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How to UseThis Pamphlet 	 4 
The secret to successfully earning a merit badge is for you to 
use both the pamphlet and the suggestions of your counselor. 

Your counselor can be as importantto you asa coach istoan 
athlete. Use all of the resources your counselor can make 
available to you. This may be the best chance you will have 
to learn aboutthis particular subject. Make it count. 

If you or your counselor feels that any information in this 
pamphlet is incorrect, please let us know. Please state your 
source of information. 

Merit badge pamphlets are reprinted annually and requirements updated 
regularly. Your suggestions tor improvement are welcome. 

Who Pays forThis Pamphlet? 
This merit badge pamphlet is one in a series of more than 100 covering all kinds 
of hobby and career subjects. lt is made available tor you to buy as a service of the national 
and local councils, Boy Scouts of America. The costs ofthe development, writing, and 
editing ofthe merit badge pamphlets are paid for by the Boy Scouts of America in 
orderto bring you the best book at a reasonable price. 

Send comments along with a brief statement a bout you rself to 
Pilots and Program Development, S272 

Boy Scouts of America • 1325 West Walnut Hill Lane • Irving, TX 75038 
lt you prefer, you may send your comments to merit.badge@Sc 	g.org . 
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Requirements 
1. Do the fc,::,: 

a. Explain to vour counselor the most likely hazards vou 
mav nie ri- 
als a:::.:.:.o s.c:..g:cand 

.e the 
appropriate safee: cc.: 	 s.Jd be 
used when workin 	 iiiaieias. 

b. F.x'ain t'e 'reciutio"s 	be tke "ben  
an(-. •::s:'•:•s::c :)f res.:. 

menis, a:i 	mac:s:sed in compcsi* :clude 
in your C:sC.JSS1Ofl thc :::portance of heali, 
and envi:•::mental res:nsibilitv and  

c. Describe what a material saf:. data shc« .Si 	is 
and teil %vh\ ,  it is used. 

2. Da the follov.::: 

a. Explaln 	composite ma::::als are. lnclude a brief 
historv of compcs:s and hc.v ::c:: have developed. 

h. Con::: 	simiiar' - cz and ciirierences :.veen 
cons:s and woo., .1uminutn, coppe. .::.--id steel. 
.)c:ribe the physical, electrical, mechani:r c:::osive, 
:T:::imah:1::., cost, and cc such prope::c-. 	each 

i uxese 	mateta. e. •ane exa'.. r'!e 	... .. it 
can be shaped a; 	::: a sp::: 

3. Describe how composite materials are made. Then do 
the iollowing: 

a. Discs- three dif:- - . 	:::osite reinforcement 
negative characerss, 
i..)3 for each or:. 

discuss the toxic:. disposal, and safe-handling 
sections for these materials. 
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b. Discuss three different resins used in composites, 
their pos::::e and negati:cc :.:acteristics. and their 
uz—:::: the .SDS lor 	anc.;s.:ss 

and  
rnateria;. 	ide thermoset re: 	and 

	

thermoplastic resins in vour disc 	on. 

c. Für cch of the three resins .o: 	sx require- 
men: . !nk of a new appiicauun that might be 
wort.-  

vour parent's permission and your counselors 
approval, clo ONE of the foilc:g: 

a. V s : a companv that manufactures or repairs 
I7::ucts ::c 	 :c-s. Discuss vhat 
vf:: lean: 

b. Find three composites-related websites. Share and 
c:jss vh: vou learn v.:h vour counselor. 

5. Do the following: 

a. Use composite materials to complete two projects, at 
ie: •:::e of which m:.:: c::::e frc::. : . .........:::::e 

	

merit hadge : ::.::hiet. 	;cect 
may come from the p.:: - :h o: OR ma: orte you 
scic-c: on your ow : iat has been approved hy vour 
cc:::seIor in advace. 

b. \V::: vour 	's&er's 	a"ce. 	•' ape 
S i - m- -.:here :.c ‚:.:: 	::: :. 	 :: ::::::pletc..: 
vour cour:sc-:)r's 	and/or the supervision 
of :±:/ 2)prO 	:.:: 	.nselor who is 

ah,:.: 

c. :::..: 	inselor, determine how the finished 
proiects w:.. :e ev:: :.:c/. Using those guidehnes, 
ev:..:ate tne completeci pro iects with your counselor. 

6. 	abot :cc 	 eer opportunities  
Pick :: 	sind out the  

.. ...his profc: .. 
w:::: . :':.: r co: 	'lor, and explain why this profession 

;eres GU. 
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Note to the Counselor 
Man' use!, evervdav products are —ade of composite materials. Earning the 

merit '.ge 	Scouts a chance to learn about composites: 
what thev are, how thev are made, and how thev are used. Scouts have the 
opport(:::v to put their new knowledge into practice as they create items using 
compos::e materials. 

This opportunity poses some inherent safety and health concerns. A Scout 
working on the C::: 	:erials merit 	ge w:1 e ex'oed to haz:dous 
materi&s. The 	::.. : :: 	'kep. !ight. ut n..ter sl cd the Sccz be afraid 

This merit bIze can be earned 
safelv and without harm tc ::........2111t5 heaith. Be sure the Scout receives proper 
inst::ction in 	'.: T :::diing of composite maters frorn a competent and 
res;:::sible adu: 	.::c - vledgeable about compos:es. 

Encourage all Scouts to use n :r:ial safety data sheets (MSDS) to learn how 
to protect themse..'es frorn har:r . ..........................V5D.  
pret''ea Scout l- o handle the  
lar hzardous mate:.. You, as the counselor, r - :t be thoroughly :.: v.- :: h all 
the hazardous materials used in the proiects the Scout selects, and ensure that he 
fuIl :;-:sa n. s hose zards. 

er:ais h.: a powerful smell. To protect Scouts from overexposure to 
chemical vapors, make sure all projects are done outdoors in a large open area to 
pre-::: 	uildup of chemical 	'.ents, such a 	:etone, are flammable 
anc 	e kept awav from a.i p::t. sources of ig:::on, such as electrical 
toc . s:s. flames, •'.'rks 

t s hcjHv eoommended that ah ccmaoste matenas-
aaatea actv:hes a  carr;ed out 	groups of two 
threeSCOLIrS, Condust the proects outdoors, where 
marc s fent' of frash er, 

:he appropriate personal  
including buh,. haid, and eve/face protarhan and foot cuuch:m- h:u:euh:e hc:ning 
not Cy prever•:s axposure to hands, eves, and face, but also keeps hazardous materi-
als iruin contaiunnating rurset clothes. 

lt is highly reromn:: :led that Scouts work in small groups of two or three 
on their projects. As with all merit badge proiects, wcd for this merit badge rnust be 
done u:.der qualified adult superhsion tu easurc that Scouts :aa a ca:afrh. .Iisciplineci 
approa:d- With the proper care, p:acaut:uns, an-- 	a-u:isior, Sccu:s cc:: afelv enjoy 
lear:.::.: 
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SpaceShipOne during initial assembly, far üghtThe project, which was 
funded sotely by Microsoft cofounder Paul G. Allen, 'ed to the workIs 
first privately piloted spacecraft to fly beyond Earth's atmosphere. The 
srnall, round windov cm SpnceShipOne heip minimize its weight and 
structure ioad and allow the pot to view the horizon while in flight. 
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How Are Coffi, 	Aade? 

Saietv and Environmental Awarene 	 • 43 

Vour Composites Proiects... 

Careers in the Composites lndu 
	 71 

Glossarv 

Composite Material 

SpaceShipOne photos courtesy 2OO4 Mojave Aerospace Ventures IIC, 
by David M. Moore. SpaceShipOne isa Paul G. Allen PToject. 
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What Are Composite 
Materials? 
Composite materials are all around you, though you probabiv 
don't cail thein that. Composites make bicycies and skis lighter, 
kavaks and cannes stronger, houses warmer, and helmets 
tougher. You can find composites just about everywhere: 
in airplanes and Sports cars, golf clubs and guitars, boats and 
baseball bats, bathtubs and circuit boards, and even bridges. 

So what ure CoinpoiteS? 
Generaily speaking, a composite is a combination of differ-

ent components or elements. In photography, for example, 
combining many individual photographs into one picture creates 
a composite photograph. In the movie business, a film with the 
picture and the soundtrack side by side on the same strand of 
film is a composite print. 

For your work on the Composite Materials rnerit badge, 
however, think of a composite as a material made from two 
or more different materials that, when combined, are stronger 
than those individual materials by ihr'mselves. 

Composites can be natural or svnthetic. Wood, a natural 
composite, is a combination of wood fibers and a substance 
called lignin. The fibers give the wood its strength; lignin i« 
kind of natura! glue that binds the fibers together. 

Definitions of 

words shown in 

bold print appear 

in the qlossary 

atthe back of 

this pamphlet. 
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1 
The adobe bricks 
used o build walls 
in SOfl1 	ancent 
civzations were 
one of the first 
composite materie 

When Scout troops travel to the Philmont Scout Ranch 

in northern New Mexico, they sometimes stop by the 

Taos Pueblo, about 50 miles awayThe Pueblo Indians 

began constructing their settlement's main buildings 
out of adobe between A.D. 1000 and 1450, long before 

Christopher Columbus arrived in America.Those build- 

ings still stand today. 

Other composites are synthetic (artiicial or made by 
humans), and rnanv of thosc hvc hccn 	und for thnusnds 
of 	ear. Ai 	cnl pcoples 	nund inc 	!iuuie adc.bL ndcks, 
combining straw and mud to form a composite that is stronger 
than eiher ti 	s! -"w or the rriud b 	itself. 1\•iudern bu 	ccrs may 
use sftcI an!. 	.unc.?te—a 	 that 	iaes buudug 
i1atciuuS Struluz .lFid stiff. 

10 	COMPOSITE MATERIALS 



Te ccxs:e aeras vou will leam abmn fix -  -,his met 
ers and glue. b .:iv sirnular 

adobebiich. Modern composites. how;er. have 
a: valuabe properties thaz pu bem far ahcr 

higerkal versons. Thfs pamnhiet w:II i.:::duce 
es er qualites, show von where and how cmp: z,. cs 

are used. and take von rhrough ihe naps to mals wur 
cornposiees produc:s 
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The History of 
Composites 
Thousands of years ago, the ancient 
Egyptians combined mud and straw 
to make adobe bOcks. Mongol \varriors 
in the 12th century A.D. made arc!lery 
bows of composite materials. Over a core 
of bamboo, animal tendons were placed 
on the tension side (the outer surface), 
and hort on the conipression side 
(the inner s racej. This Iay-up was 
tightly wranped „- ith sdk, and the entire 
bow sea!ed with pine resin. With these 
superior bows, archers could hit targets 
(rom 490 yards (the length of nearly five 
footb.ill fieicts). Sorne of these hows, now 
more titOfl 900 yedrs old, were tested by 
a museum and found to be almost as 
strong as modern composite bows. 

Modem Composites 
Lee Baekelnd. a chemist. introduced the modern era of 
coniposite 	1L11,17, .'th bis creation of Iakelite, one of 
the firr 	ruhr ft resns. I'he resin itself 	verv brittle. 
Hoveve!, Dr, haokeanLi iound that cornhitu; ceilulose 
with Bake! c :reated a subsiance that was strenger and less 
brittle. The first commercial use of this new composite was 
to make gearshift knobs for the 1917 RolIs Royce automobile. 

COMPOSITE MATERIALS 	13 



Cellulose is a substance that strengthens the sterns and 
leaves of trees and other plants. Wood is about half 

cellulose. All fruits and vegetables contain cellulose.The 

stiff stalks of celery, for example, are rich in cellulose. 

Resins act as the 

glue that holds 

composites 

together. A natural 

resinthatyou 

probably know 

is pine resin. 

