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i+ TNTRODUCTLION

1, Class fiber reinforced plastic is a material which consists of flexible
strands of fibrous glass imbedded in a plastic matrix, vlt has become almost
synonomous with sucn well-known products as boats, sports cars, translucent
building pansls, vaulting poles and fish rods, VPerhaps lesser known to the
consumer, hut of greater significance to the product designer, arc¢ such
industrial applications as automobile body components, appliance and equip-
ment parts, storage tanks and electrical equipment components,

2. Today we {ind the annual per capita consumption of reinforced plastics
to be about 2,2 kilos in the United States, 1,1 kilos in Japan, 0.7 kilo in
Europe, and 0,1 kilo in latin America, In these areas and other major
commercial areas of the world, estimated consumption figures through the
1970's are impressive, For example, United States production totalled

445 million kilos in 1971 and is projected to be 1 billion kilos by 1976%,

3., In the relatively labor intensive sconomies of lLatin America, the
versatility and design flexibility of reinforced plastic is especlally
attractive, The low capital investmeni and basic simplicity of open-mold
processes and low pressure closed-mold processes are ideally suited for the
variety of small and moderate-size product markets in developing countries,
On the other hand, certain industrial segments in Latin America show
evidence that they may soon require more sophisticatcd process technology.
Examples are the market areas of transportation, construction, and corrosion-
resistant products, These areas have high volume production potentials
which may soon demand semi-mechanized or mechanized high-speed production
to satisfy the growing Latin American markets,

*“Data based in information supplied by Society of the Plastics Industry,
Inc,, 250 Park Avenue, New York, New York,




TT.  THE NATLRw OF REINFORCED YLAUTICS

L, The term glaas fiber reinrorced piastic includes a whole family of basic
design materials made from a wide vange of thermoset cr thermoplastic resins,
combined with giass reinf'orcements in many forms and produced by a wide var-

lety of manufacturing processae,

Basic Characteristics

5. Class fibers havc greater tensile strength than structural steel at one-
third the weight, Tn reinforced plastic, glass fibere act to reinforce
plastics much as steel reinforces concrete, Nelther the plastic nor the
fibers alone can serve as a load bearing structure, However, when the fib-
ers are embedded in the plastic, the resulting composite has impressive
properties including high strength-to-weight ratio and impact resistance
plus improved temperature resistance and stiffness, These propertiies serve
to give reinforced plastics its basi. characteristics which provide the fav-
orable cost/performance relationships lnecessary for commercial success,
These basic characteristics of reinforced plastics are listed in Table I.

TABLE 1

BASIC CHARACTERISTICS OF REINFORCED PLASTICS
Nesion Flexibility
High Strength
pow Specific (Gravity
Corrosion Fsesistance
NDimensional Stability
Parts Consolidation
Low Tooling Cost

Low Finishing Cost
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The FPlastics and Feinforcements

6. The first plastics to be reinforced witt Flass Tibers were the thermoset
resins which cure to permanent shape and hardness, Thermosets ~an be molded
to finished form with or witinout hieat or pressure, Thermoset resins include
polyesters, epoxies, phenolics, silicones, melamines, and diallyl phthalates,

Today, rolyester resins are used in 307 of the reinforced plastics produced,

7. During the past few years thermoplastic resins have been successful in
capturing a share of reinforced plastics markets, Thermoplastics are resins
which softer when heated and cool to rigid shaps, Thermoplastics include
nylon, polycarbonate, styrene-acrylonitrile, polystyrene, acrylonitrile-
butadiene-styrene, polypropylene, polyethylene, acetal, etc,

8. The apecific chemical and physical properties of Blass fibers are con-
irolled by the composition and the processes by which the fibers are drawn,
There are, however, several innate characteristics of glass fibers which
make them ideal reinforccments, For example, glass fibers have high tensile
sirength, perfect elasticity, high temperature resistance, dimensional
stability, moisture resistance, corrosion resistance, excellent electrical
charactersistics and relatively low cost for structural fibers, Class fibers
are the reinforcement for 85 to 9J percent. of all reinforced plastics,

