
Chapter 1

Basic Principles of Composites

Com pos ite Ma te ri als

A com pos ite ma te rial is a mix ture of at least two com po nents. One

com po nent must be “strong” and stiff and the sec ond com po nent (the

“ma trix”) must be some what less stiff, and sur rounds the “strong” par ti -

cles with an in ti mate bond. In gen eral, the best per form ing com pos ite

ma te ri als con tain the larg est pro por tion of the “strong” com po nent and

the least amount of the “softer” ma trix, pref er a bly just enough to wet

the fi bers and fill the voids. The en tire large mass then ap proaches the

strength and prop er ties of the strong ma te rial alone.

For our pur poses, the “strong” com po nent is nearly al ways in the form 

of fi bers, which are very long com pared with their di am e ter. Some prac -

ti cal stiff fi bers are glass, cot ton (cel lu lose), and graph ite. The ma trix

can be any ma te rial which can com pletely wet and sur round the fi -

bers, bond ing them se curely. In this book, we will be al most ex clu sively

con cerned with the ep oxy fam ily of plas tics, that is ap plied as a thin

fluid which hard ens in place to bond the struc ture. Prac ti cal struc tures

are then built up from as many lay ers of com pos ite ma te rial as needed

to carry the de sign load.

Composite Skins

For air craft ap pli ca tions, we will make much use of com pos ite ma te ri als

which are fab ri cated into thin sheets, roughly sim i lar to fa mil iar sheets

of thin alu mi num.  These sheets may be quite strong in ten sion (like a

rope), but, like any thin sheet (or a rope), they bend eas ily un der load

and usu ally re quire ad di tional sup port in a prac ti cal struc ture. A thin

sheet of any prac ti cal ma te rial can not sup port sig nif i cant com pres -

sion or bend ing loads.
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In this book, we will use thin com pos ite sheets as load-car ry ing sur -

faces, or skins, where the thin sheets are bonded to a thick core of light-

weight ma te rial to make a sand wich. The core acts to con strain the

thin skin from buck ling un der com pres sion. If a thin strong skin is

bonded to each side of a thick core, the re sult ing light-weight panel

will be found to be highly re sis tant to bend ing and twist ing, while the

ten sile strength re mains the same.

A Brief Di gres sion on "Stiff ness"

Prac ti cal ma te ri als typ i cally used in suc cess ful air craft struc tures

cover quite a wide range of "stiff ness." The reader will re peat edly

find dis cus sions in the avi a tion lit er a ture where au thors have ob -

served that alu mi num has ap prox i mately twice the stiff ness

(modulus) of glass com pos ite and so reach the gen er al ized con clu sion 

that a com pos ite struc ture must al ways be more flex i ble than a cor re -

spond ing alu mi num struc ture. The fact is that prop erly de signed

struc tures do not cor re spond and there fore dif fer ent de signs must

be used for dif fer ent ma te ri als. An ar gu ment based solely on the

dif fer ences in modulus does not ac count for the wide suc cess of low-

modulus wooden air craft. The WW II Ger man V-2 rocket suc cess fully

used a skin of very thin high modulus steel welded to a dense mesh of

sup port ing stiff en ers. We do not see steel air craft to day.

Composite Structures

Large hol low struc tures, like wings, cowl cov ers, and fu se lages, can be

as sem bled from a few sand wich pan els which may be ac cu rately formed 

into large sub as sem blies. Usu ally, ad he sive bond ing of the sub as sem -

blies is used, so loads are dis trib uted over large bond ing ar eas, not con -

cen trated as when riv ets or bolts are used.

When a load force is ap plied to any prac ti cal ob ject, the ob ject must

elon gate or de flect, how ever slightly. The move ment due to the de -

form ing force is called STRAIN.  If a fly walks over a steel rail, the steel

rail must de flect just enough (strain) to de velop a counter force to carry 

the weight of the fly. With very sen si tive in stru ments, we can weigh the

fly by mea sur ing the strain.
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If a load force is ap plied to an area, the force per unit area is called

STRESS. If a ten sile force of 2,000 pounds is ap plied to a shaft with an

area of 2 square inches, the stress is 1,000 pounds per square inch.

We will re fer to stress in struc tures a very great deal in this book, but we

should keep in mind  that we can only mea sure strain when we ap ply a 

test force to an ob ject.