Different types of During the 1 920s and 1930 	new and htter rcsus were 
credted. Then, in the late 1930,s, theOvensiIiinois coinpany 

resins that are developed a process for drawing glass into thin strands or 

used in composite fibers. These new glass fihers, when combined wilh hic newer 
synthctic 	poN'esterj resins. produced strong and 1ghtweight 

materials are composites. Oie of the firsi prodiicts 10 be nnide wiLli these 

covered in the flw composites was a hoat hull, manufaciured in the 1930s 
using fiberglass fabric and polyester resin. 

How Are 

Composites 

Made?" chapter. 

1 
Glass fibers 

14 	COMPOSITE MATERIALS 



1 
ns:de epsd 	:nher dunng 

rri 	ii. 	I:. rnzav was 	for an'. 	.iter. 
zoud retcewegh wIe nprcv:nz t:eagrh and ofe::ng 

goed re:sace t 	weather and he cerrosve eieczs of sai 

arandwa: 	TheU.S 
:hese proneiiea c-f 	 im niaav arcrafr and wr 

do war. :be 	se of cornpoes grew qkiv. dars. 

nirks apori 	ca:. strag 	:anks. r'c'e. and ducaimos 
anv 	.s...52 

ut!t inng 	rsit's. 
The rroeses 	veorei 
d;rng 

sed odav. wdi 

srme niner 	rovenets 
'r 

\ ! 	1 
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Fishing poles made with modern composites are extremely flexible and durable. 



COMPOSITE MATERIALS 	17 

Metals, Wood, and 
Composites Compared 

1 

The chart on the following 
pages shows similarities 
and differences among 
composites and 
other materi&s. 

Why Use Composites? 
Modern composites are often used as strong, lightweight 
replacemcnts for traditional rnatei -ials such as mctal and wood. 
In manv ways, wood s a great bLuldlug material. lt is strorig, 
abundant, and relatively light. But lt has some dkadvantages. 
lt ismuch stronger along the grain thau across. lt can twist 
and wap. Aud lt swefls and shrinks as humidity changes. 

Mocl can rot, and metal cau rust or corrode. Metal can 
also suffer from fatigue—it may weaken or fail under 
repeated stress. 
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Composites can be manufactured to have properties differ-
ent from other materials, properties that can offer advaitages 
over traditional materials. Here are examples of those properties. 

LIGHT WEIGHT 
Composites are light in weight, compared with most woods and 
metals. Their Iightness is important in automobiles and aircraft, 
for exmple, where less weight nwans hetter lift and better 
fue 2ffic ienCy (niore niiles to the ga1ioi). People who design 
airplanes are greatly concerned with weight, since reducing a 
craft's weight reduces the amount of fuel it needs and increases 
the speeds it can reach. Some modern airplanes are bnilt with 
more composites than metal. 

HIGH STRENGTH AND 51 jEa, 

Composites can be designed to be far stronger than aluminum 
or steel. Metals are equally strong in all direcnns. But compos-
ites can be engineered and designed to be strong in a specific 
direction. For the same weight, composites can be four to six 
times stronger than steel. Bec1T1se of the abilitv to design 
stiffness into composites, they can be made lighter than many 
met)l structurcs and still not bend under baUs. 

Cuinposites can be rnade to resist bendiiig in one direction, 
for exinple. \Vhen something is built with metal, and greater 
strength is needed in one direction, the material usuailv must 
be made thicker, which adds weight. A coinposite can 1w strong 

'ithout .cing heavy. Composites have the liighest stritieio-
weiglit ralios in structures today. 

Metals are 

isotropic, 

meaning tliey 

have uniform 

properties in 

all directions. 

Composites are 

anisotropic, 

having different 

properties in 

different directions. 
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Strength Related to Weight 
Strength-to-weight ratio is a material's strength in relation to how much 

lt weighs. Some materials are very strong and heavy, such as steeh 

Other materials can be strong and light, such as bamboo poles. 
Composite materials can be designed to be both strong and light. 
This property is why composites are used to build airplanes, whch 

need a very high strength material at the lowest possible weight. 

CORROSION RESISTANCE 

Because they do not rust or 	 - 
corrode, composites resist 	 . 
damage from the weather 	Bulletproof vest 

and from harsh dewicals 
that can eat a'.vav 	otiter 
materials. They are good choices to use where chemicals are 
handled er stored. Outdours. thev stand up to severe weather 
aol wide chanues in teeleeratire. 

HIGH-IMPACT STRENGTH 

Coinposites can be made to 
absorb impacts----the sudden 
wallop of a builet, for 
instance, or the blast from 
an expiuion. Because of 
this poperty, compusites 
are used zn bulletproof 
vests and panels and to 
shield airplanes. huildings, 
and nihtr\ vehcIes 
from expiosions. 



VOM DESIGN FLEXIBILITY 

)mposites can be molded into 
• 	 mplicated shapes more easily 

tiian i1Ost other nateuJais. This 
gives destgncrs the lreedom to 

JJ create almost any shape or form. 
Most recreational boats tocav. for 
example, are buh from fihergtass 
composites becausc these nioteri- 
als can easily be molded into 
colnpiex shares. which 	mnrove 
bett desig: 1 	 krvet 	COStS. 
The surface of cor 
also be rnolded to ntmic any 
surface finish or texture, from 

1 4 smooth to pebb}y. 

PART CONSOLIDATION 

A single piece macle of composite rnateria!s can replace an 
enurt' assernbly of rnetal parts. Reducutg Ute number of narts 
in an automobile or a structure saves time and cuts down on 
the maintenance needed over the life of the item. 

DIMENSIONAL STABILITY 

Composites retain their shape and size when they are hot or 
coQi, wet or.  drv. Wood, on the other hand, swells and shrinks 
as the humiditv changes. Composites can be a better choice in 
situations d€ ,--ding tight fits that do not vary. They are used 
in aircraft wings, for exantge, so that the wing shape and size 
dc) not change as the plane gains or loses altitude. 

CONDUCTIVITY 

Composites are nonconductive, meaning they do not conduct 
electricity. This property makes thorn suitable for such items 
as electrical utiiity poles and the circuit boards in electronics. 
If electrical conductivity is needed, it is possible to make some 
composites conductive. 
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MAGNETISM 
Most composites contain no metals ancl, therefore, 
are not magnetic. Thev ::n be used arouncl sensitive 
electrc:c equipmc:i:. 	':ck ofT4netic int:rence 
also Ie: :e large ::::g:.:: :d in h:spital MR :llagnetic 
resonance imaging) equipment perform better with 
co:c•:s. MRIs  
an: :::es insde 	patieii sb:Jy, a3.:;8 	to 
se: :::i wit :..: surgery. 

RADAR TRANSPARENCY 

Radar sign 	-' iss 	:::r: gh cc 	a n'mertv 
that makes :.: 	 :iater.::: use vvhere 
radar equipment is operating, whe. 	- the grouncl or 
in 	r. Onpos:e play je. 	 aircraft. 	s.:ch 
as 	For 	B2 	 chisne 
invisible to radar. 

LOWTHERMAL CONDUCTIVITY 

Comp:- :s are good insul.tor—they do not easily conduct heat 
or cold ihc-y are t: 	 tor doors, panels, and '.:ndows 
where extra protection is needed from extreme temperatures. 

DURABILITY 
Structures made of composites ha', e :. long fite and need 
little maintenance. We do not kno: :0w 1::.; cornposc 
last, becan;zc we have '- "'-: . •_ i;c 

man orig:::1 compos: s.::: 	 ::'.: 	in 
service tor half a cent:::. 

Composites are 
good materials tor 
building radomes 
(radar domes), 
which are the 
bubbies or nose 
cones that enciose 
airbome or 
ground-based 
radar equipment. 

US Co:st Gu:m b::  
u 05 .s:g 	om:ost 	er.3s. Tnes 
o:dE, -..''- : 	e:rv tj7Cs :he r, te. 

5e\ce because the OS:3fl f3S 

occt 1 	:r b-:ets ;iee aecommss:orect 
:os s :„ere tro-ougHv T5S0 and fo.nc 

to He :st 	2103 narcen t tter 	r.o 
rsco: du :g 2 5 vsas nf onol 
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Where Are Composites Used? 
You have seen s ome of !he 	t!it connosites are used. Hofe 
are ::e ex ::cs.;e 	:h.: A voi: ::ght find surprisi::a. 

Aircraft and spacecraft. Cornposite matt 	2 used in new 

	

pIa: 	::::itan' drones 	 .:::aft). In 

	

•.:::osite 	ve: 	 first 
U.S. 	:ation. NASA  
futu 	A comp:: 	Sni Composites 	- 
rnatu:;.s:: 	 :-is. nrst pnvatelv owne: 	acecraft, 
whic - 1 •n:o:o 	- 	::c 	:n-setting flights in 2004. 

1 

Elation 
foot covers 

j 

ArtifkdI mIlob uwue 0v composite rnvurous cari be rormed 
to closely resembie their human coun:erparts or to improve 
function, such as this runner's foot. Pictured here, Marion 
ShHey is che Paralympic world record haider in the lOOm run. 

Bicycies. B  vcle:: 	witt: umposite ::.: 	:::e much 
Iightu: ::o:i hikes 	: :ave i:o:iI frames.  
r:vsn in racing o:c:ts such as the Tour de France weich as 
linie as 15 pounds—the ::::mum the rules allow. 
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Composites are used in 
the shell of this replica 
motocross helmet. 

Boats. The most prevalent use of composites has been in the 
marine industry. Composites have replaced wood and alumi- 
num in many of today's recreatio -zulwatercraft. In military The first Chevrolet 
applications, ships are being designed with composites to 

r maine applicaiions of give them stealth cjuaiities. Othe 	r Corvette in 1953 

composites include minesweepers, sonar domes, and even had a fiberglass 
personal watercraft. body. Todays 
Buildings. Doors, window frames, countertops, tubs, showers, 
domes, towers, and other structures are made of composites. models continue 

Used on the outside of buildings, composite materials may be to use composites 
made to look like stone, concrete, or even wood. extensively, using 
Cars. in soorts cars and other vehicles, composites are found 

carbon-fiber front 
in fenders, wheel wells, hoods, and iloors. Used in body panels 
and truck beds, and even under the hood, composites reduce fenders, wheel 
the number of individual parts and make vehicies lighter, wells, and hoods. 
whch makes them more fuel efficient. Top fuel dragsters, funny 
cars, and oder race cars have strong, 	ight composite hodies. 

Communications satellites. Satellites in space undergo huge 
shifts in temperature, from searing heat to subzero cold, which 
can cause materials to expand and contract. Rather than use a 
material like aluminum for antenna parts, manufacturersuse 
composites that do not expand and contract as much. 

Musical instruments. Traditional wooden guitars 
can shrink or sweH s the humidity changes. Guitars 
made of cornposits cail avoid Uns problem and 
still mimic thc und qualities of wooden guitars. 

Racing helmets. Race-car drivers wear helmets 
made of tough, shatterproof, lightweight 
composites. The excellent impact strength 
of colnposites (along with a li o otier 
safety gear) helps drivers to survive crashes 
at 200 mph. 

Sports equipment. Composites ire replacing 
WOOd and nwtal in fishing rocs, Roms rackets, 
kayak paddles, windsurfing masts and boards, 
hockey sticks, hsseball and softball bats, golf 
clubs, arehcrv conpound bows, and many 
other kinds of sports gear. Olympic athietes 
use equipment made of composites for their 
lightweight and strength qualities. 
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How Are 
Composites Made? 
Composites are made from three basic ingredients 
or cornponents: 

• Fibers—the reinforcements that carry loads arid 
give composites their strength 

• Resins—the polymer (plastic) or glue that holds 
the fiber reinforcemerits and the composite 
toge]ier, protects he fibers fron ihe environment, 
and transfers loads between the übers 

• Fillers and additives—ingredients that give 
composite materials special properties 

For this merit badge, we define composites as 

"a material that is made up of two or more 
materials that when combined are stronger 
than the individual materials" Another term for 
composites is rein forced plastics.The composites 	 r 
industry uses a more specific term: fiber-reinforced 	Fiberglass cloth 
polymer (FRP) composites. A polymer is a chemical 
compound made of many identical components linked 
together in a cham. "Polymer" and "resin" are inter- 
changeable terms, so in this pamphlet we use the more 
familiar word, resin. 

