Fundamentals of Fiberglassing !

The main concern of this chapter is the chemical
part of fiberglassing. No prior experience in fiber-
glassing is assumed. Actual practice fiberglassing
exercises are detailed. These exercises are de-
signed for learning the characteristics and applica-
tions of both polyester and epoxy resin to reinforc-
ing materials. You will get the experience in
fiberglassing necessary for doing fiberglassing re-
pair work and molding, as detailed in later
chapters.

You should be familiar with and follow the
safety rules and precautions given in Chapter 4. In
addition, read the manufacturer’s directions and
safety precautions for each product and follow
them carefully.

To gain a better understanding of fiberglass-
ing materials and techniques, both polyester and
epoxy resins will be used with many reinforcing
materials. These will be used for practicing, learn-
ing, and experimentin® rather than actually repair-
ing anything. I feel that this is the best approach to
learning the skills and techniques necessary for
fiberglassing repair work. It is better to use up
some materials to gain necessary skill, control, and
confidence than to begin a fiberglassing repair job
immediately and botch it.

Let’s begin with polyester resins. These are
less expensive and easier to use than epoxy resins.

CATALYZING POLYESTER RESINS

The curing process for polyester resins is
called polymerization. It is fully initiated when a

catalyst, usually methyl-ethyl-ketone (MEK) per-
oxide, is added. The amount of catalyst to be added
depends mainly on the working temperature, the
amount of resin to be catalyzed, and the working
life desired. With a typical polyester resin, ¥ per-
cent of catalyst by volume will give a working life
or gel time (time from when the catalyst is added
until it achieves a gelatinous consistency) of about
60 minutes at 75 degrees Fahrenheit. The working
life or gel time is also called pot life. It's the time
you have for applying the resin. After the resin has
started to gel, the remainder in the pot or con-
tainer should be discarded. If applied to reinforcing
material, it will result in a lumpy mess. The resin
usually becomes hard soon after this, although the
complete cure goes on for two weeks or more.
Catalyzed polyester resin will actually cure faster
in the container in which it is mixed than when
spread thin, such as when applied to reinforcing
material.

Remember that different brands and types of
polyester resins will not all cure at the same rate
when the same amount of catalyst is added. Follow
the catalyzing directions for the particular polyes-
ter resin being used. This can vary somewhat from
the amounts given as samples in this chapter,

In the previous example, if the amount of cata-
lyst was doubled to 1 percent of catalyst by vol-
ume, the pot life would be reduced to about 30
minutes at the same 75-degree Fahrenheit work-
ing temperature. Two percent of catalyst by vol-
ume would further reduce the pot life to about 15
minutes,



If the working temperature in these examples
is 90 degrees Fahrenheit and the same amounts of
catalyst are added, the pot life in each case would
be approximately cut in half. It would reduce to
about 30 minutes with Y2 percent of catalyst by
volume added, to about 15 minutes with 1 percent
of catalyst by volume, and to about 7% minutes
with 2 percent of catalyst by volume.

If the working temperature in these examples
is 60 degrees Fahrenheit and the same amounts of
catalyst are added, the pot life in each case would
be approximately doubled. It would increase to
about 2 hours with ¥z percent of catalyst, to about
1 hour with 1 percent, and to about 30 minutes
with 2 percent.

For most fiberglassing repair work, small
quantities of resin, usually from about 2 to 8
ounces (Y2 pint), will be catalyzed for use at a time.
If larger quantities are used, there is danger of the
pot life expiring before all of the resin can be
applied. Once the resin starts to gel, it should be
discarded. Because high heat buildup can occur
with resin in a container, it is best to pour the resin
out in a safe place on the ground. Allow it to harden
before discarding it in a trash barrel.

As experience is gained, you might be able to
catalyze and use larger amounts of resin at a time
for some types of fiberglassing work, perhaps a
quart or more at a time. For learning purposes,
start with small amounts and then gradually work
up to larger amounts as your skill and confidence
improve.

Adding Catalyst

You must decide how to add such a small
quantity of catalyst. For most work, the amount of
catalyst added will range from about Y2 to 4 per-
cent by volume. Often the catalyst is supplied in
dispensers that allow release of the catalyst by
drops. In order to catalyze 1 ounce of resin with 1
percent by volume of catalyst, about 4 drops would
be required. While most catalysts also have a scale
marking on their containers, desired quantities can
also be poured out (usually by drops) by the change
in levels on the scale. The markings are usually in
ounces or cubic centimeters. Two hundred drops,

for example, equals about Y% ounce or 5 cubic
centimeters of catalyst.

