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Fig. 1—Class-fiber thermal insulation be-
ing installed in the roof of an industrial
plant

Fig. 2—Light-weight glass-fiber material
posscsses acoustical as well as thermal in-
sulating propertics. Here it is being installed
in the cabin of an dirplane

Fig. 3—These glass-fiber reinforced plastic
aircraft parts illustrate adaptability of the ma-

]
terial to fabrication of complex and com- . L
: pound-curve parts . '\“% .
-\
Fig., 4—Strength properties attalnable with M
cross-laminated glass-plastic laminates and i

parallel-laminated glass-plastic laminates as
compared wiih corresponding properties of
24 ST aluminum and structural steel 10 their
yicld point, Values are” based on laminates
made with heat-treated non-directionsl glass
cloth and a representative low pressure resin
molded at 15 psi pressure

.
7
\‘:‘

Fig. 5—Comparison of the energy absorbing
values of glass fibers and otirer materials

P

Pk

AR

PRI T

- et




GLASS fibers possess the greatest tensile strength-weight ratio of any commercial
material either occuring in nature or synthesized by man. Fibers averaging 23 one-
hundred-thousandths in. in diameter have a tensile strength of more than 250,000 psi.
Eaperimental glass fibers have Leen produced with a diameter of 2 one-hundred-
thousandths in. and with tensile strengths considerably higher than this value.

Fibrous glass is an engincering material in the same scnse that steel, copper and
aluminum are cngincering materials, and like them, it is produced in a great variety
of types and forms. Real start toward commercially uscful glass fibers was made in
1931. In that year, research aimed at the development of the necessary processes
was initiated in this country by Owens-Illinois Glass Co., manufacturer of glass con-
tainers, and by Coming Glass Warks, manufacturer of glass specialties ranging from
light bulbs Lo Jaboratory glassware and giant telescope mirrors.

¥rom 1931 to 1938 Owens-1llinois and Corning, working scparately toward the
same goal, spent millions of dollars on the experimental and development work re-
quired to create the manulacturing processes and acquire the knowledge needed, not

only ta produce glass in uscful fiber
form, but to make practical its pro-
duction on a commercial scale. Rapid
progress was made in improved man-
wfacturing processes and products, and
in developing markets.

Late in 1938 Owens-Corning Fiber-
glas Corp. was formed to continue
the manufacture of Fiberglas (glass
fiber) materials, to carry on further
research, to explore additional new
uses, and to adapt the materials to
still other uses which their inherent
properties made them uniquely qual-
ified to serve.

Properties of Fibrous Glass: There
is no universal engineering material,
in the scnse of a material that pos-
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Fiz. 6—=Installing plass-fiber ther-
mal insulation in the refrigerated
compartment of a merchant ship

Fig. 7 — Tensile strength of in-
dividual glass fibers, in the order
of 300,000 psi, is compared with
the temile strengths of a number
of other matcrials, Chart A shows
tensile strengths per sq {n.; chart
B shows specific tensile atrengths,
obtained by dividing tensile
strength by specific  gravity—in
other words the ansuer thus de-
rived expresses the strength a3
strength per pound

sesses propeeties which fit it to meet all
requirements for all conccivable end uses.
\Vith any material therefore, a first step
is to determine what propertics it does
possess—bath those which will contrib-
ute to its wide acceptance and those
which may prove a handicap. The next
logical step is to dctermine what end
urns its combination of properties {it it
for.

Flexibility is the property of glass
fibers which distinguishes them from all
other forms of glass, GClass fibers are
flexible for just one reason, They are
almost incredibly thin in relation to their

_ length. Steel Is rigid In a thick, short

piece, but heat it and draw it out into
a-fine wire and it becomes extremely
flexible. The same is true of glass, but
to be truly flexible the diameter of the
glass must be much smaller in relation
to length, than is required in the case
of steel. .