The ra tio of unit stress to unit strain is a char ac ter is tic of a ma te rial

and is called the modulus of elas tic ity, of ten called Young's Modulus,

the "stiff ness" of the ma te rial, or just the "modulus." Di a mond is a ma -

te rial with a very high "modulus" in deed. Rub ber has a very low

modulus. Spring steel is stiffer than hard ened alu mi num, which is

stiffer than cured fi ber glass. The char ac ter is tic is very widely pub lished

in en gi neer ing hand books. 

As sume for dis cus sion that the “strong” fi ber cho sen for a com pos ite is

an ideal ma te rial which has in fi nite stiff ness and there fore does not de -

form un der load, so that all of the de flec tion (strain) must be passed to

the ma trix that grips the fi ber. As sume fur ther that the struc ture is

made up mostly of “ideal” fi bers, packed closely. The less-stiff ma trix,

then, will form a thin film which com pletely fills the small spaces be -

tween fi bers. As the sur round ing ma trix de forms all along the ideal stiff

fi bers, it passes shear forces to neigh bor ing ideal fi bers, which, in turn,

pass this strain through out the struc ture. All of the dis place ment

(strain) in the loaded ob ject then oc curs in the ma trix, but is dis trib -

uted through out the huge area of con tact be tween the fi ber and the ma -

trix.
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In a prac ti cal com pos ite, the fi bers can not be ideal, and must de form

un der load to some ex tent; but the prin ci ple works if the fi bers are

stiffer than the ma trix. In prac ti cal com pos ites, the strong com po nent is 

typ i cally at least two to four times stiffer than the ma trix.

Examples of Composites

Com pos ites are very com mon. Con crete is a com pos ite. The very best

con crete con sists of a densely packed ar ray (no voids) of nearly round,

flaw less, gran ite stones and peb bles, graded down to sand, sur rounded

by a ma trix of Port land ce ment. Ide ally, there will be a min i mum thick -

ness of Port land ce ment re quired to com pletely cover ev ery gran ite par -

ti cle, so that the well-mixed con crete will have the most gran ite and the

least ce ment. The re sult ing struc ture then ap proaches the prop er ties of

solid gran ite, ex cept that it has the con sid er able ad van tage of be ing able 

to be poured into place!

Tough metal al loys and abra sive grind ing wheels are com pos ites. In

both cases, crys tals of ex tremely hard ma te rial are bound in a less-stiff

ma trix. As bes tos fi bers have very high ten sile strength and, when mixed 

in a ma trix of Port land ce ment, make a very good com pos ite that was

used for many years in fur nace flues un til the toxic ef fects of as bes tos

be came known.

For air craft ap pli ca tions, we will be mainly con cerned with com pos ites

made of finely drawn glass fi bers (fi ber glass) em bed ded in a ma trix of

ep oxy resin. Other fi bers and ma trix ma te ri als are also im por tant. 

Wood as a Composite

Wood is both a com pos ite and a struc ture. Un der a mi cro scope, wood is

seen to be a com plex struc ture of tiny hol low cells. The cell walls are

mostly made of strong cel lu lose fi bers em bed ded (with air and wa ter) in

a res in ous ma trix called lignin. Wood has “grain”; we know that wood is

much stron ger “with” the grain than “across” it. Bam boo is an ex cel lent

ex am ple of na ture’s ef fi ciency at mak ing very long cel lu lose col umns

with a min i mum of ma te rial. Bam boo is a com plex struc ture of highly

ori ented fi bers, em bed ded in lignin, and ar ranged into a hol low tube,

with stiff en ing “pan els” at reg u lar in ter vals.
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Panels

Thin Panels

Light-weight air craft struc tures re quire much use of thin pan els that

cover large ar eas. In gen eral, some kind of sup port ing struc ture is re -

quired that col lects and con cen trates the loads. This is ev i dent in clas sic 

fab ric-cov ered air craft, where most of the skin area of the air craft con -

sists of strong cloth stretched tightly be tween rigid sup ports. Flight

loads im pressed on the fab ric are con cen trated and trans ferred to a sys -

tem of formers, ribs, bulk heads, and spars. A sheet of stretched fab ric,

like a rope, can not sup port a com pres sion load, only ten sion, so nec -

es sary com pres sion loads must be car ried elswhere by the sup port ing

struc ture.