I find it most convenient to add the catalyst by
counting drops when small amounts of resin are to
be catalyzed. Most catalyst dispensers allow adding
drops quickly, so 100 or more drops can be added
in a short time period. If you intend to do a lot of
fiberglassing, you will probably want to invest in a
special catalyst dispenser that allows more rapid
dispensing of desired amounts of catalyst. These
are available from fiberglassing suppliers. When
used, the catalyst is usually purchased in large
containers and then poured into the special dis-
penser as needed. If the catalyst that comes with
the resin you purchase does not come in a “drop”
dispenser, or you purchase catalyst separately that
doesn’t, you can use a regular eye dropper for
adding the catalyst by drops.

For the first practice fiberglassing exercises,
only small amounts of resin will be catalyzed at a
time. This can be applied quickly, so only a short
pot life is required. Usually 2 to 3 percent catalyst
by volume is needed to expedite the cure, which in
turn will allow more practice fiberglassing in the
same amount of time,

One ounce of resin is about Ys pint. One-half
percent by volume of catalyst is about 2 drops; 1
percent is about 4 drops; 2 percent is about 8
drops; and 3 percent is about 12 drops. At 75
degrees Fahrenheit, the Y2 percent would give a
pot life of approximately 60 minutes. One percent
would give approximately 30 minutes. Two per-
cent would give about 15 minutes. Three percent
would reduce the pot life or working time to about
7%2 minutes, which would still allow ample time for
applying this small amount of resin.

Using the same mixtures, higher working
temperatures reduce the pot life and increase the
curing rate. Lower working temperatures increase
the pot life and decrease the curing rate.

General Principle

The general principle is the more catalyst, the
faster the curing time; the less catalyst, the slower
the curing time. Also, the higher the temperature,
the faster the curing time; the lower the tempera-



ture, the slower the curing time. The same pot life
and curing time can be maintained in a range of
temperatures, usually from about 60 to 90 degrees
Fahrenheit, with most regular polyester resins by
varying the amount of catalyst used.

If at all possible, try to do your first practice
fiberglassing exercises with a working temperature
of about 75 degrees Fahrenheit, or at least at a
temperature as close to this as possible. The idea is
to keep the temperature variable constant at first
so that you can better concentrate on other fac-
tors. After you have a little practice, you can learn
to fiberglass in various temperatures.

Practice Exercise

The first exercise in catalyzing polyester resin
demonstrates the effects of adding different
amounts of catalyst to equal amounts of resin on
gel and curing time. It gives an opportunity to
study the characteristics of cured polyester resin
without reinforcing material. You need either fin-
ishing or general-purpose polyester resin, catalyst
for the resin, four mixing cups (the kind sold at
drug stores with ounce markings on the sides are
recommended), four small mixing sticks, and one
longer mixing stick that can be used to stir the
resin in the container in which it comes. You also
need a piece of wax paper and paper to protect the
area where you will be working, which can be on a
bench, floor, or concrete surface outside. You
should also have proper protective clothing and
safety equipment (see Chapter 3). Follow the
safety rules detailed in Chapter 4. This applies to
all fiberglassing exercises and repair work covered
in this book.

You also need a clock positioned so that it can
be seen from the work area. You also need a pencil
and notebook for recording the results of the prac-
tice exercises for future reference. Place a ther-
mometer in the work area so that you can note the
working temperature. You can start by writing the
temperature down in your notebook.

When you have everything ready, begin by
opening the container that the resin came in. Care-
fully stir it with a clean stirring stick. When remov-
ing the stick from the container, allow as much of

the resin to drain off the stick back into the con-
tainer as possible. Use a clean rag to clean off the
remaining resin from the stick. Put the stick aside
for later use. Keep this one stick for use only for
stirring uncatalyzed resin in the containers in
which it is sold.

Pour 1 ounce of resin into each of the four
cups. The markings on the sides of the cups can be
used as a guide, or you can use a 1-ounce measur-
ing scoop such as the kind used in the kitchen (but
don’t use it for kitchen duty again after you have
used it for measuring out resin). Replace the lid on
the resin container and set it aside.