Composites are shaped in or on molds. A common 
technique is to laminate (layer) resin and reinforcements 
onto a Iightweight core material such as balsa wood. 

Engineers and designers can choose from many types of 
rcsins nd fibers tu create comonsites with specific oroperties 
for specific uses. T.et 5 take a ciosor ')ok at each o hcse ingre-
dients, then at the methods for molding them. 

COMPOSITE MATERIALS 	29 



Resins 

Resins used in composites can be either thenttoset or 
thermoplastic. Thermoset resins are changed from 

AIIPurPo a liquid to a solid in an irreversible process called 
ribeess crosslinking. A ihcrmoset resin cannot he melted 

and reused. Thermoplastic resins, on the other hand, 
can he retnelted and recycled; the hardening process 

ie. 

THERMOSET RESINS 

Thermoo!astics are the tVpic]l rtlastics we are farn Hiar with at 
Ito;ne anti at school. This inciudes tovs, plastic cotitainers of all 
types, and hundreds of common items we use every day. 
Common thermoset resins jflCiU. 	toivester, vinyl ester, and 
epoxy. Each of these has dtffcrc:: .mnerties. 

Polvoster resins are the most cc 	only used because they 
are 0W 	Ost and are scitable for rnanv :roducts. 'ihov are 
tough atu esistant to most solvents II 	s such as acetone 
that can (tssoive subsiances), but pove 	rcsins can he 
damaged by certain solvents and by ultraviolet light. 

Epoxorosin is tonah, nonconductfte, resistant to ciiemicals, 
and dimcttsionally stable. Exposure to sunlight can derade it. 
Epoxies are more expensive than polyester and vinol ester 
resins and are more difficult to proriuce. 

Vinyl esters are chemicallv sitollar to pol\'ester anti epoxy 
resins. They are a sort of cornnrornise between the two. cornbin-
Ing polyester's bw cost and ease of use with epoxy resin's 
totghness and other desirable prooerties. Vinvl ester resin might 
bc used if a produci needs to resist corrosion. Ltke nolyester, 
vinyl ester is used mainly in glass fiber-reinforced composites. 

THERMOPLASTIC RESINS 

Therrnoplastics are the typical plastics that surround you at 
home and school, including toys, plastir: containers of all types, 
and hundreds of cornmon items we usc co'erv day. 

Cotnmon thermoplastic resins inciudc polypropylene and 
polyethvlene. Thermoniastic compositos have excr'I!ent impact 
str€•'ngth. Polyethvft'ne typically is used in packaging anti com-
otunications equipnient, and polypronvlene in automotive parts 
anti appliances. 
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GEL COATS 

A special resin caIe gel coat is a form of poi.ster or vini 
ester 	:hai is 	ating to  
eIeme;s o;ite wc::.'.. 	as the sn 	 zc 
vide a srnooth, glc .:::s: : some cc::.;! ':oducts. If you 
look at the outside of a boat, the smooth, shiny, and sometimes 
colorful surface is the gel coat. 

f VOU 'A'ers no use com.00ste muterias tu repace u tradt:onaicarnp 
a kchart rack, for osonce—tnat is mace o w000, '/ou coud 

pnsiv 	resin. Can you thnk of oteer outdoor 
gear or useful items (they need not be Scoutingreoited ',hat mght 

perforrr berter er est irjrce> f made of coruposde metedes? Whch 
resins might do the job best? 

Fibers 

Fiber reinforcements can be natural or svntheh::. Nruriral fibers 
include hec:e, flax, and c•:trutn. Most rein:c:::rue 	in 
composit€-re sru.tetic. Cntrtun s ntheuc r. 	e glass, 
carbon, 	aramid. When seurual lavers of reh:crements are 
bonded tcc:der with resin, thev form a laminate. Laminates 
are the building blocks of compos?e. 
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GLASS FIBER 
Giass fiber is the least expensive of all reinforcements. Giass 

High-performance fibe: 	also caiied fiberglass) is used in more than 90 per„„ :--, 

compositesthat f 	::fcturesites. Camposh"s mc: 	f :olveser 
glass :::: 	.:re se 	::rnmc::, 	n fa.::. ::.c 	rm 

use supenor : :::.ass" is often used for the coniposite ;:::erial itself. 

Obers like carbon : Ders. hovever, are oniv one part of a composite—thev 
:einforcing . 

are referred to 

as advanced The next time you hear a boat called a fiberglass 
boat' you will know that is only part of the story.The 

composites. 
glass fibers have been combined wth a resrn to form 
the composite material from which that boat was made. 

Glass fihers corne in several varieties, designated S-, A-. C-, 
or E•u.: 	Ia:: 	:ietv has :z.-:ial ch;:acteristic .. .. 
excc::c•:::H 	:::::. C-gla.ss is extremelv resistant to cor::on 

::.:.A-g1ass has good resisrance to chemcals. 
:t eiectricitv. 
:1, -lass f»:: is rL:,::velv hea::. 3f the 

common svntne: :einlorcements, it has fne least efficent 
strength-to' -weig :atio. 

CARBON FIBER 
Super-strong •:a::::: :c: ;z extreme iy suff, a:::1 	t is lightc•: 
weight than C.i:on fihers come h: 	veral var.cs 

s::ngtl:s t:e the 	ics: 	xpensive <:: 	: fiber reinforce- 
They are typicaliv usLi 	:::i:h:::: ±'l anes  am::ace- 

::::. Carbor-r 	.fced 	es au a.s: 	in prodüus 
s: 	as hicv:1 	:::::c. :c:::: 	::ckets, sk:s. :nd golf club shafts. 

Carbori fiber bicyc?e frarnes like this are popular with cyclists 
because of their Iight weight, strength, and durability. 

1 



ARAMID FIBER 

Aramid fiber resists impact. lt is usecl extensively in bulletproof 
vests and body armor. Racing drivers wear aramid suits that 
heip protect them from burns in fiery, high-speed crashes. 
Aramd is conimunlv known by its traderuark name, Keviar. 
In cost, aramid übers fall between glass and carbon. Aramid is 
more difficult to work with than glass and has a tendency to 
absorb molsture. 

Jigh. 	 .. 	 to help 
withstarid extreme heat. His helmet is made of composite 
materials, too. 

COMBINATIONS AND SPECIAL FIBERS 

Different ibers can he combined to make a con oe ccst less 
or perform hetter. Composites (hat are made of than one 
fiber are called hybrid composites. 

Fibers wimi speciii characc isncs are used when a 
cornposite must he eu 	nah 'orong or heat-resistant—for 
high-performalce 	 iw instance, or aerospace 
applications. These materials are quite expensive. Examples 
include horon (an extremetv hard natural element) and cerarn-
ics (hard, manufactured materials that can withsiand high licat 
and harsh chemicals). 

Synthetic fibers 

nclude glass, 

carbon, and 

aramid. Glass is 

typicatly white, 

carbon fiber is 

black, and aramid 

is yellow. For more 

aboutfibers, see 

the Textile merit 

badge pamphlet. 
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Assembling Fibers 
Fiber reinforcements can be used in two ways: chopped 

and randomly mixed with resin or bundled together 

in patterns. 
In most composite products, the fiber reinforcements 

are bundled together for strength. Fibers are assembled 
in various patterns called fabrics. In the braid pattern, for 
example, fibers are woven into a tube shape. A veil is 

L an ultrathin reinforcement used for smoothness on 

the outer surfaces of some composites. Other patterns 

include stitched, mat, knit, and unidirectional. For 

the Composite Materials merit badge, clothlike 
woven reinforcements will be the most common 

and simplest to use. 
Because each pattern carries Ioads differently, 

how the fibers are placed or assembled is important 
to engineers and designers.The cost of each of these 

forms also varies, depending on the amount and the 
quality of the fiber used. 

Fillers and Additives 
Fillers are added to resins, not just to replace some resin 
anil thus reduce a composite's cost, but often to improve the 
linished nroduct in sorne way. Fillers can improvcmeclanical 
properties—the way a material reacts to fire and smoke, tor 
instance. Also, filled resins (those with fitiers added) will shrink 
les than unfilicd resins (those withoul ilk'rs). Parts rnolded 
from filled resins, therefore, will keep their proper shape and 
size. Other important properties that fillers provide include stiff-
ness, surface smoothness, and resistance tu .vater, weathering, 
and high temperatures or extreme changes in temperature. 

Additives and other mod ifiers expand the usefulness of 
resins, aid in the manufacinring prnrcss, or make produets 
nore clural)le. V'hile additives an1 nodiflers otten raise the 
cost of the basic materials, these substances always improve 
the performance of the finished product. Additives are com-
monly used in resins to improve fire resistance, 10 enhance 
electrical conductivity (composites are usually noncon(iuctive), 
and to add color. 

34 	COMPOSITE MATERIALS 



Core Reinforcement 
Core materials are widely used in composites to make stiff, 
lightweight products. Tvpical core a:e::a 	e balsa 
(wood fror'he b:sr tree. 	PVC 
(polvvinv coride aam 	 . . rs:iica1 
processes), and honeycomb. These materials are lightweight 
and strong. 

Honeycomb is a core material made from sheets of resin-soaked 
material shaped irito cells (openings) like those of a beehive's 
honeycomb.This structural material is strong, lightweight, and 
used in sandwich constructiOn. 

U:g sandwich construction, z. :o:e material is placed 
betvee: :.v: ontside surfre (called a:e skins'i of fiber 
reinforcernents. This sandvrth is bonded together '.:h an 
at:ssive or glue. 	 core, the stife:i 
To c -eate a strong. g:;: :i:or fr an aircra;, 
engineers select honeccmb v,:h glas-- aer face skins 
sa:::ated with a polyester resin. The resulting floor panel 
is strong, stiff, and economical. 

Many methods are used to manufacture compostes, 
Selecting the best method depends on several tactors, 

such as the size of the part to be r-, ade, the parts 
shape and surface finish, how many individuat parts 
will be made, how quck!y they will be needed, and 
how much money i s avai ~' abie to invest in eQuip.ment. 
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Composites Manufacturing Methods 
To manufacture a product made of composites, a mold is used 
to form the part. Th .:o m: divisions of manufa::.:ing 
processes are open molding and closed molding. 

• Jr. open molding, :h' , 	materi 	 ers) 

	

aliowed 	cure ;:c;) while 
o the atmosphere. 

• In closed molding, the raw materials are piaced in one half 
of . :wo-s.::fcc :nold. The mold halv:s :c.:: and 
rr.::e:ials 	:.ide the mold, closed 	a;;;asphe. 

Open-Molding Processes 

! 	pen nc:r, 	 .srs 	hand fay-up, 
spray-up, casting, .t..: filament winding. 	.r. 
the most common and least expensive manu.t::: :hg process 
hecas 	:uipne::: is r:fed. 

rec;:es ma;a! labor to mix the resin. s.tu- 
cfnforce::ents, anc ::ace the r.:e:;:'. . 
:thod can be used to make pr.; s:::ring in 
:o quite Jarge ..aals, stor.c :a:s, tubs and 

s:.:.vers. :i.:ohitecturai it::s such as .::c used in huild-
ngs. lt's a good :hod when smaii qua:: :::es are needed, and 
ii is the method used for pro',-- :s in this merit badge pamphlet. 
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Spray-up is similar to hand lay-
up, but special equiprnent is 
nceded. A chiopper gun is used to 
chop the riber reintorcements into 
srnall pieces, which are then mixed 
in the air with the resin stream 
and sprayed on a mold. Spray-up 
is more automated than band lay-
up and is suitable for large quanti-
ties. Niany boats and 
swirnming pools are made 
using the spray-up method. 