All forces at any point on a free body, in clud ing an en tire air craft,

must bal ance to zero. This means that any ten sile forces in the body

must be bal anced some where in the struc ture by re sult ing com pres -

sion forces. In the case of air craft with wing struts, like the smaller

Cessnas or the home built Tailwind, flight loads will tend to pull the

wings up, plac ing a lift ing load on the strut at tach ment, so the lift ing

force pro duces ten sion in the strut. The strut is con nected to the at -

tach ment point at an an gle, so there must then be a re sult ing com pres -

sion load in the wing (spar), push ing in to ward the cabin. 

Sim i larly, where there is a pure bend ing load, such as out board of the

strut at tach ment, this bend ing must be op posed by com pres sion in the

top surface of the wing (or spar) and by ten sion in the bot tom sur face.

The de signer must pro vide suf fi cient ma te rial in the right places and

with the right prop er ties to carry all these loads. It hap pens that wood is 

quite weight-ef fi cient in car ry ing com pres sion, which ac counts in part

for the suc cess of the highly-evolved wood-frame air craft de signs of

World War I.

The Buckling Problem

We know that if we push on the ends of a long, thin, col umn (like a bam -

boo stick or a long piece of steel pi ano wire) it will bend out of the way

with a very small load, long be fore the in her ent com pres sion strength of 
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the ma te rial is reached. Sim i larly, if we place a piece of card board on a

flat sur face and push the edges to gether, the card board sheet will wrin -

kle or bend off of the ta ble eas ily. This is buck ling. 

Es sen tially the same ar gu ment can be made for mod ern light air craft,

which use thin alu mi num skins over an alu mi num sup port ing struc ture: 

The thin metal skin can not carry sig nif i cant com pres sion with out buck -

ling, hence the de signer must use stiff en ers (like “hat sec tions”) to re -

duce the ef fec tive panel size or must carry the com pres sion load

else where than in the skin, as with fab ric-cov ered air craft.

One ob vi ous way to deal with com pres sion buck ling is to make the skin

thicker. Un for tu nately, this adds weight very quickly if the same ma te -

rial is used through out the thick ness of the skin.

We can make very use ful “thin” skins from com pos ite ma te ri als, and

we will give quite a bit of at ten tion to that very goal in this book. These

com pos ite thin skins ap prox i mately cor re spond to thin alu mi num and,

like alu mi num, are sub ject to buck ling when com pressed in thin, long

sec tions. Prac ti cal struc tures us ing thin com pos ite skins can be -  and

are - de signed, but only for ap pli ca tions with out com pres sion.
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Torsion

We “wring out” (twist) a wet towel be cause we wish to gen er ate a high

com pres sive force on the fab ric and drive out the un wanted wa ter. We

could squeeze the wet fab ric di rectly be tween our fin gers, but we soon

learn that twist ing gen er ates more com pres sion through out the vol -

ume.

Twist ing, or tor sion, must be dealt with fre quently in air craft ap pli ca -

tions and is of ten the lim it ing fac tor in a prac ti cal de sign. In fab -

ric-cov ered air craft wings, the de signer may choose to carry tor sion

with a se ries of in ter nal steel brac ing wires which run di ag o nally be -

tween the top and bot tom of ad ja cent ribs. In alu mi num air craft, the de -

signer may use stiff en ing mem bers at tached to the thin skin, so that

lo cal com pres sion forces will not cause it to buckle.

Tor sional ri gid ity of a struc ture is sharply de pend ent on the

cross-sec tional area of the struc ture. There fore, it is ben e fi cial to

make as much use as possible of the ma te rial at the pe riph ery of

the struc ture — the skin — and that the skin must be ca pa ble of

car ry ing a com pres sion load.

Sandwich Structures

A sand wich struc ture is a beam or panel which uses a thin, strong, skin

on both sides of a core, which is typ i cally of a much lighter ma te rial.

Mod ern high-per for mance skis and snow boards are ex am ples of sand -

wich con struc tion. Most pres ent-day skis use non-me tal lic com pos ite

skins over a va ri ety of light cores. The first suc cess ful “com pos ite” ski,

by Head, used alu mi num skins bonded to a lighter wooden core, a valid

sand wich. (It is in ter est ing that Mr. Head, a non-skier, was an air craft en -

gi neer.)

For air craft de sign, the use of sand wich con struc tion gets around the

buck ling prob lem by mak ing the ef fec tive panel thick ness very large

with out sig nif i cantly in creas ing the weight. Ba si cally, the “thin” panel is

made “thick” in a very weight-ef fi cient way.

