numb~r of ski manufacturers have used carbon fibre in the 

production of skis - usually as a laminate on top of the ••in 

wood, fo1111 or honeycomb core. 

The actual advantage in this application has been Questioned 

but •any such skis have been sold. 
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SLiot.. (llj TENNlS K~C-QUETS 

Many types of racquets for tennis, bact.inlon and squash 

artangst others have been designed and produced using carbon 

fibre reinforcetl8nt. 

The techniques used vary very widely fr011 the incorporation 

of a simple CFRP luinah into ataridard wood construction to 

resin injection into carbon fibre braid supported on low 

melting metal alloy for11ers. 

As an application there are real advantages to be gained in 

the use of carbon, although care au9t be taken not to •alee 

racquets too stiff, resulting ulti111&tely in elbow or wrist 

injury to the user. 

{12), (13) RACING CARS 

The use of cocnposites in racing cars has been very succe~arul. 

They not only result in lowering the body weight of the cars 

but they have proved very energy absorbent in •any ~rash 

situations - particularly "'1en used in the for11 of honeycoaib 

sandwich. The reinforcements used may be carbon, Kevlar or 

glass in any cOlllbination. The example shown is a carbon/Kevlar 

hybrid fabric - non metallic honeycOlllb sandwich, r.onocoque 

produced in France. 

Moat FORK1LA 1 cars now have COllflO&itea 88 part or their 

structure and in the typical race &hown in the U.K. all of 

the entrants could be considered 88 of c011pOaite construction. 
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LOLA air intake scoop, main tray, fr~e and body shell •an-

ufactured from glass, Kevlar, carbon &nd non metallic honeycomb 

to gi "e very low weight and high stiffness for good aerodynaniic 

flutter resistance. 

SLIDE (16) ECONOMY CARS 

FORD economy car pictured during a recent competition in the 

U.K. The car makes extensive use of cerbon/Kevlar/Nomex 

honeycomb sandwich in its construction. On this occasion it 

recorded a figure of 905 km/litre but further improve11ents 

are confidently predicted. 

SLIDE (17) SAILPLANES 

Whilst this is an aerospace application in its true sense, 

most sailpl3nes and gliders are used for sporting purposes. 

It is co11111on ?ractice to use some carbon fibre selectively to 

stiffen the otherwise predominantly glass structure. In this 

case the Slingsby Kestrel :1as carbon fibre spar caps. 

SLIDE (18) MARINE USE 

At prese11t the majority of composites used in boat hulls, 

masts 1 eupe~structure, sail boards, surf boards, water skia 

etc. are manufactured from glass fibre and glass/honeycomb/ 

foam sandwich. 

Many specials have been produced incorporatin~ carbon fibrE 

particularly into masts, keels and rudders but have seldo• 

been specially designed for sue~ materials. New att611pta 

with more attention to design are being ll&de but their coat 

effectiveness is open to question at present. 
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SLIDE (19) INJECTION MOULDED PARTS 

Using ther110plastic compounds containing up to 30-4~ short 

length carbon fibre reinf orcetnent a wide range of parts can 

be made by injection moulding including those of very c011plex 

shape. 

Illustrated are a number of parts produced from carbon 

reinforced nylor including:- fiEhing rod gear, textile 

machinery parts, impeller blades, brackets, "1eels and eve~ a 

cigarette filter tip dispenser. The potential list is 

endless. 

SLIDE (20), (21) -DRIVE SHAFTS 

Carbon fibre end hybrid drive shafts, torque tubes end 

support struts ere often manufactured by wet winding techniques, 

but also increasingly one of the various types of prepreg 

tape. 

The fibre r6inforced plastic tube is not only much lighter 

than its ~etal counterpart, but it can be designed to be 

completely vibration free and usually eliminates the expensive 

inte?111ediate uriveraal joint used in long metal shafts. 

Ex&111plea shoWl illustrate propeller shafts designed for 

automobiles and power transaiission shafts for the Learf en 

2100. 
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Although the oomber of uees of carbon fibre in 9P0rting goode 

will incrnse, it is not expxted th.t growth will be very 

significant in the future either ir1 Europe or Worldwide. 

SLIDE (22). 

However, the industrial uses of carbon fibre will go throucjl 

a period of steady growth frOll a aall base during the next 

5-10 years before a rapid expansion due to •aas production of 

parts Nhich have been undergoing proving trials. Much of 

this expSlSion will be in the transport are• .._re the cost 

of energ·r will becolle •.ore !llportant again in the 1990' s. 

• 
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