CHOFFERGUN 

kkv fEStN ROLLE
'' 

Closed-Molding Processes 	 - 

Closed-molding processes are usuafly automated, require expen-
sive tools and equipment, and are best suited for manufacturing 
piants whcrc large quantities of parts are produced. Tvpically, 
c]csed rnoiding is for high-volume productiun ranging from 
1 OJ) to more than 500,000 parts per year. 

 

Due to the higher 

cost of equipment 

and tools, the 

ctosed-molding 

processeS will not 

be explored for 

this merit badge. 

Closed-molding process 

Closed-molding processes include compression molding, 
puttruson, resin transfer moding, vacuum bag molding, 
ceotrifugal casting, and continuous lamination. The major 
differences between these methods (see the gossary) are 
how the raw materials are placed in or on the molds 
and how they are cured. 
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Resin transfer 
moldng 
processes 

A Manufactunng Example 

Suppose you warited to make a hood for a sports car. The hood 
could be made by hand lay-up, sprav-up, resin transfer mold-
ing, or compression molding. Which process do von select? 

To hand av-up a hund. start with a mod hat is very 
smooth. After cleaning and polishing the mold surface, apply a 
iavc 	coat. Once thegel coat c11.31 -es, place fiherglass tun- 
furcunciuni the rnold on tot) of the gui coat. Wien you itave 
the corect amount of fiber reitforcement in poshiot, manually 
apply polyester resin. Pour the resin on the Jiherglass, K. i. 

it \vith brushes, hand rollers, and/or squccgees until all the 
obers are saturated or wet-out. (If you wer-, using the spray-up 
method, the fiberglass and the resin would be d( , noited in the 
mold at the same tirne, using a chopper gun.) 

Allov the laminate to cure 	room temperature. After the 
hood is cured, carefullv remove it from the moki and sand 
smooth all r(3tgh edges. The part then goes through various 
Operations (Unding holes, adding hardware for hinge attach-
ments and latches) for final astomhiv 00 t he car. Before vou 
can use the mold again, you must clean and polish it. 

For Land iay-up, the equipmet cust is low, but the cost 
of labor is high. Producing a single car hood using the band 
lay-up rnethod takes at least three hours. 

Using resin transfer molding, the time can be cut to an 
how- nis method rcquires two rnrdds. Gel coat is applicd 
ui n at the molds thun die renlorcement is piicen izi the 
mold. similar 10 hand lav-up. Once the reinforcement has been 

RESN NJECOO1\ 
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positioned, hardware can be inserted and the two halves of the 
mold are clamped together. Resin is pumped in until the closed 
mold is full. The resin is allowed to cure. Thcn the molds are 
separaed and the hood is carefully remo'cd. All rough edges 
are sanded smooth. 

\.Vhat about compression moIdin 1 lus method needs no 
gel cuat or cleaning of the rnold surlac. Ihc two mold halves 
are niade fromhigh-quaiilv steel, their surfaces treated for Ion- 

0 

wear and smoothness. A large, heated press is used to push the 
no)ds together. The composite material is a filier-lass reinforce-
mcm that is soaked wiih resin in a sbeet called a prepreg 
(short for "preimprcttated," rneaning saturated beforehand). 
The materftil cntpFe*-ed under high pressure and heat until 
the part cure. 	ltc :peeds the curing. A timer on the press 
OpenS the rncids 	ctiv .vhen the part has curcd. A normal 
molding cycle (position the material, cure the part, and unload 
it) .akesonlv two niinutes. The part requires 111110 finishing 
whcn rernoveh front hie press anti IS ready for final asrihly. 
Using compression molding, structural features can be molded 
into a car hood instead of adding hardware later. 

Compression molciing can produce parts in large quanti-
ties—hundreds oi finshed ltarts each cia'i, compareh to 0111v a 
few parts per day using the other methods we have considered. 
Compression noTdirig, 

 
howover is expensive. The labor cost is 

low, hut the equipmenl cost is high. Tue high-quiiiiv molds 
needed for this method cost almost 50 times as much as a 
simple hand lay-up mold. 

Visiting a Composites Manufacturer 
For reciuirement 4a, you may choose to visit a company that 

kcs .tr repairs composites products. Work with your rnerit 
le counselor to locate a coitiriio' in veur area and artange 

sa to or a tour of i mant 	uunz p!cuu. Check the lnci! 
i.)ltone book under "l:beglas 	Ton 	ii iikelv lind lismis tor 
companies that design hhricate, n leilair  all sorts 01 t herglass 
j.)rnH-ft(.)1fl tubs a nu nnaers tu catnper toppers. uouts, 
tankn, nitd pools. Under 	kepair," too, \'ou vili lind 
conatts riat specialize in fiberglass. 

Which method is 

best? If you need 

only one or a few 

sports-car hoods, 

then hand ay-up 

stheright 

choice. If you are 

producing large 

quantities of 

hoods, then 

compression 

molding is the 

better alternative. 
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Before the visit or tour, do sorne homework to find out 
what kinds of composlte products the company manufactures. 
Tius will help you cIevelop a hst of questiohls to ask. Visiting a 
company that manufactures or works with rnposites is your 
chance to cover arty questions or concerus that have crpped 
up in your work on the Composite Materials rnerit badge. Here 
are sample questions to get you started. 

• What manufacturing processes are used (open molding, 
closed niolding)? 

• What molds are used, and how are they used? 

• What are the properties of the resins used in the products? 
Are the resins ihermoplastic or therinoset? 

• Are the Fiber reinforcernents beirig used natural or synthetic? 
What properties of the fibers niake them right for the 
products being made? 

You could also ask about any core materials (balsa, 
varielles of foain, honeycornb), fillers or atiditives, and gel 
coats that are used. 
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Before touring a composites manufacturing facility, be sure 

to review the "Safety and Environmental Awareness" section 

of this pamphlet. Ask about the safety and contr ,-il rnesures 

the manufacturer uses. 

• What hazardous materials does the company use? What 
are the safety and environmental concerns assocated wth 
these materials? 

• How are hazardous materials handkd? 

Stored? Disposed of? 

• How are work spaces ventilated? 

• What protective gear clo workers wear? 
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Safety and 
Environmental 
Awareness 

1• 

Handling, storing, and disposing of substances used in compos-
ite materials cnn create safety and environmc'ntal hazards. By 
taking proper precnutions, you can reciuce these hazards and 
snfeiy use these materials. 

Just as you take responsibiiity for your own safety in 
day-to-day tasks, von also must'ake responsibility for vour 
sfety—and that ei others around you—when you work vitli 
composites. Working on projects für this merit badge is similar 
to werk von have done for other bad ges involving tods. paints, 
and continos or other chemicals. However, sinne specific safety 
requirements apply when von are using composite materials. 

You musL be knowledgeahic' about ihe materials and tools 
you will use für your proects. Be prepared. Unclerstond the 
proper methods for safeiv hundling the materials. 

Observe two important mies when working 
with composites for this merit badge: 

Never work aione. Always work under 
quaified aduit Supervision. 
Work in a weil-veritilated outdoor space 
that is fmee of other chemicais und away 
frorn heat sources such as open flarnes 
und electricai equinment that couid spark 
and cause a fire. 

As a Scout, you 

are probably more 

aware of safety 

than many other 

people are. 

Safetyisaway 

ofthinking, a 

way of acting, 

and a way of 

being prepared. 
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Safety With Chemicals 
Before you open a container or hegin mixing any chemicals, 
make sure you read and understand the instructions and safety 

k labels on the product. Resins, initiators, solvents, and other 
substances have safety Information included in their packages. 
Carefuliy study tliis intorniation—as well as material safety 
data sheets—before startirig to work. A material's label 
an(] MSDS will indicate wiiether the material is flammable, 
corrosive, irritating, or hazardous. 

will us.e some type of resin, anct probably an initiator, 
m

You 
in yo ur coposites projects. (Initiators are substances—usually V i),roxides—that start thc curing of a resin.) ldentify these 
materials and read the Information carefully. lt vou are not 
completely sure of what you have read, seek heip before 

Never remove continuing with vaur proiect. 
When working with fliese chemicals, you will almost 

labels or put certainly spill or drop small amounts. lt's not much difurent 
hazardous from pouring paint out of a can into a tray or dippiiigaint- 

brush into a can; things can get a little messy. Tia' imp 	Lant 
materials in point to remc'mher is to alwavs clean up your spills iuiinediately 
unmarked and dispose of spills and contaminated supplies such as gloves, 

protective clmhing, and brushes in an aoproved inanner, both 
containers. for salety and tu protect the environnleot. 

assistanceand 

\ \ guidance from a . 	‚' 
responsible adult ...".'." 

who is familiar 

with composite 
. 	... .‚ 

materials before - .. 

youstartyour \ 	\ 
prolect 
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Material Safety Data Sheets 
Material safety data sheets (MSDS) give the proper procedures 
tor working v:h, handling, and s::;ng materials, and alert Contact your local 

the user 10 any riazardous su:ices. The format of the authorities für 
documents may vary, but by 	.E. a'; all must include 
certain information presented in eight specific sections. information 

Some internationally formatted sheets will have 16 sections. about disposing 
Here are the eight required sections. of hazardous 
Manufacturer Information. Identifies the material and materials and 
li:s :he man 	c:::r's name, address, and emergency 
telephone number. soiled clothing, 

Hazardous lngredients. Lists the hazardous ingredients tods, or equipment 
in the material and some of the e.1..-  --,- sure 	::ts. (See PEL- 
perrnissib!e exposure limits—in the ist of 'V1SDS areviations  
o 	he foc.ving yrge.) 

Physical and Chemical Characteiistics. Teils what the 
material will look and smell like and what will cause it 
10 react. 

c•nan. 

An MSDS can be 
.. 	. 	 . many pages long. 
.... 	 r 	......... . 	 . 	 . 	 •. 	 .... 	 . 	 . 	 . . Be sure to read 

the complete 
MSDS to he fulty 
informed about 
the product you 
are using. MSDS 

• 	 •• 	‚-. 	. information is 
available from 
the manufacturer . 	 .. 	. 	 . 

orfrom public 

databases.  
.' 
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Fire and Explosion Hazards. Teils whether the material is 
flammable and hsts the flash point, firefighting materials and 

Flash pointrefers 	methods, and anv un:s:ai burning characteris::s. 

to the temperature Reactivity. Teils how other chemicals will react with the material. 

at which vapors 	Health Hazards. 	:vn roe 	entry 	o 	:man 
anc ::: :1 	::ss 	m ec;:, 	id list 

of a material can 	recarch that mav have been done an 
gnite lt exposed 	how to recognize and treat overexpos:re. 

to a direct ignition 	Precautions for Safe Handling and Usa 	rocedures to 

us r. ci'e of 	ce;;:a. sp.ils and gi.zs 	:tion about 
source. The lower 	r i 
the flash p01111. 	Control Measures. Lists ways to avoicl making contact with 
the more highly 	the mate:i., such as using resrators, wearing gioves, and 

flammable a 	
working in a well-ventilated area. 

material is. MSDS Abbreviations 
You will often find these important abbreviations in 

material safety data sheets. 

LEL: Lower explosive limit.The lowest concentration 
at which the substance will catch fire when an ignition 
source is present; below this level, the material 

	

- 	 becomes too "lean" (too diluted) to burn. 

PEL: Permissible exposure limit. A regulatory limit on 

Q 
the amount or concentration of the material in the air 
that you can safely be exposed to without suffering 
unclue harm. 

UEL: Upper explosive limit. The highest concentration 
at which the substance will catch fire when an ignition 
source is present; above this level, the material 

Q 
becomes too "rich" to burn. 

	

% 	TLV:Threshold limit value. Similar to PEL. 

TWA: Time-weighted average. The amount of the 

	

- 	 material to which the average human can safely be 
exposed over an eight-hour workday. 