Cast aluminum, bulk glass and glass
fibers all have about the same specific
gravity—2.6 for sluminum, 2.5 for bulk
glass, and 2.4 for glass fibers. However,

a cubic foot of uncompressed glass fibers
of the wool-like type uscd for thermal
insulation welghs only 1'% 1b, and is ap-
proximately 100 times lighter than 2
cubic foot of bulk glass. Figs. 5 and 7
give some physical properties of glass
fibers in comparison with other materials.

Class_fibers possess high diinensional
and physical stability.  Althongh they
may be as fine as gessamer, the fibers
are ncither more nor less than micro-
scopically thin glass rods. Because they
have no cellular inter-structure they can-
not absorb moisture. Their surfaces can
be wet, but moisture cannot get inty the
fibers.  Moisture, therefore, cannot cause
them to shrink, stretch or swell,

At tension approaching breaking
strength the fibers shaw an clongation up
to 3 per cent.  The fibers cannot rot or
oxidize, for the elements of the glass are
alrcady in a complete state of oxidation.
They are unaffected by weak alkalis,
and by acids in thein mast concentrated
forms, cxcept hydrofhioric and phosphorie
acids. Finally, the fibers are completely
incombustible.

In meeting requircments for thennal
insulating materials that would stand up
under the strains, stresses, vibration and
urmidity canditious to which combat ships
and bomber and fighter planes were
subjected  during Waorld  War M, the
Fiberglas Corp. and applicators of s
materials developed many improvements
in products and insulation methods. These
are reflected in the postwar uses of glass
fibers in such standard prewar applica-
tions as the thermal insulation of homes,
refrigerators, fond and heverage cortain.
ers, roasters, stoves and water hoaters ..
freight and passenger plancs, railroad
cars, trucks, buses and merchant ships. ..
factorics and other types of industrial and
commercial buildings and their equip-
ment.

Forms and Applications: The resiient
mass of intricately interlaced glass fibers
which is the basis of all forms of Fiber-
glas thermal and acoustical insulation
may be composed of fibers ranging in
diameter from 5 to 55 one-hundred-thous-
andths in., depending upon the purpose
for which the insulation is to be em-
ployed. The wool-like mass can be in-
stalled in the form of bats, molis, bulk
fibers or shredded fibers. Blankets into
which the mass can be formed can be
faced with paper, a fabric or a metal
mesh. Sheets and boards into which the
mass can be fabricated can be given 3
varicty of surface trcatments, including
a sanded, smooth finish on one side, a
paper or fabric facing on onc sidc, and an
overall asphalt coating. They can be
given a hard surface by facing them on
one or both sides with sheets of plywood
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or even with a plastic materlal,

Predetermined density of the rigid and
semirigid forms can range from 2.5 to
g 1b per cu ft. Density of the other
forms can be varicd by compression over
a similar range. The K factor, at 50°
mean temperature difference, ranges from
8% for the wool-like uncompressed forns
at nomal density of 1% b per cu ft.,
to 0.23 for a 9 1b density board. Low
thermal conductivity s due primarily to
the millions of air spaces cntrapped by
the interdaced fibers.  These air spaces
are poor conductors of heat. In addition,
where the fibers cross and touch each
other they have cxceedingly small con-
tact poinis. Heat, thercfore, cannot pass
readily from one fiber to another.

Air spaces, and the tremendous sur-
facc arca presented by the mass of fibers,
aliorh and Dreak up sound waves. When
glass fiber bats, wolls, blankets, sheets or
boards are installed immediately behind
a perforated surface of metal, asbestos
board, fiber board or similar material,
a noise reduction factor as high as 0.95
mav he olitained, the exact figure de-
pemdig upon the forn, thickness and
demsity of the {ibrous glass, the type of
finish and the method of installation.

Glass fiber thermal and sound insulat-

ing materials are inherently firesafe and
possess immunity to rot and decay. In
addition, tho materials provide no sus-
tcnance for fnsccts or vermin of any
kind. Properly Installed, they do not

- scttle down under shock or vibration,

leaving gaps for heat or sound to pass
through; rather, unless bonded with a
resin, the compressed fibets tend to fluft
out filling any voids. The amount of
moisture picked up by the massed fibers
from humid afr is small.