To one of the cups containing 1 ounce of resin,
add 2 drops of catalyst. Stir with one of the small
sticks. Wait about 30 seconds. Observe the time on
the clock and write this down in your notebook.
Pour the catalyzed resin out on the piece of wax
paper and spread it into a thin layer with the mix-
ing stick. Use the small stirring stick to poke at the
resin as the curing takes place. Because 2 drops of
catalyst added to 1 ounce of resin is only about Y2
percent by volume, it should take about an hour for
the resin to gel. It should reach a cheeselike con-
sistency and become hard. By using the stick as a
probe, follow the process of the liquid changing to a
solid. Write down how long it took from the time
the catalyst was added until the gel state was
reached, and then how much longer it took for the
resin to become hard. The results depend on many
factors, such as the particular resin and catalyst
used, the working temperature, and the humidity.
Almost certainly the gel time and curing time were
much longer than really necessary.

With a second cup containing 1 ounce of resin,
add 4 drops of catalyst or twice as much as was
added to the first batch. This is about 1 percent by
volume of catalyst. Again, mark down the starting
time, noting the percentage of catalyst added.
Again, observe the time to gel state and until the
resin becomes hard. These times should be about
half as long as previously. The resin should be
poured from the cup to an area of the wax paper
separate from the first (now hard) resin, which
should be saved for later experimenting. Also, keep
track of the percentage of catalyst that was added
to each one.



Use the stirring stick to spread the resin out
on the wax paper into a thin layer. This should be
done so that the resin will still be in one piece when
it hardens. Use the stick as a probe to determine
when the gel state is reached and when the resin
becomes hard.

With the third cup of 1 ounce of resin, repeat
the same practice exercise, except this time add 8
drops of catalyst. This is approximately 2 percent
by volume. Mark down the starting time. Stir. Wait
about 30 seconds, then pour the resin out on the
wax paper in an area away from the first two
batches of resin, which should now be hard. Ob-
serve and record the time to gel and to when the
resin becomes hard. For a typical polyester resin,
the time to gel should be about 15 minutes, but
your results might vary. It should become hard
very soon— faster than was the case when less
catalyst was used.

Data from the Exercise

With the last cup containing 1 ounce of resin,
repeat the same steps, except this time add 12
drops of catalyst. This is about 3 percent by vol-
ume of catalyst. It should take only about 7%2 min-
utes for the resin to reach the gel state. The resin
should become hard very quickly. Record the times
in your notebook. Your results should be similar to
those shown in Table 7-1.

This will probably be enough fiberglassing for
one practice session. Save the four pieces of cured
resin, Mark them so that you can remember how
much catalyst was added to each one. These pieces
of cured resin will be used in the next practice
session. Finish the first practice session by cleaning
up the work area and putting everything away in an
organized manner. Remember to store resin in a
cool, dry place.

The data kept in your notebook will be useful

as a reference for future fiberglassing. For exam-
ple, if you later want to catalyze 4 ounces of the
same resin, check your notebook. I made Table 7-1
when I carried out this practice exercise. From this
table I can determine the amount of catalyst to be
added for various working times. For instance, 16
drops of catalyst are used (4 X 4) for 30 minutes to
gel or working time. Remember that the data is for
a specific working temperature (my working tem-
perature in this exercise was 75 degrees Fahren-
heit). If you do future work at a different working
temperature, the temperature will have to be
taken into consideration and new test data gath-
ered, as detailed previously in this chapter.

CURED POLYESTER RESIN
WITHOUT REINFORCING MATERIAL

Polyester resin alone, without reinforcing ma-
terial, is quite brittle when cured. Take the piece of
resin that was formed by Y2 percent by volume of
catalyst and place it on a hard surface. Tap it with a
hammer. It will probably shatter rather easily, Re-
peat with the other three pieces of cured resin.
Could you observe any differences between the
ease (or difficulty) of shattering them? In most
cases you probably would not be able to detect any
differences. The variations in amounts of resin
used in this practice work probably would not have
much affect on the strength of the cured resin.
Things might be different if you went to greater
extremes, such as less than %2 percent catalyst by
volume or more than about 5 percent catalyst by
volume. Too little catalyst would also give an
unreasonably long working time, and too much cat-
alyst would not give you enough time to apply the
resin to anything,

The hammer test is a form of destructive
testing. You found that the resin without reinforc-
ing material shatters rather easily, but you also

Table 7-1. Data from the Exercise in Catalyzing Polyester Resin.