Icons like these often appear on chemical containers.They teil you if a chemical is 
corrosive (top), a biohazard (center), or flammabe (bottom). 
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Personal Safety 
Ycu can be rE:::. 	 iiin, oich, nr swaIow 
hazardous ch 	:i. or g :e:n in v. eves. \Vhen wor::. 
w. 

 
z Li m - 	z a  precam.: :. agains exOc.:: 
ear ehe arcpriate eriia pr:ecive 

P Hazardous materia's are capable of causng de 
serious 	Fiber reinforcements are nontoxit 

W7 	they can irritate your skin. Resins, initiat: 
however, can be highty hazardaus. Brea: c 

trations of their vapors can affect your 	S 
contact from some chemicats can cause bums and tissue & 
substances rnay be fatal if swauowed. Read and follow 1 : t prt-: 	= 
carefully reviewthe MSDS, and know the properflrst-aid m. 

AVOID INHALATION 

Avoid breathing vapors. AlwayS 	in a . .. -veniiaed 
oucor a:: L\vOid usng hcusehoid fans to provide bener 
vemiIo..:case electriciv i the presence of 1 mmahle 

as acetone ... ::...e an 	 fre. 

Wear a respirator if the manufacturer recommends one. 
The MSDS 0: esh€: . :forrnation aout the rnaerias vcu a:e 
using will indicaether a respirator is required. Geerallv. 
if vou are working in a weiven:ilaed area. von will r.:: need 

vo.:= s.=nding or crea:::z : ..... ..voll mav choose 
rc.:ar a just mask si.-nar i: .;at drvwai. 

1 

1 

u 
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AVOIO SKIN CONTACT 

Always wear gloves wen 

Gaemevar. 

. 

Kle

erai.L.a:exa 

-om 	ere: 	 . mw 

zn :t 

sae:vecf  
Til 

c 	errqs 
e 	1" 

;':c: 	a.-•--:: 	gh: 

::ios'te e 	c':e 

To 	 ear 
- ras, be 	-' nonabsorbent protective clothing. E:-  sUre 

er s:ud '' 	 irg  

A 	:':De 	be 	:r 	c:ies maJe 

ed 	kee 

cc:?s 	is: 	uurEg 	e: 	rp: 
d r 

nne 	'ecia:: -: 	 wa:e 	a: s:zr 	 2S 

w- h 	rc:e: :' :ev: 	 ces  

h2g 	:hrvawv r:. 	ea: 

Before starting your projects, discuss and 
plan how you will respond to emergen- 
cies.You must have an emergency plan. 

\ 	Begin by knowing and understanding the 
materials you will use. Ask yourself how 

and w,n,e something could go wrong, and plan your 
action to correct it. Have a fire extinguisher and/or 
other firefighting tools handy, as directed in the MSDS. 
lf you are using electric tools, know where the power 
shutoff switches are. ldentify the exits in advance, in 
case you need to get out of your work area quickly. 
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Prevention goes hand in hand with mitigation, vch 

means "to Jessen in force or intensity" 	"to make 

less severe' By taking precautions to rrenage SK 

and the possibility of 	',ou can be pre ared to 

anticipate, heip prevnt mrtee: erd -spon' :o 

about any incident that 	g.t pe  

with composite mater;as. 

AVOID EYE CONTACT 

Always wear safety glasses or goggies when \ .c:k::z 
o vour cornposit€ r'rc'ects. Tike t'ec! care ri e sash 
c:•:::icais on your 	r get 	:ur eve. 

1 

AVOID INGESTION 

Thoroughty wash your hands beore handling food, eating, 
or drinking. Keep chernicals :•: dining a:eas 
or anyvhere food is prepared or eaten. 
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Handling Reinforcements 
-s-über reinforcements can cause vour skin to itch. The 

You may dispose 	reinforcements :'jld be the Same 
of fiberglass  

nd 	:C are . ne 
scraps in ordinary 	.... 	. . 

ather tp 	 ._ 	:arcements. 
household trash. 	• \Vash vou: . .....rk ciothes separ::cv irom other laundrv to 

fer partic. 

	

lt ::.:c. ..::::e vour 5:;:. was il WitO auid, 	....... nning 
w: 	?'e itchinz .d redness. Wash  
before eating or drinking. 

• Ii you 	rs in 	centiv 	thoroughiv 
with plentv of plain vater. Seek ineciicai attention. 

Fire Safety 
Just as you must he careful when you refuel a power 
mower, you mus: :e care v.hc: ha::ng chemicais 
for niaking composites. 

As you know from your Scouting activities, fires cannot 

occur without three things present: fuel, oxygen, and 

heat. Without any one of these elements, a fire cannot 

start or be sustained. 

HANDLING FLAMMABLE MATERIALS 
The chemicas ::sed 	 with 
various mate: - 1s, ar.: 	:•:::c..:: 	thev 
must be cleaned up imir, 	:: 	:::J acL::::s md 
prevr:::.. :;c ::zard. \V:c: -. hancmng fiamm::.e 	vents 
or ot:e: a::: : - hle mate:t:.s, take these sne:::. 	ccautions. 

• Avoid ope:: :e:::. s::s, and static ::harges. Do not 
ailow smc -::::' in an area where resins or othc::.unmable 
matenals are used or 

• A:: c:::.: wit eectricai ec::ment or devices such as 
e::eisioi: .rds. 

• Keep f1am:: -.1e s.::ents and rags that are saturated with 
solvent in closed metal safetv 

• If 	y: ::e five gallons or large:. electricall groun :tal 
coineis vhen transferring material between them. 
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SAFELY CURING RESINS 
If your project uses polyester resin, you will add an 
initiator to the resin to cure it. This will cause the mix 
10 generale hcat—one of the rcquirements für fire. 
The heat generated is a normal reaction but potentially 
hazardous. The materials must be handled safelv. In 
your work area, follow these simple guidelines. 

• Do not allow smoking or open flames. 

• Use only equipment rated für use with flammable materials. 

• Maintain your equipment in good condition. 

• Clean up spills immediately. 

• Properly dispose of excess curing resin. Initiate the resin with 
the proper amount of peroxide. (Follow the manufacturer's 
instruclions. Theo fill the container with water and piace lt 
in a sale ouide area, away from ignition sources, witil the 
mixture cools 10 room temperature. Permit excess resin and 
scrap material to fully cure and cool before disposing of them. 

• Use only the proper amount of initiator with the resin. 

Special precautions are needed for handling initiators. 
Follow the manufacturer's instructions. In general: 

• Avoid spills, hecause sponta000us cofnbustion (selfignition 
through chemical reactions) can occur when initiators 
combine with certain materials. 

• Avoid contact with metal. 

• Avoid splashing to prevent possible 
chemical buins to skin 

• Avoid dir'ct sunlight 
and oth i sources 
ofheat 

Initiator 

When l arge quantties of resin are mixed, smoking 'hot 

pots' can occur.The curing resin generates so much 

heat that it makes smokeThs is hoth a fire hazard and 

a health hazardTake care not to breathe the smoke or 

fumes. Avoid this shuation by rnixing anly the quantity 

of resin you need. 
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Environmental Responsibility 
When working with composite materials and related chemicals 
and substmces, you must take care at every step to avoid 
contamhiating the air, water, or soll. Without proper disposal, 
materials like resins. initiators, and solvents can cause problems. 

You must follow MSDS instructions, as weil as state and 
federal regulaions, when disposing of anv materials used in 
making coniposites. local, s!ate, and fecleral regulations applv 
to hazardous material disposal, so ask your merit hadge coun- 
selor about regulations that max' affect your work on your 
composites projects. The local Environmeinal Proection Agency 
office (look in the blue pages of the phone book) can teil you 
about environmental regulations in your area. 

Material Storage and Disposal 
Because manufacturers in the coniposites industry handle 
large quantities of chemicals, the plants have designated areas 
and use special fireproof siorage cabinets and contai1ers for 
sioring chemicals. 

Unused leftover fiberglass cloth can be disposed of in 
household trash. Before disposing of mixed resin, allow the 
resin to fully cure, cool down, aI)d becorne solid. Dispose of in 
a separate hag. You niay then throw lt away like ordiumy trash. 
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ror smaii projecis ana worx areas .ners )U a-s 

likely to have these special abin. and 

follow these general guidelines for material 

and disposal. 

• Keepbors 	s-s 	i,el 
materials ti9 r cappec 

• Do not store materials for long per 

manufacturer's instruction 

• Da not dispose of initiators 
household waste. 

• Make sure all resins 
fulty cured and cooled down before di 

of them. Once the materials are fully c 
have become solid, they may be dispts 
with the household s- 

• Properly spose of matertais accoraing ic: 
manufac:_:r's instructions. Be sure to co: 

our City or other authority for any specia 

istructk 	- :ut disposal 

r 
9,  
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Your Composites Projects 
For requirement 5, you will make two projects using composite 
materials. A proiect can involve laminating onto a core material, 
the same techniquc that is used for creating surfboards, skate-
boards, and snowboards. Or you might use a mold to form 
your proJcct--creating a small boat using an existing toy as 
vour niold. 	exunple. 

Preparing Your Project Area 
Select a well-ventilated work area outside—a concrete 

driveway is a good space. Remember to spread 
newspaper 00 the working surface for easy cleanup. 
When you are ready to begin using the resin and other 

chemicals, remember to put 00 your protective gear 
and clothirig (such as aTyvek uniform).These items 
will keep solvents and other chemicals oft your 
clothes and skin. 

r 

Composites 

lamination works 

best in warmer 

temperatures. 

COMPOSITE MATERIALS 	55 



r 

Basics of Hand Lay-Up Laminating 
As von have read, composites prodl!cts can be rnanufactured 
instVTaI different wavs depending on the size of the part, 
iFc cuant 	to be made, and the final cost of the product. 
in ihc ccnnposites industrv, nothing is more basic than hand 
avup ianiination. In making \'aur proiects, you vdi use 

hand lay-up process. The other manufacturing methocls are 
sinlpiy too costiv and are geared rnore toward large-scale 
CO UI ncrcial 1 rad u c ion. 

As you learn and practice the basic techniques of lamination, you and 

your buddies should work with a responsible adult who is experienced in 

hanciling resin and the other materials used in composites manufacturing. 

The simple explanation provided in this pamphlet is meant only as an 

introduction to the process. lt is not a substitute for the hands-on demon-

stration and supervision given by someone familiar with the materials 

and techniques. 

In your work for this merit hadge, you will use fiberglass 
reinforcement and resins, most likciy polyester or epoxy. These 
matcrais are readilv vidable. You can buy thein at speciaity 
stores such as boat rcpair shops, auto repair or parts stores, 
large hardware stores, or hobby shops. 

Steps in Hand Lay-Up 
You can use hand lay-up to niake a part in a mold or to 
make a sancl'.vich construction using a cure materiai that 
acts as the rnold. The following expianatinn assurnes that 
you will make a part in (or .n) a mald (hat has the shape 
of the final product. The Ianiinating process includes 
these stcps: 

Step 1 —Prepare the mold. 

Step 2—Mix the resin. 

Step 3—Place and distrihute the saturated fiberglass 
reinforcement on the mold. 

Step 4—Salurate (wet-aut) the reinforcemont with the 
right atnowit 01 FCS(tt to aciiieve the proper VCSiii-iü 

reinforcement ratio. Add resin as necessary to any 
dry spots. 

II  tep 5—Remove trapped air and compact the laminate. 

Step 6—Allow the laminate to cure completely. 
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Tools for Laminating 

For hand lay-up laminating, you need two basic tools: 

Squeegee—to spread resin and to compact 
the lamiate. As you pour resin 
onto the tiberglass rein- 
forcement, you use a 
curving or S-shaped 
motion of the seueeee 	' 
with just erough pressure 
to make a good larninate 
surface that has the correct 
ratio of resin to reinforcement. 

• Stiff brush—to work resin into 
the reinforcement and to remove 
excess resin. 

r171793 "1-1, 

If you are making a sandwich 
construction, omit the 
mold-preparation step. 