The es sen tial point of the sand wich is that a very thin (strong) skin is

sup ported by the light-weight core over a very large span so that the

skin does not buckle un der com pres sion. This al lows the de signer to
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use sand wich pan els in many places in an air craft where com pres sion

loads must be car ried, usu ally sim pli fy ing the struc ture. The ef fec tive -

ness of this de sign strat egy is gen er ally sur pris ing to the new comer,

who may be fa mil iar only with con ven tional thin ma te ri als. (See Ap pen -

dix 2 for a dis cus sion of el e men tary beam the ory and an ex pla na tion of

the the ory of the sand wich.) 

In this book, most of the at ten tion will be given to the many ap pli ca tions 

of the sand wich prin ci ple and how very well adapted it is to the use of

com pos ite ma te ri als.

Attachments - Distributed Loads

The use of com pos ite con struc tion al lows the builder to think about the

prob lem of at tach ing parts in a dif fer ent way. In a prac ti cal air craft,

there are many ar eas where large sub as sem blies must be at tached to

each other: like wings to wingtips or doors to hinges. The clas si cal

builder thinks in terms of highly stressed parts pass ing con cen trated

loads, like high-grade bolts in bush ings, lines of riv ets, and small-area

welds. The com pos ite builder can of ten dis trib ute a load over a wide

area, greatly re duc ing lo cal stresses and usu ally avoid ing com plex ity.

Com pos ite de signs lend them selves to the use of very large one-piece

sub as sem blies, such as half of an en tire fu se lage or a con trol sur face

which con tains no in ter me di ate fas ten ers at all. These sub as sem blies

may be joined by ad he sive bond ing over very large ar eas which per mit

low stresses.

Environmental Factors - Postcuring

Com pos ite ma te ri als have the great added ad van tage of being es sen -

tially im mune to cor ro sion. They do not rust. They do not ab sorb wa ter

to a sig nif i cant de gree (hence their great suc cess in boats). They are

dimensionally sta ble. They do, how ever, have lower tem per a ture lim its

than met als and may be sub ject to de te ri o ra tion due to ul tra vi o let light,

un less sim ple pre cau tions are taken.

The com pos ite ma te ri als to be de scribed in this book for use by the

home builder re quire an aware ness of tem per a ture lim i ta tions. Mod ern

com pos ite ma te ri als, post-cured as de scribed be low, re tain safe
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strength in very hot en vi ron ments, as long as the air craft is not stored at 

a tem per a ture which ap proaches the soft en ing tem per a ture of the ma -

trix. In prac tice, this would al low stor age up to about 140 de grees F.

Most build ers will agree that this is not an im por tant lim i ta tion.

Importance of Postcuring

The home builder will not have ac cess to the ex pen sive tool ing and cur -

ing ov ens used by the main line air craft in dus try. Layups must be made

and cured at room tem per a ture. Fortunately, the am a teur can get al -

most as good prop er ties in a cured com pos ite as can the well-tooled

pro fes sion als by heat ing the fin ished part in a tem po rary home-made

oven for sev eral hours, even us ing so lar heat ing. Postcuring can be done 

at any time af ter the ini tial room-tem per a ture cure, so build ers usu ally

find it con ve nient to postcure sev eral pre vi ously cured parts at one

time. 

Briefly: the pro cess of cur ing a two-part resin never quite com pletes

over time. To ward the end of the cur ing pro cess, as the ma trix be comes

quite solid, any re main ing unreacted mol e cules of the two parts find it

much harder to move to com bine with a part ner. The ini tially-cured ma -

trix, like most non-crys tal line plas tics, will have a tem per a ture at which

it just be gins to flow. Ma te ri als sci en tists call this the glass tran si tion

tem per a ture, or tg, com par ing the ef fect to the soft en ing of glass. For

the ep ox ies typ i cally used in air craft, tg will be about 40 de grees F

higher than the tem per a ture at which the sam ple was cured. Postcuring

con sists of rais ing the tem per a ture of the work piece to just be low the

tg point and hold ing it for sev eral hours. The ad di tional cur ing that

takes place at the higher tem per a ture raises the tg to a new, higher level. 

(Dur ing postcure, the part is soft ened, so  it is sub ject to de for ma tion

and must be held in po si tion by ap pro pri ate means.) 