9. GClase fibers are commercially available in a variety of forms, These
forms include roving (esaentially parallel strands of fibers gathered into
a continuous ribbon), chopped strand mat (a blanket of chopped or continuous
strands), yarn, fabric and woven roving, kach form his its individual
adaptability to molding processes and its irdividual performance character-
istics when embedded in a resinous matrix,




Molding P'rocesses

10, The nolding process, whercls glasn Titers and res.a are combined to Yorm
a structural material, is very important in the succeasiul productlion of
glass tiber reinforeed plastics, “everal proncsses are available to produce
the desired comiination of dasien, porformance, and ccoromtic:, The principal

production procesges are licled in fable 110+,

TAZLE L

{RODUUTTON PROCESDES FOR EEINFORUED PLASTICS

Hand Lay-up Pressure Mayeling
Spray-up Autoclaving

Cold Press Molding Centrifyral Casting
Matched bie Molding Continuous laminating
Filament winding Hotationali Molaing
Pulirusion Injection Molding
Resin jection Coid Stanping

Vacuum Caszring Lncapsulation

*jt 18 beyond the otjectives and intended scope of tnhis paper to review
reinforced plastics molding technology in detail, :uch information is

available from a variety of sowrces, such as:

Fiverglas Eeinforced llastics

Owens/Corning Fiderrlas orporation Publicatior 1-iI-1998-8
(Note that Fiberglas is the trudemark {Keg, U, S, Pat, Cf,) of Owens/
Corning Fiberglas Corporation, ioledo, Chio, tor a variety of productc mnade

from glass riberc),

Reinforced llastics

Uwens/Corning Fiberglas Corporation tublieation Yeli=jleleD
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A comparisor oif basir charuciorict. g er e ROFC PORLLAl pIocesccs Are in.

dicated in Tahle 111,
TALLE T
COMDUARTSON Gk LA FRGCE CHABACTRR [ 0s

Charactoristdog

capital T ooling vrodictTen T Tecunolopy
Process Iavestvent Lost hate feguirenent
Hand [ay-up LOW v LR Tow
Spray-up Lo Low [ Lo
(‘cld Press Moliin,r K¥odernte Moterate Moderate Moderate
Filament Winding Mod, to Hirh  Mod, te fieh Low to Mod, Mod, to High
Matched Metal .. High Hin iigh Hirh
Tnjection Molding e iiigh High nigh

Principles of Production

11, There are tour major principles whixh must be recognived tor the suc-
ceseful production of plas., titer reinforced piastics, ‘theuo Principles aro;
A. The mechani~.a] Properti-g of a -lass fiter reinforeod plactic At
depend on the compined iTect o1 the amount of ¢lags fiber rein-
forcement userd ang jte arrangesant in the “nished composiie,
B. The chemical, electriral amd ttormal periermance of a reinforceq
Plastic pari ie inrluenced by the reein system used ao 3 matrix,
Ce Mateiials Sreiection, plus desien and production Yequirements, de-
termine i pxupef production process to tw used,
D, The cust-pertormance valuc achioved by 4 part is deperdent upon

#ood desien and Judiodous sclection of raw materials amd processes,




111, MARKETS FOR REINFORCED PLASTICS IN DEVELOFED COUNTRIES

12. There are few, it any, other areas of buginess endeavor which can match
the opportunities offered by 1einforced plastics. There is reputed to be
aver 35,000 difterent products produced in reinforced plastics and there

are untold thousands of new products being developed.