PREPARINGTHE MOLD 

The mold must be clean and smooth. To be sure the part 
you make will come out of the mold, first apply a wax coating 
to the mold surface. The easiest way to do this is to appty 
carnaub J I.rniture wax to the surface and pretend you are 
waxing your parents car. Once you have coated the mold, 
you are ready to begin. 

MIXINGTHE RESIN 

Carefully read the instructions on the container of the resin you 
are using. Properly mixing the resin and the initiator (hardener) 
is key to good work. Each resin uses ingredients that are specif-
ica liv made for that product. 

Follow the manufacturer's instructions and do not mix 
and match mgredients. Determine the amount of resin von need, 
and pour it :i--to a suieable conidiner for niNiitg. Measure the 
correct amount of initiator in a polvethylene or polypropylene 
measuring dup—not a rnetal container. Pour the initiator into 
the resin and mix thoroughly. 

The temperature outside will affect the amount of initiator 
that will he reuuired. Use less initiator in hot veather and more 
in cold weather, but read the instructions first so you da not 
use more or less than the indicated range. Using too much or 
too little initiator will cause the laminate to cure improperly. 

lt your mold has 

a siope, it's best 

to wet- out the 

reinforcement 

before you put 

itinthemold. 
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PLACINGTHE REINFORCEMENT 

One way to place the reinforcement is 
to pull an ample piece of the fiberglass 
material directly from the toll or package, 
Liv t foto the ino]d. and trirn lt to shape 
usin 	]:icl shears or heavy-duty scissors. 
You will need to cut the outsidc edges, 

corners. 	leats, and other shapes 
necessary to make the fiberglass 

\ conform to the shape of the mold. 
A second method is to 

cut a pattorn. You precut the 
material to a specific shape, 

then place it inthe mold Cuttmg 
a pattern has advantages: You save 

time during 	11i1lII 	md avod 
trimrning the material in the inold. 

SATURATINGTHE FIBERGLASS REINFORCEMENT 

Make sure to mix A good laminate has no city spots on the reinforcenient. 
The individual glass fibers are thoroughly saturatecl—wet-out- 

only enough resin with resin. 

to finish the How rnuch time and effort lt taLes to completely wet-out a 
laminate depends an several 	octors, including the type of resin, 

prolect. Mixing Ilme temperature, and the type of fiber reinforccnent. 

too little resin will The resiu-to-glass ratio is simpiv the ‚im'nt of resin in the 
laminate cot:'ared to the amount 0! fherpI-. 	Fiis is usually 

stop your lay-up detennined by the WO1 0ILs 	[he resin and the glass. The proper 
process and arnount of resin is imanIni rar a qtalftv p•roduct. Too mtch 

damage your 
rasin gives d 	esin-ri 	05111!. 	1130 littIO, dIll 000! 	onal praluct 

resin-star'ed. 
project, but mixing 	• If resin-rich, the product '  HI be weak and too heavy, and 

too much could 

	

	will look s1oppy. A resin-rich surface appears glossy or wet, 
and ii1dvIl!tl,i! hbers cannot be seen. 

result in a 	
• If resin-starved, the product will also be weak and look 

smoking hot pot. 

	

	sloppv, ancl lt will not cure properly. A resin-starved surface 
appears whitislm with transparent, air-fihled areas. 

You ccir Jetcomiine the osin to-glass ratio bv lcoldng. 
A lamin!IL' 'VI ne proper an 01 0510 shoukl liave a 
clull surface appearance with a disrinct über pattern showing. 
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Making Overlaps and Seams 
InIargecompositesprts,severat: 
reinforcement might t ecessar,  

When you join pieces offibe: 
to form a seam, overlap the piec .. 
This ensures thatthe stnictural prop -s 
nate are not weakened. If you use more 
of reinforcement, be sure to stagger or s. 
:: 	;ziidthk*buiIdupsthataIsc 

REMOVING AIR BUBBIES AND 
COMPAC11NG THE LAMINATE 
W --  vos 	--' 	ergiass 	hf:emeni w 	resin. Rememberthat 
al: ::.n be ::. 	: 	laminale. ::.::::ig :ds. .-'.:: voids are your projects fo 

tuch vhen trapped in the cured lam:nate cari 
c: ::biems ranging fron :::-: 	.:pearance to ... ...aura! this meritbadge 

a remove air bubbies. ...e :. .;aueegee or 	;iinr nfler mustbe completed 
;h the saturated evenlv 
surface, sou es::::: air voids nut of the lammate. under the direct 

supervision of 
CURING THE LAMINATE 

yourment 
Temrerature i s :m:: : ::ant in properiv :........:g resins. Tne warmer 
the weathe7. the fastei :.;: resin will cure. Polyester and 	- badge counse!or 
arlv vinvl esre- resins 	rere weil at 10w temperatures. iile or anottier 
min—rum teme .r r€ 	:: a:llnating, therefore. is 60 degrees. 
Check : 	ma:::actir: 	::.::.:.-. 	be sure von are work- respont : 

ing wnhn the romenoer temperat. :e range ai all times. aduttwho is 
The nixrures thickness also affecs -ure time Thinner 

laminates 
 

eure mcre slowiv and ii 	;:: :nes cure 	::. .:uick!v, knowiedgeable 

- about composites. 

CT 
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ANISHNG 

Ono,- 	rein has cured. vou ran rernove the part or p:o&t 
trcnr. :nolJ. Take rare not to daaage Juct or the 
nil. Lse heavvdurv cissors 	-: 	smai 
:a remove exres 	rein anti fiberas z trom t!. :arts edges 
CIea. : -.e edges wkh sar. 	r or a 	iie. lt 	.:t-  nod ;var nat 
mo::h. ciur:T 	5t: 	:e mav he rct:. 	:.ahtiv anip3;)er 
he 	t:are 	;rorh. Fini 	xkh paim. ( 

Project Ideas 
;u are farniiiar with the Its::a ot.::d av-ur. ::u 

:eed w1h vour ovn proies. Here are &ome 

Model Ai,plane 
T.us 	is a conT:::ite c :.:v'vre: 	::. ... 	a::: tiue. 

Materials 

Polystyrene foam g)ider kit (avaiIabe from a craft stare) 
Tissue paper or tightweight wrapping paper, nonwaxed, 

not coated 

White gtue 

Small paintbrush 

1 Ice.cream stids (5) 

Sandpaper 

Paint and brushes to decorate the finished piece 

Newspaper to protect work surtace 

Water for cleanup 

Step 1—.A3emhle the modei arr!lane accordinn 10 the manu 
Prevertthe gte :.:jrers .:.srructions. 
from dryng Step 2—Appv a light coat c.....hte glue to a 3mall 	the 

WO- :epaper :ceof ehe m::.-L 

is aopiied by Step 3—Appiv 	.• 	.. or 1 	we'gIij wrap 	z paper to 
the model, nik:. . 	wet-out 	all ... .as wi 	the 

workng my in glue. lt 	edi .:nii the p  

1 areas. saturated. Tr:: 	.: kies in the pt::rn 

Step 4—Wc.: aut anv a. ubhIes bv pushng u. 	glue toward 
inc edge ci 	e paper unir :he paintbrush or ice-:ean s:ick. 
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o e 

I N  ee e 

- 

•'» 	•»-•-•. 

J 

.-'•• 

1 '•  

Step 5- 1 	
'7

-. e or squeegee off excess glue using the straight 
edge of an ice-cream stick. 

Step 6—Repet steps 2 through 5 on all exposed surfaces of 
the model so 	no :'.styrene foam is exposed. Allow the 
model to dry overnight. 

Step 7—Ligh:. sand the model with sandpaper to prepare the 
surface for pairning, then painr it as you like. 
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Decorative Birdhouse 

This proiect is a composite of glass-fiber reinforcement, polyes- 
ter resin, and cardboard (core material). Optional core material 
could be balsa wood or urethane foam (not :::estyrene foam). 

Materials 
Always read 

3 	 3 

manufacturers' c 	r rnrene,rcr 

3 	33t0 SUPPy 	 3 
nstructions 

and precautions Cacjccsr 	rcm an 	eox 	 -. 

before working Paee. basen tane 

with resins, Nevspaper 

initiators, or Ges mcc. d 	eecane best rrass 	moeee5 
355X eOmes tor OrC)ter2nen 

other chemicals. 
Dces.abarrxngcunorboeH 	6-ounce.'mcrruxresm 

er tonaue deeressore 

Sma[ 	oarntbrush 	niere than 	0.0,: 

the resrr 

S.andoaper :r.35Jfl2flfl 

Pent mmd p 	rtbmsd so deommats tu. e  bnrsned Creme 

eav-dut 	siossors 

- 	Jrr 	krnte 

Kuer. s 	rOfl 5 COCa 
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Templ8te for cardboard walls, floor, and roof, to be enlarged. 
The fiberglass mat should be 1 inch wider than the cardboard. 
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Step 1—Using scissors or a utility knife, cut out cardboard 
shapes to form the walls and roof of the birdhouse. 

Step 2—Mark a 2-inch hole in the cardboard front wall as if for 
bird entry. Cut out the hole with a utilitv knife. 

0 

4 

1 
Step 3—Temporarily assemble house panels wiih, papei ape. 
Before proceeding, examine the structure and make sure the 
heuse is what you want. Now is the time to make ehaiges. 
Once the lamination process starts, lt is too late. 
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Step 	 ma fr :he 	ais roof as s1owrt 
mh ei cnabpinend ihe 

:j 	ei the hrh3se. 

Start Lamination 
Step 1—Ve3 - .. 	a:ex gIove and eve pr:. 	:. 
12 cce 	of re: nto the 	isoabe mfx 	.... Then consuit 
the hImialor 
oaddr 	'he rervouhavepere ...............: 

lI 

‚ 	 v CM 

,teil. 0, 	am log2as 

er 	er nis- my - 
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Gel Tne 

t!e' s 

:'dens 

Step3—I: ra:r::,.:. 
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Step 4—Car..I place the fiherilas mat on top of the resin. 
heim :.:eful to leave a h-inch ov: p around all the sides. 
Cm -he entrv hole cm ci the 2-1.ss. 

Step 5—.:.: :. 2 e v, 	::.......et-out saturate witl 	:.. the 
f±1:ass ria: ::he ::...... ise walls. R€:::: ir 
h ees er w[;nues in nie :a: ev aping pressi:-: --.-.. .ir 
facewiththebrushUsesweeelngrnotionsrorn:: -. 1 

:lle p:s: ro the €:vs. If :.v:;e are an: 2:- : t:,ets. tour a ...... 
amonn: ei additienal resi:.: :to the :::.:: and work lt 	:lith the 
paimhrush. Ah areas o ti ibergiass :.:t must be u. c:-cut. hut 
avoid using tee mi;ci. :ln. 

Step 6—Mix a sma]er batch ci 	..: as - ::rihed in steps 1 
and 	:d wet-ou: :he overlaps cvi ihe fiherglass mat. Foid fne 
faps .....- lnslde of :l wahs. 

Step 7 - - 1 ehe was .1 the hlrd ovse in-to shae, 	'-! i- 
giass mat at die :rn. f.: :Lie neuse 

	

ZA area, and 	:: i0 c:.v 

Step 8—\Vhlie die h.::1i.ouse is ..........:. :epeai di: 	-•: ....... 

proress sten: diri.gii7Jwith die :ooi and :he eo.: 
these Z  :ure 
Step 9—Atza :1: :he reef and dom :o die house. The roo 
mav be perm:.:cmlv aua::.:i er :::::cvahle ic make lt easier 
:e pabn 
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Finish 
Step 1 	z the cos vcu 

ued wih csumw 

Step2—A1;v nii 

Step 3—j:e::. 	. 
used brushes, npape 

an'; .... .iened resn after 

Step4— 	an:heei 

e sur;.:....:he brdhcue 

rem've 	res:n a:d rrugh 

edges. 	i:s.red. 