Basic Materials

In this book, all of the Ex er cises and most of the dis cus sion will in volve

the fol low ing ma te ri als, all cur rently widely used for the light-weight

struc tures typ i cal of com pos ite air craft home build ing:
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Reinforcing Fibers

The most widely-used fi ber is com mon bot tle glass, known as “E-glass,”

which is drawn into very fine fi bers, then spe cially coated for ad he sion

with the ma trix, grouped into yarns, and de liv ered as wo ven cloth in var -

i ous weights and types of weave. (See Ap pen dix 3 for a de tailed dis cus -

sion of the fi bers and weaves used, in clud ing spe cial high-per for mance

fi bers, such as S-glass and car bon.)

Matrix Materials

We will use one of the sev eral two-part ep oxy prod ucts sold by the air -

craft sup ply houses for the homebuilder trade. (See Ap pen dix 3 for a de -

tailed dis cus sion of ma trix ma te ri als, in clud ing a com par i son with the

poly es ter ma trix ma te ri als widely used in boatbuilding, but not used

here.) 

Core Materials

Foams: We will use very light-weight rigid foams as the pri mary core

ma te ri als in a struc tural sand wich. These foams will be used in two

ways: (1) to serve as forms that de fine a shape for a skin which is added

af ter the foam is shaped, and (2) in cluded as a core when  form ing a

sand wich skin, us ing a mold or “tool”.

Other Mixes

Syn tac tic foam is a mix ture of the “reg u lar” ma trix ma te rial used and

tiny hol low glass “microballoons,” usu ally called “glass bub bles” in cat a -

logs. The builder first mixes up a batch of ep oxy ma trix and stirs it well,

then adds sev eral vol umes of the ex tremely light microballons, de pend -

ing on the ap pli ca tion. Build ers re fer to both the bal loons them selves

and the mix ture as “mi cro,” for short. Es sen tially, the microballoons act

to di lute and ex tend the liq uid ma trix while dis plac ing the much heavier 

ep oxy. The ep oxy hard ens to cre ate the equiv a lent of a foam. Slurry is a

thin mix ture of ep oxy and mi cro, about 1:1 by vol ume, which is used to

fill and bond the in ter face be tween the core and the skin. Slurry can be

ap plied with a paint brush. Me dium or wet mi cro, 1:2 to 4 by vol ume, is

a mix ture with about the con sis tency of heavy cream which is used to
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bond pieces of foam as needed. “Dry” mi cro or "paste ," 1:5 to  6 by vol -

ume, is a thick mix ture which will stand up in the mix ing cup like pea nut 

but ter and is used to re pair foam and to fill any voids in a core. It also

may be used as a sur face filler. (See Fill ers, be low.) Dry mi cro may be ap -

plied with a trowel or squee gee.

“Flox” is a spe cial case of a core ma te rial which is made by mix ing cot -

ton linters (es sen tially in di vid ual cel lu lose fi bers) into pre mixed ep oxy

to the con sis tency of pea nut but ter. The re sult is a true com pos ite which 

may be troweled into po si tion and which hard ens to form a very strong

and tough struc ture. (Again, build ers re fer to both the raw, un mixed fi -

bers, and the ma te rial when mixed with ep oxy, as "flox.") Flox is much

too heavy for gen eral use as a core, but is used in spe cial ap pli ca tions,

such as pass-throughs for bolts, or for high stress cor ners. In some ap -

pli ca tions, weight can be traded for strength by mix ing an equal vol ume

of mi cro with the cot ton flox.

Adhesives

Struc tural ad he sive is a spe cially for mu lated two-part ep oxy which has

the prop erty of ex tremely good ad he sion to cured ep oxy. It is also some -

what less stiff than the glass struc ture it bonds, so that the shear ing

stress on the joint can be passed into the bond ing area. (Chap ter 7 ex -

plains why this is im por tant.)

Fillers

The cured sur face of an open layup al ways leaves the rough pat tern

of the cloth weave and has high and low ar eas that need to be filled and

ad justed to level with a light-weight, eas ily sanded fill ing ma te rial. The

au to mo tive in dus try of fers a wide range of sur face fill ing sys tems, some 

of which are ap pli ca ble to air craft fin ish ing. Air craft sup ply houses of -

fer fill ing sys tems spe cif i cally de signed for com pos ite air craft.