Fiberglas thermal and sound insulation
is one of the group of mineral wool in-
sulations, including rock wool and slag
wool, with which applicators and users
have been familiar for a half century.
The bat, roll, bulk and shredded forms
arc suitablo for usc in all temperatures
from subzero to approximately 1000° F.
Bats and rolls arc widely used in stoves,
roasters, water heaters, industdal ovens
—also for tho insulation of homes and
other buildings, rmilroad cars, ships,
buscs, and trucks. Bulk fibers are gen-
erally employed as an accessory material,
for stuffing or packing into odd spaces.
The shredded funn of fnsalation §s used
wherever pruematic wpplication is called
for.

Fibrous gliss blankets faced with flame-

Fig. $—Fiberglas insulating cement being applied ocer Fiberglas metal mesh
Llankets used to insulate a large tank

Fig. 9—Comparative strength properties attainable with cross-laminated glass-

plastic laminates and parallel-laminated glass-plastic laminates as comparcd

with corresponding propertics of 24 ST aluminum and structural stecl to their
yleld point
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proofed muslin or Kraft paper are used
extensively to insulate buildings, refriges-
ated frelght cars, railway passenger cam,
trucks, trailers and buses. Blankets with
a facing of noncombustble glass fiber
cloth are used to insulate aircraft and
aireraft equipment such as gasoline heat-
er cxhausts, heat exchanger ducts, and
other high-temperaturc  pipes, tublng,
ducts and fittings. With a metal-mesh
facing, the blankets are employed for
tho Insulation of heated cquipment such
as boilers, tanks, industrial ovens, large
ducts and brecchings,

Class fibers in the form of semirigid
sheets or boards are used for building
insulation and for shipboard bull and
bulkhead insulation. They are also em-
ployed in all types of low and medium-
temperature equipment up to about 600°
F. In cquipment opcrating at tempera-
turcs obove 450° F, the resin used a8
a binder disappears from the hot side,
Jeaving & laycr of unbonded fibers which
fulfills its insulation funclion with un-
impaired efficiency up to 1000° F, so
long as it is enclosed by supporting -
faces,

Sheathed on all sides with a tough,
durable a:phalt coating, 3 board made
of the glass fibers is widely used in cold

. storage service, and performs efficicatly
under conditions of moisture and temper-
ature variaticns such as exist in refrig-
erated spaces. An asphait-tnclosed board
with a density of 9 b per cu {t can be

{Flease turn to Page 127)
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Glass Fibers ‘
(Continucd from Page 99)

used for the insulation of floors and the
construction of scli-supporting—but not
Joad-hiearing—pantitions. A 6-1b density,
asphalt-cnclosed board is made for use
only on ceilings, and on walls where the
structure carrics the whole load.

These boards, which can be molded
into evlindrical form, provide n conven-
jent and efficlent material for insulating
steam and other pipes in all standard
sizes up to 80 in. inclusive for tcmpera-
tures up to G00* F. A blanket-type in-
sulation with a metal-mesh facing s
employed for insulating pipes up to 1000°
1 iu sizes from 8 in, up, A high-temper-
ature block is available for insulating
boilers, breechings, heated tanks, casings,
ducts and other heated process equip-
ment operating at  tempemtures up o
1800° ¥,

Fabrics: Incombustibility and dimen-
sional stability are largely responsible
for the numerous current uses of glass
Gihor teadiles, Tensile strength of stand-
ard glas teatile fibers is in the order of
250,000 psi.  Average fiber diameters
range from 22 to 38 onc-hundred-thous-
andths in.  Realizable strength, after
the fibers have been fabricated into yamns
and fabrics, is somewhat less than the
strength of the individual fibers, and s
influcnced by the construction of the yar»
and weave of the fabric.  The breaking
strength, however, is considerably higher
than that of other textile materials of
comparable thickness and construction.