Amount of Percent of Volume Drops of Min. to Min. until
Resin (0z.) of Catalyst Catalyst Gel Hard

1 o 2 50 70

1 1 4 30 35

1 2 8 15 17

1 3 12 7- 8




ruined the material in the process. This is an ad-
vantage of doing practice work before attempting
actual fiberglassing repairs. On actual repair work,
you will have little opportunity to do destructive
testing. Destructive testing can tell you plenty
about the strength and integrity of your fiberglass
laminates that nondestructive testing can’t, at least
not so convincingly.

ADDING REINFORCING
MATERIAL TO POLYESTER RESIN

Most of the same materials and supplies used
for the first practice exercise will also be required
for this one, except that you will only need one
(clean) small mixing cup and one small stirring
stick. For the following practice exercises, you
should have an ample supply of mixing cups and
stirring sticks on hand. For this exercise you also
need some chopped strands of glass fibers. Because
you will only need a small amount, and fiberglass
mat will be required for future practice exercises,
just purchase fiberglass mat and pull chopped
strands of glass fibers from it. Save the rest of the
mat for later. Store it inside a plastic bag.

Measure out an ounce of the general-purpose
or finishing polyester resin into a mixing cup and
then replace the lid on the resin container. Don’t
forget to stir the resin in the container before
pouring or dipping out in a measuring cup the 1
ounce for use in this practice exercise. If this is not
done, you will have thinner resin at the top of the
container than at the bottom. The stirring assures
an even consistency. .

Before adding catalyst, add 3 ounce of
chopped strands (either purchased chopped strands
or those pulled from fiberglass mat) to the ounce of
resin. With a small mixing stick, stir the resin and
the chopped strands together. Make sure that all
the chopped strands are saturated with resin.

Add 8 drops of catalyst to the resin. This
should be about 2 percent by volume; you only
count the resin, not the reinforcing material. You
should have approximately 15 minutes of working
time. Stir the catalyst into the resin. Then wait
about 30 seconds. Pour the mixture out onto wax
paper, using the stirring stick to get as much of it

from the cup to the wax paper as possible. Use the
stick to spread the resin and reinforcing material
into a layer about Y inch thick.

Keep track of the time from when the catalyst
was added until the gel state is reached and then
the time until the mixture becomes hard. This
should be approximately the same as when 8 drops
of catalyst were added to 1 ounce of resin without
reinforcing material.

After the mixture is hard and no longer tacky
on the surface, pick it up from the wax paper. Note
several things. First, you have more mass than
when the resin alone was used previously. Second,
the reinforced resin looks different than resin
alone. You can probably see some of the strands of
chopped glass fiber on the surface of the mixture.
The side that was against the wax paper is proba-
bly quite smooth; the wax paper acted like a flat
molding or forming surface.

Place the material on a hard surface and give
it a tap with a hammer. Try to do this in the same
manner as was done with the hard resin alone. Did
the reinforced material shatter as easily? Unless
something drastic happened, it should be much
more difficult to shatter the reinforced resin. Even
when it does break up, the reinforcing fibers tend
to keep the material from shattering.

ADDING POLYESTER RESIN TO MAT

For this practice exercise you need, in addi-
tion to the general-purpose or finishing polyester
resin, catalyst, and other basic items required for
the earlier practice exercises, a Yz-inch brush, a
piece of cardboard, and a 6-inch square piece of
1Yz-ounce mat. Because you will need more mat
later, purchase a larger piece and cut off a 3-inch
square from one corner for use in this exercise. Put
the remainder of the mat in a plastic bag, so it will
stay clean and dry for later use.

Because 1 square foot of 1%z-ounce mat
weighs approximately 1Yz ounces, the 6-inch
square should weigh one-fourth as much, or about
0.38 ounce. Mat laminates are typically 25 to 35
percent fiberglass reinforcing material and 65 to
75 percent resin by weight. For the 25 percent
mat ratio, about triple the weight of the mat in



resin is required to fully wet out the mat. For the
6-inch square of 1%2-ounce mat, three times 0.38
ounce, or 1.14 ounce of resin, will be required.

For this practice exercise, pour about 1%
ounces of resin into a mixing cup. You will need
about 7% minutes of working time. Look in your
notebook and see how much catalyst you should
add. For a working temperature of 75 degrees
Fahrenheit, this should be about 12 drops for 1
ounce of resin or 15 drops for 1% ounces.

Before adding the catalyst, place the piece of
mat on the cardboard (Fig. 7-1). Have wax paper
ready to place the mat on once one side of the mat
has been saturated with resin. Use the cardboard
to turn the mat over, so the wet side of the mat will
be face down on the wax paper. Have the brush
ready.