D ,3 c o ra. 	e Motded Bowl 

md. make a 

dec'ra:ve hc'wl 

V- 'r: :oul ne a 

d: i:: :.a:s :ha: 

cides resn, 	flti- 

ar ‚ha:dener. 
............................. . 
— ---- 
	

----- ---- 	s. 

er aueeee. 	xng st:ck. 

ra-;, ari zumchne  

for C 	kapig 

cernps;te frensickng 

:e 	er 

you  

tned ;vh a suitatle 

meid reease. This migh 

be wax. waxed paper. a 

Mvar shee;. er anether 

maera1 	sire w use a 

nd :e,;.si t aiw:iI ;veri 

;ve1 wizh the resn system 	vati 

are real ;d w... 	:othr......mhernoi: Ifveuare :::tsurewhar 

ma.a ieease te ...ss reaü 	ie istruc::s :hat ca:e vimh ihe 

hhergiass repa;r kz and ark vcaur unseiors avice. 
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Project Ideas 
Lote of fun and usbul tems ccc be mde or repared ucnc ehe maecas 
and techcouea descrbed in tns c ucur. Use your imagination cc ccream 
so somethng that strkus yuur fsncy, but avays focw aU the safety pre-
caubons c ssUoed in thU pamphec and spec hv the nianufaCumrs fr 
the produces that you usa, Be suro you have your merit badge counseor's 
coo«vU before you hegin ccc oiork Aitn a responsibe  aduft whcis 
no.Uedgeabie abc,ct ccrnposires. Here are a few cossicUdcs for 
ompcstes u cects. 

Waking stick 	e Repar cr roinfcme cscodec tooi hande 
rUcdU hosc 	e Rtro ktchcn box 

Skateboard 	o Oarno sigcsqe 

Sr'cv shcs 	a Fre cucKet 

Evauatln9 the Fnshed Pojects 
For rccuhemerct 5c, voc: are tc evaluate (judgel' vaur co1npPed 
prcccc vith youc coio:selor. Wicat features or ::alities de yuu 
think your finished pro jects should have? Do your projects meet 
your expectations for such qualities as thof e tsted here? (You 
mav use this list as a starting point for discsssion, but tailor 
your evaluation to your o'c:c crojects and to your personal goals 
and expectations.) 

Are -;cur finished products 

• useful and safe to use or display? 

• Stnicturally sound and impact-resistant? 

• Attractive and free of air voids? 

• t'cc resin-rich or resL'.-qarved? 

• Well-proportioned, balanced, svmmetrical, and even? 

• Strong, stiff, and durable? 

• Lightweight or buoyant (capable of floaucg)? 

• dc :erproof or weathertight? 

• Rustproof? 

• Not flammable? 

• Nonconductive? 

Dic ycu have any construction or safety problems? How would 
vou avoid them in the fucure? 
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2004 Mojave Aerospate 

Ventures LLC, courtesy; 

. photograph by David M. 

Moore. SpaceShipOne is a 

Paul G. Alten Project. 

Careers in the 
Composites Industry 
The compc::-s inclustrv offers manv career onportunities 
You rnight 	- on v:h a company products 	'e 

matert 	-:.sc.:::manufac:. 	:g CC:; :r a company 
:at makes 	:c Parts. or .i:. tha ' 

might 	'.c :k at a universitv or in a iabo '. . 	 ........ 	and  
deveiopment on new materials or proccss. :-: .:c 	rk 

desi. 	new application 	fc::::-  ----- .... - .......S 

A 	graduate may q:: 
position in a c..............s plant as a mai:::..il technician, mold 
operator, 	general Iabc::. example. 
Further educat:»: ..............: :s necessarv, 	.v:.r, for most 
op:':: ::unities i: 	::•s::s industrv. 

sh:ol d: :nd on 
the caree 	paui 	uu .:h 	. 	 S::•:oiion.: .'.iire a wo-vear 
technical or associa:.- 	•: 	: 	 require 	•::ur-vear bachelor's 
deg::. Für advance 	::s: 	.•: might need a master's degree 
or . ::orate. Chemistry and 	:.ineering are common 

Types of Career Opportunities 
In ::: -:posites-reiated in :s::s vor. 	d five major areas of 
career opportui:::cs: research and 	ent, prc•..::ction, mar- 
ketug 	-lations,.:::: 	::t;:. .: 	 :•:.:ons 
reorre •::e' 	:' ..s::' -'-, accoun; ::::.?:::::...... 
in ::tc ;.::•::s. 	. 	imon to find  
engineering and  

Here are soine vpicai prolessions in the composites industry. 

Chemists 
C:emists deveiop formulas for thc : 	:h:: c:: . :: ::ious corn- 
'ites. Ther vork mav take  

a res'.t: - h Ibor'T:. :: 	:.1:' cor:r: 

Wherever your 

career path may 

Iead, lt starts with 

a high school 

diploma and a 

good foundatior, in 

science and math. 

Optfor all ofthe 

general science, 

math, chemistry, 

physics, and 

English ciasses 

thatvou can. 
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department, or on the manufacturing fIC 	.vhich is the area of 
a plant or fa,.:::. '.';.ere products 	 de, as ot':zed to 

:-: 	is a 	 ........... 

b1er: 	... 	..: :: .......... .:c................. :•.:chni- 
n—r'.•: heI  
ave at least a ha:h 	.: ree in 

chemistr'. Master s oegrees and doctorates ditz CO[UfllOfl. 

Chemical Engineer 
Wh 	con.c.: - :.:c .:•;::- 	mi.Ijis and processes, 

whc :aw on their 
che. .... ::. : 	...:owledge to desi:: fac::s to 
ture resins. rein:ements, •:s:e products. In other 
words. chemica. . 	

. 	...."ic c.'eiop 
by cheniists to  
make mac:iais and 

To 	'a..::c: as .:ea:ee  in chemica. 'erina, 
a''istrv but alsa :'. z--a1 desIgn, 

.;cs, and 	a::...a:a::ng. Mar:.' :ea:icai 
:lgineers hold master's degrees. 

Chemical Technician 
hemical tech: 	•:.: -. .'a:k for and with chents:s 

and chen: 	:a'. ' )p new prod':::s, 
resin form'..:'.......... : 	 . 	 ...... aved processes 
to ach:e':•: s:a::'ic purpo 	......... .e". ':cst resins and 
conpas:: es. es: :: 	:::::a:e.:'..::::a_Ict e>. 
ments .aas •'•''•-•" : 	 nerv 

mike 	:5 a:'a: 
work jr 	:'.::a:: 	'see earch labs, and 

	

yr 	
a:•s: e - ion raciiu.ies. 

s'asitjon requires knowledge of labora 
to'a. ....: 	ce': 	cedL:'a. and usiac se::a:'aents. A 

tech:Ie:: ofte:: .':ee :.':a 'esse 	:allege chemistr or eng!-  
neeig aiid hol 	n ‚.ee. 

Product Designer 
7ra' 	a:aers fi:'. as.:s ways to use comaas 	fa ne' 

: - k at :ses': ::Ain\'enti\'e wavs 5:: 	:c:::Josites 

	

aale 	a:::entionai materials such as giass. s:eel 	ncrete, 
that look good, are e::'ng, and 

	

slssa 	e,a:aateristics. 

72 	COMPOSITE MATERIALS 



A product designer needs a background in materials 
engineering, composites, structural engineering, and 
design. id nceds to have an artistic dair. This nnsi- 
tion requires ii . st 1 bachelor 	ee typic \ 
in enginee 

Materials Engineer 
Materials cngirieers must understand composites 
and how they perform and the advantages of 
coposite- 	c other materi,ls. In sowie ways a 
mdierlais :.''" is much ike a product designer 
who not oniv 	gns but also builds the cuinpos- 
ite. These 	essionals are becoming more impor- 
tant to the «niustry as composites are heing used in 
new ways ‚md new places. Soo univossinos uwiv offer 
bachelor's degrees in composite materials engineering. 

Manufacturing or Production Engineer 
A manufacturing engineer is well-trained in all manufacturing 
tech niques. This person is responsible for taking the design and 
making sure it is b' 	correctly. A manufacturing 	engineer must 
be a piobieni soh 	mKe sure the nrnduction 	hub is alwdys 
moving. This person works with all production departments. 

Quality Engineer 
A quality engineer makes sure the parts and products are 
built as specided in de design. This engineer is well-trained 
in testing ano inspechon and often deals with customers. 

Other Composites Manufacturing Positions 
Mar;y uo-ncin n sori pos1e ma mufnctu ring requ re a speeiaiiied ski 
or kuowiedge, nduJin 

ervsnr 

Pauern or tool mdkO 

Londnuio 

Mao tbri.ator 

' Press-mold s-Oup (eChhcbdrm 

Assrnmului 

Fixtu e, jig, or riggng fabricutoi 

Fluid handhnc seup and 
mintenanao woker 

kVoorlworkor, meraiworker, 
er OiOC.tihchdfl 
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Glossary 
additive. A material addc•d to a resin to enhance its performance. 
Additives include COIUrdrIIS and fiame retardants. 

advanced composite. A composite that is applied in high-
perEc.'nnance apulicanons, such as aircraft or n hniry al.1p]ications. 

anisotropic. Materials having different strengths or properties in 
different directions; a quality of composites. 

araniid fiber. .A Sv 1h€•'nc i ifmul 	'Iher ncd in boch.arac 
and olher ap hcanons: souaciaa:ic pe 

commonly called Kevlar. 

carbon fiber. A high-performance, synthetic reinforcing fiber 
known für 15 hohl. \vcight, high strength, and hgh stiffnc'ss. lt is 
proJuccd b\ 'balung" or "cinu ring' ra' an. pitc h. or acr\ bc fibers 
at temperatures above 1,800 degrees Fahrenheit. 

casting. A mixture of resin and fillers poured inra a mold, 
uStnhhv vit' Gut fiber reinforcement, and left to cure to form 
the lual prin!uct. 

closed-mold process. Manufacturing process where reinforcements 
and resins are closed to the atmosphere and processed in a two-
sided mold or within a vacuum bag. 

composite, or composite material. A material that is made un of 
two or more diürcn materials tiat, when conbired, are strolicr 
than the individual niaterials; generaily referred to as contposites. 

compression molding. A closs!-moldnin u'acla.ing OL:c5S 

in which composue materials cc compressed DCIWCCII cnched 
molds under high pressure and huat uni the part cutu. Lsccl for 
molding large quantities of complex parts. 

comressive strength. The ability of a material to resist a 
crush;ng o buciung orce. 

conductive. Capable of transferring electrical current. 

crosslinking. The chemical bond that turns liquid resin into a 
solid material. 
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curing. The chemical process that converts a resin into a 
hardened state. 

epoxy resin. A thermoset resin having excellent strength, 
adhesion, and corrosion protection. 

exothermic. The quality of resin to give off heat when it cures. 

fabric. Arrangement of fibers held together in two dirnensions. 

fiber. Slender, threadlike material that is much longer than it is 
round and is an indviduaI strand in a fabric. 

fiber-reinforced polymer (FRP) composite. Material in which a 
poiviner resin contains reinforcing übers providing greater strength 
anci stiffness than either the resin or fiber alone. FRP coniposfte is a 
more spe-cific term than the general word, "c(„.mposites." Sometimes 
referred to as advanced composites. 

filament. A single element in a fiber; the smallest unit of a 
fibrous material. 

filament winding. An open-mold manufacturing process that 
applies resin-saturated, continuous strands of über reinforcements 
over a otating cviindrical mold; used for creating hollow products 
like rockei. motor casings, pipes, and chemical storage tanks. 

filler. A material added to vesins to irnprove the appearance and 
performance of composites and lower the cost. 

gel coat. The outermost surface layer of resin; a special polymer 
resin tht enhances the surface appearance and performance 
of ctmies. 

glass fiber. A fiber inade from molten glass (silica, sand, limestone, 
and other minor ingredients), available in several ivpes such as 
A-glass, E-glass, S-glass, and C-glass. Also called fiberglass. 