_ﬂgrkat Areas

13, The markets for glass fiber reinforced plasticsare usually divided into
the nine market areas as indicated in Table IV,

TABLE [V

R INFORCED PLASTICS MARKET AREAS
Aircraft and Aerospace
Appliances and Equipment
Construction
Consumer Coods
Corrosion-Resistant Products
Electrical
Marine
Transportation
Other

4. The aircraft and acrocpace market includes the market for aircraft
parts and structures plus that for various rocket and missile parts includ-
ing rocket motor cuces, The confidence factors for reinfocced plastics in
airframe andi structural components are continually improving. The Windecker
2-engine, L-passenger airplane is all reinforced plasticy wings, fuselage,
and tail. 7The Boeing 737 hus 150 square meters of laminate including prim-
ary structure in ithe elevator «nd rudder scctions, The Boeing 747 has

100 squarc meters of lamirate,including rariable camber flaps,which, due to
their particular tlexural snd strength requirements,werc impossible to




produce in metal, Aircraft applications will grow because reinforced plas-
tics can provide a gain in sirength plus an imporiant savings in weight,
Rocket and miassile applications will also increase due to both the strength-
to-weight ratio plus the high iemperature resistance which can be achieved
with reinforced plastics,

15. Although the appliance and equipment market has not been large in
terms of consumption, it is expectea to provide many new opportunities in
the near future. Appliance manufacturers have accepted reinfoiced plastics
in all its different formz, taking advantage of newer materlals developments
and mass production techniques, Applications include components of air con-
ditioners, humidifiers, supermarket cases, refrigerators, calculator hous-

ings, and inst.ument covers, plus parts for dishwashers and garbage disposal
units,

16, Opportunities for reinforced plastics in the construction market have
been and are very good, This is in spite of the fact that the construction
industry is notoriously slow in accepting change, not only in construction
techniques, but in new products. Also, building codes are not changed
quickly, The construction market includes corrugated sheet whose production
consumes the greatest amount of glase fibers and resin of any single rein-
forced plastic product produced in Latin America today, This market area
also includes flat panels, bathtubs, tub-showers, shower stalls, wash basins,
kitchen sinks, concrete pouring forms, facades, doors, window frames, etc,

17. Reinforced plastics inroad: into consumer products are diverse and im-
aginative, Products include campexrs, travel irailers, snowmobiles, all
lerrain vehicies, fishing rods, surf boards, water skis, snow skis, arch-

er;y =quipment, vaulting poles, playground eqi'ipment, swimming pools, lug-
&age, trays, lamp shades, golf club shafts, decorative fountains, and furn-
iture,
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18, The corrosion-resistant marke' is an explosive market in terms of po-
tential and sales opportunity, (orrosion engineers have found reinforced
plastics to Ve thc solution to tough corrosion problems, The cost perform-
ance advantages of reinforced plastics have been established and proven-in-
use, Technological advances have made 1! possible foxr reinforced plastic
pipe to be competitive with 60y of all the pipe used in oil fields and in
the chemical process ihdustry. Appiications for corrosion-resistant prod-
ucts include pipe from diameters of Z,5 em to 2 meters, tanks up to 280,000

liters, fume hoods, ducts, scrubbers and food processing equipment,

19. Market intelligence clearly indicates that engineers are developing in-
creased confidence in the electrical applications of reinforced plastics,
The electrical market includes such applications as poles and pole hardware,
transformer ianks, switchgear, telephone equipment, printed circuits, com-
puter parts, linec-work booms and buckets and underground substations, The
development of the market wili be further motivated by the development of
resin systems with improved weathering ard track resistance and the develop~

ment of new high performance reinforced thermoplastics,

20, Marine applications have heen a leading market since glass fiber rein-
forced plastics reached commercial proportions. The Pleasure hoat market
continues to grow and yachts, military craft and commercial boats are moving
into reinforced plastics in greater quantities. The tuture for reinforced
plastice in commercial fishing tleets looks especially promising. Today,
22,6 meter reinforced plastic shrimp trawlers are rcplacing wood boats in
Culf Coast flcets and 2.l meter reinforced plastic seiners fish Feruvian
waters,

21, ‘The lanl transportation market offers one of the larpger oppoitunities
for reinforced plastics. Opportunities for end-usge appiications of this

market are almost tov numerous to mention, The proliferation of new rein-
forced plastic component applications can be found in automobiles, trucks,