Add the catalyst to the resin and stir. Wait
about 30 seconds. Using the brush, apply resin to
one side of the mat, which should be on the card-
board (Fig. 7-2). Use a dabbing action rather than a
brushing motion so you do not lump up the mat.

This applies mainly to mat; you won’t have the
lumping problem with cloth and woven roving.

When the one side of the mat is fully saturated
with resin, hold the cardboard, turn the mat over,
and place it with the wet side down on the wax
paper (Fig. 7-3). Using the brush, work any resin
that remains on the cardboard onto the mat. Put
the cardboard aside. Using the brush, dab the re-
maining resin on the other side of the mat, saturat-
ing the mat and getting the resin spread as evenly
as possible (Fig. 7-4). When everything looks okay,
clean the resin from the brush with acetone. This
must be done before the resin hardens if the brush
is to be used again.

Use a stirring stick to probe one corner of the
mat to determine approximate gel time and curing
time. After the laminate has cured (wait at least a
few minutes after the laminate is hard), pick it up
from the wax paper and examine it. If everything
was done correctly, you should have a mat laminate
made up of approximately 25 percent mat by
weight and 75 percent resin by weight (Fig. 7-5).

CARDBOARD

Fig. 7-1. Place the mat on a piece of cardboard.



CARDBOARD

Fig. 7-2. Using a brush, apply resin to one side of the mat.

Slightly more resin was actually used, but some
resin probably couldn’t be recovered from the
cardboard and brush. The finished laminate should
weigh approximately 12 ounces. The laminate

should be about Y20 inch thick. Also, the side of the
mat that was placed over the wax paper should be
quite smooth as the wax paper acted as a form or
flat mold. The wax paper could have been placed on



WAX PAPER

Fig. 7-3. Use the cardboard to turn the mat over wet side down on waxpaper.

a curved surface to mold a curved mat laminate.
Save the mat laminate for later comparison with
other laminates.

ADDING POLYESTER RESIN TO CLOTH

This is essentially the same as the mat exer-
cise, except this time cloth is used (Fig. 7-6). You
will need a 6-inch square piece of 10-ounce-per-
square-yard fiberglass cloth. Because you will need
more fiberglass cloth later, purchase a larger piece
and cut off a 6-inch square from one corner. This
will give you one selvaged edge and three that
aren’t. Be careful when cutting and handling the
cloth so as not to unravel the unselvaged edges any
more than necessary. Put the remainder of the
fiberglass cloth in a plastic bag to keep it clean and
dry for later use.

Because 1 square yard of 10-ounce cloth
weighs approximately 10 ounces, the 6-inch square
should weigh about 0.3 ounce, or % as much.
Cloth laminates are typically 45 to 50 percent fi-
berglass cloth by weight and 50 to 55 percent resin

by weight. For the 50 percent cloth ratio, the
weight of the resin should be equal to the weight of
the cloth. For the 6-inch square piece of cloth,
about 0.3 ounce of resin will be required. Because
some resin will be lost on the cardboard and brush,
approximately %z ounce of resin should be used for
this practice exercise.

Pour Y2 ounce of resin into a mixing cup. For
this practice exercise, you will need about 7%z min-
utes of working time. Look in your notebook and
see how much catalyst should be added. For a
working temperature of 75 degrees Fahrenheit,
this should be about 12 drops for 1 ounce resin or 6
drops for %2 ounce of resin.

Before adding the catalyst, place the piece of
cloth on a piece of cardboard. Have wax paper
ready as well as a brush for applying the resin.

Add the catalyst to the resin and stir. Wait
about 30 seconds. Using the brush, apply resin to
one side of the cloth, which should be on the card-
board. A brushing action can be used but take care
not to unravel the unselvaged edges of the cloth.



WAX PAPER

Fig. 7-4. Fully saturate the mat with resin.

MAT AND RESIN

ROUGH SIDE

SMOQTH SIDE

When one side of the cloth is fully saturated
with resin, hold the cardboard, turn the cloth over,
and place it with the wet side down on the wax
paper. Using the brush, work any resin that re-
mains on the cardboard onto the cloth. Put the
cardboard aside. Brush the remaining resin onto
the cloth. Saturate the cloth and get the resin
spread as evenly as possible. When everything

Fig. 7-5. Single-layer fiberglass mat laminate.

Fig. 7-6. Single-layer fiberglass cloth laminate.