hand Iay-up. An open-n'old manufcturing process in which a 
reinforcc'nent is nnied „1) the mo]d by hand ind resn is 3pplied 
with a brush or roller onto the reinforcement. 

hardener. i\ chemical added to a thermoset resin to cause a 
Curing reaction. 

honeycomb. A manufactured core material of resin-saturated 
sheet material formed into six-sided cells or openings and used 
in sandwich construction. 

hybrid composites .A composite laminne of two or more 
(iitfcrent fiber reinfcrc ements, such as gioss and carbon fibei; 
:iibined in a single slrncture. 
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impact strength. The ability of a material to resist an abrupt or 
shock oid. 

initiator. A hardener, sometimes called a catalyst, that causes the 
cure of a thermoset resin. 

isotropic. Having uniform properties in all directions; a quality 
of metal. 

laminate. Two or more layers of fiber reinforcement bonded 
together with a resin. 

material safety data sheet (MSDS). A document that inckides 
cletaiied information on a material, including health and pIysical 
hazards, exposwe limits, and precautions. 

mil. A unit of measurement that defines the diameter of glass 
ibers (1 mii = 0.001 inch). 

mold. A total for forming composite materials into the desired 
shapcs or pans. 

monomer. A single molecule that is a constituent of a polymer. 

nonconductive. incapable of transferring eiectrical current. 

open-mold process. Manufacturing process where reinforcements 
and resins are exposed to the atmosphere. 

ply. A term used to describe a single layer of reinforcement 
in composites. 

polymer. A large molecule made up of rnanv units that are linked 
together in a chan. l:o!vners nil -  be ttural1v occurring, such as 
starch, or synthetic, such as polyester. 

prepreg. A reinforcement 	is saturated with resin and ready 
to use for molding; short für "preimpregnated," meaning the fibers 
have been presoaked with resin. 

pultrusion. A closed-moid manufacturing process to form 
composites into bog, consisten -hapes like rods or bars. 
Continuous strands of reinforcL:tai.tanr ire pulled through a resin 
bath to saturate them, the 	ilied tough heated steel mokis 
that shape the contposites tor ':lttnuoUS iengths. Puitruded 
products include fishing rods taat golf club shafLs. 

reinforcement. A term for fibers, particles, or 'whiskers" 
(thin hairlike materials) used in composites. Fibers are the 
most commoll reinforcernent in composites and greatiy 
infbuencc coniposites' properties. 
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resin. A polymer plastic) that binds together reinforcing material 
in a Co:::  :kire. 

resin transfer molding. A dosed:mold manufacturing prc 
whic 

	

	:rcement material is placed in 3 closed molä. mm 
: iniected under pressure. 

roving. A loose bundle of unu: :?d varns er strands of a 
reitiforcing material. 

sandwich construction. Two rektvel. :in laminate :ts 
""face skins) hned 10 a lightweight re material sud as 
honovcomh, ba1.. or varieties of foam. 

solvent. A liquid substance capabie of dissolving or disperE 
oih -.: z :.::ances. 1:: 	rking v::1: polv:::.: resins, solvenis such 
as 	are com:;aiv used 	ciea;i 

Spray-up. An open-mold rnanufacturing process in which a 
choppe: r:n is used to chc: :. .. ::::nenr material and add 
ii ic : ::. whic:: : In spraved onto a mold. This process is 
use. :cat ma:;...::. ring. 

storage life. The p:::d of time during which a liquid resin, 
inil:2::r. er other chemical can be stored under S..... 
temperatures and remain s: :le for use. Also called s 

strand. A 1::: ile ei filarnents. normall: ....:xsted. 

tensile strength. The abilitv ei a matenai to resist forces that 
::etch [he material. 

thermoplastic resins. Resins that are not crosi:::red and so 
can be mel:c.. formed, remeited, and re-formed. 

thennoset resins. .......:hr: .2: converted front a liquid to a 
solid through ir esb:  

vacuum bag molding ........2 -iaold manufactuPm process 
in which a .c:uum is c:.:.s: :0 force the laminate ::cainst a 
mo± :hus removing trapne: Jr and excess resin and compacting 
the ;uinate. 

vinyl ester. A ivne of thermoset res- r, related to epoxy resin anc! 
Usec :::2:::: :n protec . ....1. 

wet-out. The process c: ::oroughl: zcturatng reinforcements 
with resin. 

yam. A twisted ndle :onunuous filaments. fibers, er strands. 
used for weavit:c:ibdc :s:niorcements. 
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Composite Materials Resources 
Scouting Literature 

Che .... 	i1::ez .......... 
B.gRbcrfcs. and Sz:ce 
rer had,ge :::phiets 

Visit the Boy Scouts of America's 

official retail website (with your 

parent's permission) at http:/i 

wwwscoutstuff.org  for a com-

plete listing of all merit badge 

pamphlets and other helpful 

Scouting materials and suppties. 

Books 

\larshaiL Andre 	1. Cc. -- :..: Bazz 
h ed. aran Consuc. 

Pbshin. OO; 

.:n. 	F:......... 

Ruan A: :it. 

Strong. A Brenn 
cosnes 	cucr :::. 

of 	aufctuCru 	r 

Penodicats 
Composites Manufacturing 
American Co posites V.::.ri:ureis 
Assodaton 
TeIehorie: CT-Oi1 
\Vebsi:e: hu:: 	::v.acmaneLorr 
cm-magazin 

Composites Technoiogy 
.ndner Pcns Inc. 

Teletho. .. - 

hup: wwwcrLtesWOrId.cOm  

The Boy Scouts of America gives special 

f 	thanks to the American Composites 
Ilm 	

• 	L 
Manufacturers Association for its assistance 
with the development and production of the 
Composite Materials merit badge pamphlet. 

For more information about composites, visit the ACMA's website 

at http//www.acmanetorg. 
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Organizations and Websites 
American Composites Manufacturers 
Association 
Website: http://www.acmanet.org  

American Society for Composites 
Department ot Clvi] and Environmental 
Engineering and Engineering Mechanics 
UnivL-rsily of Dayton 
Websile: http://www.asc-composites.org  

Center for Composite Materials 
University of De1avare 
Telephone: 302-831-8149 
Website: http://www.ccin.tidel.edti  

CompositesWorld 
Websiic 

http://www.compositesworid.com  

MSDS Online 
Website: http://www.ilpi.com/msds  

NetComposites 
Website: http://www.netcomposites.com  

Occupational Safety and Health 
Administration 
Toli••tree telenhone: 800-321-6742 
Compositc a foty website: 

http:/, ww'.k.usha.gov/SLTC/ 
compOsiu2s/index.htmi 
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MERIT BADGE LIBRARY 
Though intended as an aid to Boy Scouts, Varsity Scouts, and qualified Venturers and 
Sea Scouts in meeting merit bade lequirements, these pamohiets are of general 
interest and are made available cl n.any schools and public libraries. The ialest 
revision date of each Pamphlet mipht r:ot correspond with the cooyright date shown 
below, because this ist is corrected onj coce a year, in January. Any number of merit 
badge pamphlets may be revised throughout the year; others are simply reprinted until 
a revision becomes necessarv. 

fa Scoul s already started working on a merit badge when a new edition for that 

pampnlet 5 ntroduced. he rnay cont/nue to use the same mehl badge pamphlet to 
earn the badge and tuff! II the requirements tnerein. !n other words. the Scout need not 

start over again with the new pamphlet and possibly revised requirements. 

Merit Badge Pamphlet 
Ame-osc Bcscess 
Anne , cc . Cjlcres 
Arne cc He 
ArnE 	Labor 
Anir-a. Scence 
Arimacor 
Archaecc 
Archery 
Arch.laolJre eid 

La'.4scsre Architecture 
Art 
Astr000my 
Athtetics 
Autor.ccve Maintenance 
Avia.c 
Bacircacklrig 
Basaslrv 
Bird S:dy 
Bug:cg (See Music) 
Carnc'g 
Care(ng 
Cher:st.'y 
Chess 
Citii'aiip in the 

Cc 
Citicc ccip 1 the Nation 
Citizeship in the World 
ClIrhcq 
Coi Colecting 
Cotactions 
Cor'mica5on 
Comos1n Materials 
Cocirr.ci; 
Crine Prevention 
Cyc - g 
Dei-.1:sny 
Dig2 Technology 
Dissbccies Awareness 
Doc Cre 
Draiicg 
Electccty 
Elecnoics 

m Eergency Preparedness 

Eng(neering 
En(recraneurship 
Environr1.3tal Science 
Explorato 

Merit Badge Pamphlet 
L ja 

a-- Mcrianics 
F 'elcctlng 
015 

:ildlife 
-- Maraqenent 

Fcres 
Gace Dssgn 

Ger.eao 
Geocscg 
Geoicgy 
Go 
Grapric Arts 
Hiking 
Home FtepairS 
Hcse1acship 

cseotSlUdy 

Kevaking 
La.-cscape Architecture 

(See Architecture) 
Law 
Lea:her.;ork 

ng 
Study 

Mi;nc 0 Schety 
Mccc Des:1i and Building 

Moicc ci Bugling 
Naicr 
Nocoll ceoce 

0100015509 
05.11509 

Pelsooa. Pitness 
Pelsonal Management 

Photography 
Pioneering 

Merit Badge Pamphlet Year 
P5111 Sc:elce 2014 
021011)110 2012 

2014 
2013 

Pc:. c Hee2n 2014 
Pcc c (3ceaoing 2013 
Puft' a,lld Paper 2013 
Rscc 2013 
Reirosding 2015 
Reacang 2013 

B ' : an Study 2014  
S:oot,cig 2012 

2016 
2014 

Saje(y 2015 
Saesranship 2013 

2014 
i-1eritage 201° 

Scuba(1 2009 
Sco1 2014 
Searoh 	Rescue 2012 
Siolgun SIcotSIg 2013 
Siqos. Scncda ecd Codes 2015 
SkeOc 2015 
Sna.-E 	cl Sailing 2016 
Sicc, Sports 2014 
Sc, 	ccc 0ster 

Corser•ctcrr 2016 
Scace Exo:ora:ci 2013 
Sc-- „  2012 
Scc 	;: Cc ccting 2013 
S. 	u, c.; 202 
Sustc050ily 2013 
So.Inr09 2014 
Tearce 2011 
Therne 2014 
Trafrc Sa(e:y 2016 
Trucir ransportation 2013 
Voiercary Medicine 2015 
tAater Sports 2315 
Weathsr 2012 
Welding 201€ 
Whitewater 2015 
Wildernass Survival 2012 
WoodCarvng 2016 
Woodwork 2011 

Vear 
2013 
2013 
2013 
2015 
2011 
2015 
201; 
2016 

2014 
2013 
2013 
2016 
2017 
2014 
2016 
2014 
2013 

2016 
2014 
2011 
2016 

2015 
2014 
2015 
2011 
2008 
203 
203 
2012 
2010 
2012 
2013 
2016 
2013 
20 1 6 
2016 
2013 
2013 
2014 
2015 
2C 1 4 

2012 
2013 
2015 
2016 

Vear 
2016 
2014 
2014 
20 1 5 

2013 

2013 

202 
2313 
HIG 
2012 
2013 
2311 
2015 

.0 

2006 
2016 

2011 
2013 
2 11,1 1 6 
2014 
23 1 2 
202 
2014 
2010 
20 5 
2313 
2013 
2014 
200 
2312 
2012 
20 2 
2018 
2015 
2013 
2016 
2017 

60V SCOUTS OF AMERICA • SUPPLY GROUP 
NATIONAL DISTRIBUTION CENTER 	 To place an order, 

2109 Westin ghouse Boulevard 	 ca1I customer service 

PC. Box 7143 	 toii-free 800-323-0736 

Charlotte, NC 28241-7143 	 or go to 
www.scoutstuff.org  



1)Ii\1I 1 	(I;,\l Ii 

AN!) 

~5I',"~ le . 7 

SKU 35877 

llhII I 1 I11ll 	IIF 7 30176 h 35877 
35877 	2017 Prnti 