The incombustibility and dimensional
stalility of the glass fibers are retained
in the varns wd fabries.  Like the fibers,
the varns show an clongation up to 8
per cent at mavimum tension. Fabrics
have little or no stretch, except that due
to the weave. Maisture changes do not
cause stretch or shrinkage. Both yarns
and fabries have good clectrical insulat-
ing charcteristics.  Like the fibers, the
fabrics arc unaffected Ly weak alkalis,
and by acids, cxeept hydrofluoric and
phosphoric acids,

Fabrics of Fiberglas coated with syn-
thetic rubbers and resins developed for
war uses have high tear strength, with-
stand repeated flexing, are resistant to
destruetion by fungi, and have high di-
mensional  stability,  Other  prdpertics
vary with the coating employed, but
coated glass fabrics are being produced
which are flameproof and have high
resistance to moisture penetration and to
the effects of contact with gasoline, oil,
chemicals and greasces.

Present uses include aircraft battery
covers, oi] pressure switch diaphragms,
aircraft tape for expansion joints of hot
air ducts, protective clod\ing for workcers
in chemical plants and protective carry-
mg cases for precision instruments. Per-
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totnance ol the madenad in this last ap-
plication has created a potentinl demand
for it in otler similar applications where
leather or organic fabric construction
has been used. One such ‘opplication is
durable, light-weight luggage.

Class fiber tapes, bralds, cloths and
slecvings, impregnated with a sultable
varnish were belng widely employed as
elecirical fnsulation in motors, genera-
tors, transformers and other electrical
units before the war. The same char-
acteristics that caused this kind of elec-
trical Insulation to be so widely used in
war applications—~a small space factor
and resistance to high temperatures and
moisture  penctration— are proving a
major aid to design engineers in their
continuing efforls to give clectrical equip-
ment greater stamina and to reduce the
size and weight of units required to do
a given job, For special uses, glass fiber
insulated motors have been made that
weigh only a pound per horscpower.

Class-Reinforced Plastics: In fubricat-
Ing glacs fiber-reinforced plastics, layers
»f Fiberglas cloth are impregnated with
a low-pressure, thermo-setting resin and
are placed, one on top of another, until
n laminate of the desired thickness s
built up over or in a mold; or the lami-
nate may be built up and then draped
over, or shaped in, a mold. The mold,
and the laminate formed to the desired
shape, are placed in an oven where the
laminate is cured.

Because the low, or contact, pressure
tesins  polymerize without giving off
volatiles, it Js possible to cure them In
any desired shape merely by holding
them in contact with the mold. This
makes possible the , fabrication of very
large parts—the whole top of a railway
car or the hull of a boat, for instance
without the expense and physical limi-
tations imiposed by the use of high-
l)fl‘.\"“ll’(‘ pf(‘.\\'('.\‘.

It also means the climination of ex-
pensive dies and jigs for since high stres-
tes are not applied to the molds they
e he of inexpensdve construction. Al
this adds up to the fact low-pressure,
glass-reinforced plastics can simplify and
lower the cost of fabricating many parts,
particularly large parts and those in-
volving: compound curves. They permit
a frequency of design change that is
uneconomic where there is g heavy in-
vestment in costly dies.

In general, their field appears to be
the range and varety of parts that are
produced In the hundreds or thousands
tather than in the millions, and In the .-
prodnction of which, because of their
relatively small wvolume, the cost of
expensive mctal dies is u prohibitive or
burdensome factor. '

Class-plastic laminates can be given
8 highly polished finish in any desired
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color by apray-painting then with eellu-
losc-acetate or cellulose-nitrate  based
finishes. Also, a polished, color finish
can be applied by impregnating the glass
mat with a resin to which the color has

" been added, and bonding the mat to the

laminate in the mold.

In machining glass-plastic combina-
tlons, ordinary machine shop equipment
Is used, but at higher speeds than in
the machining of metals. The niechanic
who could make a part if it were metal
can, with a little experience, do an
equally workman-like job on glass-plastic
laminates. For longer tool life, carbide
or carbido tipped tools should be used.