WAX PAPER

Fig. 7-4. Fully saturate the mat with resin.

-

MAT AND RESIN

ROUGH SIDE

SMOOTH SIDE

When one side of the cloth is fully saturated
with resin, hold the cardboard, turn the cloth over,
and place it with the wet side down on the wax
paper. Using the brush, work any resin that re-
mains on the cardboard onto the cloth. Put the
cardboard aside. Brush the remaining resin onto
the cloth. Saturate the cloth and get the resin
spread as evenly as possible. When everything

=

Fig. 7-5. Single-layer fiberglass mat laminate.

Fig. 7-6. Single-layer fiberglass cloth laminate.
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looks okay, clean the resin from the brush with
acetone. This must be .done before the resin
hardens if the brush is to be used again.

Use a stirring stick to probe one corner of the
cloth to determine approximate gel time and curing
time. After the laminate has cured, pick it up from
the wax paper and examine it. If everything was
done correctly, you should have a cloth laminate
made up of approximately 50 percent cloth by
weight and 50 percent resin by weight. Slightly
more resin was actually used, but some resin prob-
ably couldn’t be recovered from the cardboard and
brush. The finished laminate should weigh approxi-
mately 0.6 ounce and be about %4 inch thick, much
thinner than the mat laminate. Compare it to the
mat laminate to see if this is so. The mat laminate
should be about three times as thick as the cloth
laminate. The cloth laminate should weigh slightly
more than one-third the weight of the mat
laminate.

The side of the cloth that was placed over the
wax paper should be relatively smooth because the
wax paper acted as a form or flat mold. Depending
on the viscosity of the resin used, how it was
applied, and other factors, some of the cloth weave
pattern probably shows through.

The other side of the cloth laminate is proba-
bly not as smooth and even as it was laid up without
the use of a contact surface. With a single layer of
cloth, a fairly even surface should result as long as
too much resin isn't applied. Save the cloth lami-
nate for later comparison with other laminates.

ADDING POLYESTER
RESIN TO WOVEN ROVING

This is essentially the same as the cloth exer-
cise, except woven roving is used instead of cloth
(Fig. 7-7). You need a 6-inch square piece of 24-
ounce per square yard fiberglass woven roving.
Because you will need more fiberglass woven rov-
ing later, purchase a larger piece and cut off a
6-inch square from one corner. Because woven

Fig. 7-7. Single-layer fiberglass woven roving laminate.

roving doesn’t have selvaged edges, take care
when handling and cutting the material to keep it
from unraveling. Put the remainder of the woven
roving in a plastic bag to keep it clean and dry for
later use.

Because 1 square yard of 24-ounce woven
roving weighs approximately 24 ounces, the 6-inch
square should weigh about 0.68 ounces, or Y36 as
much. Woven roving laminates are typically 40 to
45 percent reinforcing material and 55 to 60 per-
cent resin by weight. Thus, the weight of the resin
will be slightly more than the weight of the woven
roving. For the 6-inch square piece of woven rov-
ing, about 0.7 ounce of resin will be required. Be-
cause some of the resin will be lost on the card-
board and brush, use approximately 0.8 ounce of
resin for this practice exercise. Pour 0.8 ounce of
resin into a mixing cup.

This exercise needs about 7%z minutes of
working time. A working temperature of 75 de-
grees requires about 12 drops of catalyst for 1
ounce of resin, or about 10 drops for the 0.8 ounce
of resin.

Before adding the catalyst, place the woven
roving on cardboard. Have wax paper and a clean
brush for applying the resin ready.

Add the catalyst to the resin and stir with a
mixing stick. Wait about 30 seconds. Using the
brush, apply resin to one side of the woven roving,
which should be on the cardboard. A brushing ac-
tion can be used, but take care not to unravel the
edges of the woven roving. This is a special prob-
lem with such a small piece of woven roving.

When one side of the woven roving is fully
saturated with resin, pick up the cardboard, turn
the woven roving over, and dump it wet side down
on the wax paper. Using the brush, work any resin
that remains on the cardboard onto the woven
roving. Put the cardboard aside. Brush the remain-
ing resin onto the woven roving. Saturate the
woven roving and spread the resin as evenly over it
as possible. When everything looks okay, clean the
resin from the brush with acetone. This must be
done before the resin hardens if the brush is to be
used again.

Use a stirring stick to probe one corner of the
woven roving to determine approximate gel time





























































