-11-

traing, trailers, mobile homes, busses, subways, containara, and farm
equipment, More specifically, there are such product applications as door
panels, deck lids, roof panels, underbodies, insirument panels, head lamp
housings, fender extensions, decorative parts, interior trim, trim rails,
heater ducts, wiring shiclds, bumper closure panels, hoods, cowl assemblies,
etc, Automotile and truck manufacturers in the imited States are expected
to use 94,000 metric tons of glass fiber reinforced Plastics in the 1972
calendar year. The projected average growth rate in the I, 8. transporta-
tion industry is 22 percert per year through 1977,

Market (rowth

22, In the 1970's the growth of glass fibver reinforced plastics will be
strong because:
A. Class fiber reinforced plastic has €ained acceptance in its own
right as a material of quality, utility and beauty, Tt is no
longer considered a cheap substitute for traditional materials,.

B. Process technology has advanced to where reinforced plastics ags a

material can compete on a cost performence basis with the tradi-
tional design materials - wood, metal, ceramics, ete,

C. Glass fibher reinforced plastics have gained the support of reput-
able concerns who have the means and desire to grow and develop
its potentials to the fullest,




23, A good indication of the market development possibilities fcr rein-
forced plastics in Latin America are the consumption and market distribu-
tion figures in the United States. In 1971, total production of reinforced
plastics in the United States totalled 444,350 metric tons, Forecasts ind-
joate the total volume will moze than double by 1976 to reach a level of
989,200 metric tons,

Market distribution figu.ses for 1971 with 1976 projections are given in
Table V,

TABLE V
REINFORCED PLASTIC SHIPMENTS IN U, S.

(In metric tons)

Market 1971 12&
Aircraft and Aerospace 11,350 18,200
Appliances and Equipment . 19,500 56,000
Construction 61,000 144,000
Consumer Coods 36,400 %, 500
Corrosion-Hesistant 49,500 109, 500
Electrical 25,400 46,400
Marine 118,000 197,000
Transportation | 99, 500 294,000
Other A 32,700 67,600

bk ,350 989,200




IV. REINFORCED PLASTICS IN LATIN AMERICA
2L, The production and use of reinforced plastics in the devaloping coun-
tries of Latin America has increased narkedly during the last J or 4 years,

Latin American production is expected to be 25,000 metric tons in 1972,

Typical rroducts

25, The larger share of Latin American production is for the construction
market, Major items include corrugated sheet and sanitary fixtures, The
second ranking production area 1s for consumer goods, (Common consumer items
are furniture, helmets, trays and face shields, A 1ist of specific rein-
forced plastics items currently produced is given in Table vJ,




TABLE VI

TYPICAL REINFORCED PLASTICE PRODUCTS
CURRENTLY PRODUCED 1IN LATIN AMERICA

Automotive
Bodies (total)
Fan shrouds
Fenders
Gasoline tanks
Grills
ileater housings
Hoods
Instrument panels
Jeep tops
Kick panels

Bus and Truck Parte
Bus bodies {total)
Paesenger seating
Truck cabs
Refrijerated boxes

Construction
Concrete forms
Corrugated sheet
Dones (decorativez
Domes (structlural)
Doors
Facades
Flat sheet
House modules
Kitchen sinks
Roof's
Shower bases
Shower stallis
Sun shades
Tubs
Tub-showers
Ventilators
Wash basins
Windows (decorative)
Window frames

Electrical
Fole extensions
Service hooms
Service haskets
Gtreet lamp housings

Furniture
Chairs
Chair hases
Cocktail tables
Dining tables
Lockers
Lounge chairs
Magazine racks
School chairs
School desks
Sofa bases

Marine
Canoes
Fishing trawlers
Outboaxrd-motor boats
Pedal-pontoon boats
Sailboats

Pipe
Chemical
011
Sewage
Water

Tanks and Tank Linings
Chemical
011
Water

Miscellaneous
Display cases
Face shields
Feed troughs (cattle)
Helmets
Lampshades
Manikins
Playground equipment
Swimning pools
Telephone booths
Tote boxes
Toys
Trays