We will make ex ten sive use of au to mo tive poly es ter body filler, sold ev -

ery where un der the “Bondo” brand, but we will not use this ma te rial to

carry struc tural loads. We will use it only for tem po rary jig ging and

clamp ing of parts. Vari a tions, which are eas ier to sand out, are sold as

“Non-Clog Light weight Filler” or “Fin ish ing Paste." The un mixed ma te -

rial is a paste about the con sis tency of pea nut but ter, to be mixed with a

1 - Basic Principles of Composites

 Sam ple Chap ter - Or der through www.Aeronautpress.com      15



small amount of cat a lyst in very small batches, as needed. Set ting time

is about three min utes af ter mix ing. All these ma te ri als are sty -

rene-based and will dis solve poly sty rene foam core ma te rial if they

come in di rect con tact. They are en tirely sat is fac tory on polyure thane

foam. Poly sty rene foam must first be coated with ep oxy, to avoid at tack

by the sty rene.

Very dry mi cro, briefly de scribed above, is an ex cel lent filler, and is light 

and cheap, but it is quite dif fi cult to han dle as a sur face filler and most

build ers try to use some other fill ing method for sur faces.

Mold-making Plasters

We need a quick, cheap way to form com plex shapes like wingtips and

fairings. This shape can then be used to sup port a layup di rectly or to

make an ac cu rate mold to shape the part. Home sup ply stores carry a

wide range of wa ter-cat a lyzed prod ucts like plas ter of paris and its de -

riv a tives, patch ing plas ter and dry wall com pound. Gen er ally, the mold

builder will want to use a fast-set ting, non-sandable, sta ble ma te rial like

plas ter of paris or Fixall which has a good pro por tion of sand in it as a

first rough ap prox i ma tion to the de sired sur face. This sur face will be

fol lowed by a layer of dry wall com pound, which is readily sandable.

The ex pen sive auto body fin ish ing ma te ri als can then be used to form

the fi nal sur face.

Gelcoats: Why Everybody Else Uses Them

In the main-line world of high-pro duc tion com mer cial molded com pos -

ites of such prod ucts as boats, shower stalls, car bod ies, trash bins, and

pretty col ors, what the buyer sees as “fi ber glass” is the sur face gelcoat.

In com mer cial pro duc tion, the gelcoat is a non-re in forced layer, al most

al ways poly es ter, which is sprayed into the mold as a liq uid and forms

what will be the fin ished out side sur face. Af ter an ini tial setup, what -

ever fi ber-re in forced struc ture  re quired by the de sign is added. The

gelcoat is usu ally a spe cial for mu la tion and con tains color pig ments

and ul tra-vi o let in hib i tors as well as fill ers to re duce cost and in crease

“stick i ness.”

Ad vanced Com pos ite Tech niques
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The ad van tages of the gelcoat are so great that its use is al most uni -

ver sal in com mer cial pro duc tion. Any dust or dead bugs that may be

around can be safely in cor po rated in the gelcoat. The frag ile mold re -

lease film is pro tected from any shop dam age which might be caused by

add ing the fi ber lay ers. In fact, a large part of com mer cial fi ber glass pro -

duc tion is made by “chop per gun,” in which chopped glass fi ber and cat -

a lyzed resin is sprayed into the mold, much like mak ing a gunite

swim ming pool. Crafts man ship may not be the first pri or ity and weight

sav ing is not thought of. The mold ing pro cess pro duces a smooth sur -

face with very low la bor cost. Shop man u als for the gen eral trade de -

scribe gelcoat tools and tech niques at great length.

Gelcoats are used in some kit air craft pro duc tion, but with greater at -

ten tion paid to thick ness con trol and a higher level of crafts man ship.

We choose not to use gelcoats for high-qual ity homebuilt air craft for

sev eral equally im por tant rea sons: weight be ing one. A small air craft

has a lot of sur face area and a 12-mil gelcoat will add about fifty pounds 

of es sen tially non-struc tural weight. An other rea son is that we use the

ep oxy fam ily of ma trix ma te ri als - rarely poly es ter - and most avail able

gelcoats are not com pat i ble.

The “price” paid for not us ing gelcoat is ba si cally more work. Mold re -

lease is not as easy and we don’t get a “free” fin ished sur face. The re -

ward is lighter, stron ger, ac cu rate struc tures.

The fol low ing chap ters will de scribe the spe cial tech niques use ful in

high-per for mance gelcoat-free homebuilt struc tures.

1 - Basic Principles of Composites
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