These glass plastic combinations pos-
sess “xtzemely high strength in propor-
tion to their weight. Test specimens
have shown tensile strengths of frem 50,
000 to 80,000 psi, compression strengths
of over 50,000 psi, and impact strengths
of over 30 ft Ib, as compared with 2 ft
b for ordinary plasties.  Compuarative
properties of ghiss-plastic Luninates, steel,
and aluminum arc given in Figs. 4 and

9.

Aircraft parts have provided the most
spectacular applicatiops ¢f glass-plastic
combinations, but they are also widely
wed for the falrieation of tools, dies
and jigs, and for pancl boards on which
electrical control instruments are mount-
cd. Designers and engineers are experi-
menting with the material for such
products as boats and canocs, pusenger
car and track body parts, fumiture,
kitchen and  bathroom assemblics, re-
frigerator and radio cabinets, aud dozens
of additional articles where attainment
of light weight combined with high
strength and ease of fabrication is the
goal.

Air Filters and Tawer Packing: Onc of
the fint commercial uses of ghase filers
was for ale filtration, in which pul of
reltively coarse Dibers, treated with an
adhesive, were employed to strain dust
and pollen from the air cirenlated by
forced-wanm-air heating  systems,  and
nir conditioning  systems, Today  glass
fiber air fitters arc becoming a stand-
ard requirement for these systems in
homes, factorics, stores, theaters and other
buildings. They are also widely employed
in industrial plants to collect abrasive
dusts created by manufacturing proc-
esses, )

A recent development is the use of
these coarse fibers as packing for dis-
tillation columns, acid coalescers, catalyst
towers, and scrubbing or washer towers.
The fibers are used for this purpose by
the petroleum chemical, distilling, stecl
and other industrics. The great sur-
face arca and large frec volume of the
materfal Incrense operating efficiency ond
specd production. ’

Fibrous Cl-ss Mats: The thin, fclted

Fibergliss mats which, by holding the
bowcr-producing maerial in place, gave
longer life to storage batteries in military
automotive cquipment during the war,
were uscd for the same purpose in pas-
senger cars, buses and trucks hefore the
war, and arc again being widely used
in storacc batteries for peacetime autn-
motivo cquipment.  In addition, new
uses for the mat have heen developed.

In roll form, it is being employed as
a material for wrapping undeground oil,
gas and other pipe lines to protect them
against corrosion and electrolvtic action.
It can be wrapped around bitwnen or
coal tarcoated pipe, thue forming o
continuous water-tight bond. The ma-
terial has negligible moisture pick-up
and its tensile steength i preserved
through a wide rance of temperatures
and cxposuro to organic solvents and
soil acids.

These mats are being emploved as the
baw for a ncw plistic laminated ma-
terial. Possessing a low and stable loss
factor over a wide frequeney range,
the laminate yreatly extends the ficld
for plastic coil fonns, condenser spacers,
stand-off insulators, ete., in radio, radar,
television and other high-frequency clee-
tronic devices. In building up the Jami-
nate, glass fiber mats are impregnated
with a thermo-setting anilinc-formalde-
hyde re<in, and are cured under high
pressure.  In addition to its low loss
factor, the laminate poscesses  high
strength, high temperature  resistance,
dimensional stahility and resistance to
fungus attack. Cond machinability s
another important property of the lami-
nate.

Fibrous glass mat is ako being em-
ployed as a basc material for gackets
and sheet packing. The mat acts as
a carrying medium for synthetic recing
suitable for applications requiting re-
sistance to heat, oil and acids. Glass-
base gaskets now being manufactured
show high  pressnre  resictance,  gond
chemical durability and little flow under
flango pressure,

—0—
LISTS ELECTRODE INCORRECTLY

In the January 6, 1947 advertisement
of The Champion Rivet Co., Gray Devil
No. 2 electrode was listed as a 6013 rod.

" This was an error as the rod is, in reality,

6012, The Graydac is the Champion 6013
rod.

———

Publication of a new 188-page manual,
No. 15, by Bantam Bearings Diwision,
Torrington Co., South Bend, Ind, com-
pletes a series of three volumes published
to provide full benring enginecring data
and to fumish an authoritative guide in
the propet selection of suitable antifnz-
tion bearings for all types of installations.
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