Fotential Growth Areas

26, With prodlems of increasing consumer population, incomplete industrializa-
tion and limited capital availability, Latin America will find advantage in
the variety and flexibility ot reinforced plastics Processing methods, .-
pending on prevailing conditi ons, manufacturing may bu ireared {o low, inter-
mediate or high volume production with corresponding technical and capital
investment requirements, For example, a small product market of a few hun-
dred or few thousand parts per year might be satistied by a simple hand lay-
Up Or spray-up operation started with ap investment of a few thousand dollars,
On the other hand, the demands of a largc volume sophisticated product market
might justify a complex, more capital intensive. process such as matched-metal -
die compression molding, This va.rieiy of' processing methods, with different
technical and capital investment requirements nukes reinforced plastics pro-
duction adaptable to a variety of industrial and economic situations, The
break-even chart in Figure 1 indicates the adaptability of reinforced plastics
Processing to markct potentials and economic requii-ements.

27. There are several rarket areas, in Latin America, which have better than
average growth poténiial for reinforced Plastics, An example is the construc-
tion market, In many areas of lLatin America, as in most of the world, hous-
ing is desperately needed, The inherent advantages of reinforced plastics -
1ight weight, ease and Speed of fabrication, etc,, are all important to any-
one trying to develop mass, low income liousing, There are several explora-
tory projects underway and the key to this huge potential market is expected
to be found in the reasonabiy near future, Mexico already produces a rein-
forced plastics house (sce Figure 2), Colombia has developed a preliminary
design module for houses and school rooms, Chile is developing a filament.
wound module (see Figure 3) and Venezuela is tecoming increasingly active in
reinforced plastic housing, Although a creat deal of work remains to be done
before reinforced plastic houses become a practical reality, progress is being
made, The potential exists and the poseibilities excite the imagination,
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Spray-Up TP YT

Cold Press ow———

Matched Metal

Die ==

2 4 6 8 10 12
PARTS (thousands)

Break-even chart for molding a
particular ,52 square meter chair

Costs are U, S, costs for tooling,
labor, and materiasl,




Figure 2, (Glass fidber reinforced Plastic

house produced iy
Nexico (Courteay Vitro-Fibres 8, 4,)
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Figure 3. Glass fibexr reinforced plastic house module
£1lament wound in Chile (Courtesy of Sylleros 2, A.)
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28. Anotner key opportunity for reinforced Plastics 4z in the rarkat for
corrosion resistant products {sec "igure B), There is g larse vatin Amcricap
potential for water and Sewase pipes as well as for anti-corrosive pPiper,

The shortage of -ast iron ana steel Pipe in some arcas bar ereatit o dcmand
for pipc, especialiy for water Supply in new comaunities, The petroleun
industry which is growing alb an accclerated rate in many areas of iatin
America, offer=n Several new opportuniticg Yor botn pipes ang teeks,  Also the
repalr market for large 031 storage tanks is 3 £00d orn:., with hundrods o)
tanks in need of repair in Latin America, A Tepair with rceiniorced rlastic
is good for an estimated 20 years Service life and rosts only about 1/ the
cost of repair with steel, With the adoption of more tophiisticated apri-
culture methods and techniques, the possibilities for Jertilizer tanks and
irrigation pipes provides other opportunities in the corrosion resistunt
market,

29, The land transportation market for reinforced plastics is destined to
€row because plastics are standing the acid test on a cost/performance basis,
As evidence of this, there are approximately 200 reinforced plastics compon-
ents in the 1977 U. ©. automobiles that are identical to or noditications of
components used ipn 1971. 1In Latin Amcrica as vehicle sales increase and ag
more nations legislate periodic incrcases in the perzentage of natiorally
rroduced materials in vehicies, the increasec consumption of reinforced
Plastics is almost inevitatle, Already reinforced Plastics auto bodies are
pProduced in I'razil and Uruguay, tiuck cabs are produced in Brazil and Mexico,
and bus body parts and a variety of miscellancous interior and exterior parts

are produced in several Latin Amcrican countries see Figures <, 7, and 7).

Major automotiie Producers ar: now working on designs for a family of vehicles
Suitable for major world markets including Latin Amorica, Some of thuse will
be in reinforced Plastics,




Pigure b, Glass fider reinforced plastic tank produced ia
Srasil (Courtesy of Alpina 8, A, Ind B Ocm,)



Pigure §, Mﬂhmumm&am“hm
in Bresil (Courtesy of Heliegar 8, A,),
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Pagure §, Glass fiber reinforced plastic Jeep body produced
: ia Bresil (Courtesy of Curgel Ind, E, Com, de Veioulos)




Pigure 7. Glacs fiber reinforoed plastic bus Yody components

produced in Mexico (Courtesy of Vitro-Fibres S, A,)
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30, The marine market i another potentially good growth area, The pleasurc

boat market is growing and there ie serious interest on the part of govern-

mwents and industring to toduce larye fi shing trawlers aid other types of
P

large fishing craft, with suitable design and adequate technology and fin-
ancial backirg, the preduction of large hoats may soon prove io te an im-
portant bLusiness in ratig America,

31, Four speci’ic items which seem to have ¢ood opportunitice for market
development are water tanks, bus seats, refvigorator truck hoxes, and poles,
Tanks for reserve water Supply are commonplace for urban homes, Mast of
these tanks are now nade from cement-asbestos and are rather unsigl:t1y°
although economical, In competing with cement-astestos, reinforced plastic
tanks offer desiun variety and beauty pluu the other conventional Properties
of reinforced Plastica, As a result they are now successfully produced and
marketed in Chile, Costa Rica, and Mexico (see Figures 8 and ). Because of
the huge market for water tanks in Latin America, a gmall percentage market

penetration could result in a very good business for reinforced plastics,

32, Bus Seating with its longevity, vandal resistance, beauty and mechan-
ical pertormance, has good market potential in many areas, Thousands upon
thousands of busses are used for public conveyance in Latin America but the
use of reinforced plasiics for bus seating is not yet widespread, 1In most
cases this is due to passenger complaints that reinforced plastic seats are
"hard" and uncomfortable, These complaints stem frow the fact that the
simplicity of bus construction doves not provide sutficient isolation of
passenger seating from chassis vibration ard shock, With newer bus and

Seat-base design, passenger resistance will undoubtitedly be ninimived and the

cost/performance of reinforced plastics scating will prevail,







Figure 9. Glass fider reinforced plastic whter tank produced
in Nexico (Courtesy of Vitro-Fitras 8, A,)
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3). The market for refrigerator truck boxes has been a profitable and rap‘dly
grovwing one in Latin Anerica, These boxes are usually constructed of rein-
forced plastics interior and exterior skins on a urethane foam core, As
such they provide low heat transfer, light weight, eye appeal, low mainten-
ance cost and a sanitary surface for contact with consumer food products,

Seemingly only a small part of the market potential for refrigerator boxes
has been developed,

., As the utility pole market is being developed, the 1ighting pole market
Seems to have some immediate opportunities, 1In most arsas, aesthetics and
safety are principal factors in pole selection; but in Some lLatin American
soastal areas, deterioration rate becomes the Principal criterion, The
corrosion-deterioration resistance and longevity of reinforced plastics &lves
it & very good cost/performance,

The Challenge
35. The aforemcntioned Opportunities offer a challengs to Latin American
tusinessmen and officials, The materials and technology exist - the

challenge is one of translating the technology into productive efforts in the
Latin environment,

). Problem areae include a shortage of trained technical personnel and
linited supply of hanagers experienced in the business techniques unique
to reinforced plastics, These problems, however, are being solved,
Instrumental in their folution is the tecnnical and marketing support pro-
vided by material suppliers in the more developed countries, Also of not-
iceadle value is the establishaent of Joint ventures with experienced

wolders from Europe or the United States and the outright purchase of proven
technolocy and know-how,
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37. As a modern versatil., high-performance material, reinforced plastics
is now establishing somc impressive production growth rates in Latin
America, Indications are that thc {970's will prove to be a period of major
development and oxpansion, Increased production is expescted in all of the
latin American reinforced plastics market areas. |









