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FIBER GLASS
FABRICS



PHYSICAL PROPERTIES
OF FIBER GLASS

The versatility of glass as a fiber makes it a unique
industrial textile material. Fiber glass in fabric form offers
an excellent combination of properties from high strength
to fire resistance. Wide ranges of yarn sizes and weave
patterns provide unlimited design potential, allowing the
end user to choose the best combination of material
performance, economics and product flexibility.

Dimensional Stability

Fiber glass is a dimensionally stable engineering material.
Fiber glass does not stretch or shrink after exposure
to extremely high or low temperature. The maximum
elongation for “E” glass at break is 4.8 percent with a
100 percent elastic recovery when stressed close to its
point of rupture.

Moisture Resistance
Glass fibers do not absorb moisture, and do not change
physically or chemically when exposed to water.

High Strength

The high strength-to-weight ratio of fiber glass makes it a
superior material in applications where high strength and
minimum weight are required. In textile form, this strength
can be unidirectional or bidirectional, allowing flexibility in
design and cost.

Fire Resistance

Fiber glass is an inorganic material and will not burn or
support combustion. It retains approximately 25 percent
of its initial strength at 1,000°F.



Chemical Resistance

Most chemicals have little or no effect on glass fiber.
The inorganic glass textile fibers will not mildew, rot or
deteriorate. Glass fibers are affected by hydrofluoric, hot
phosphoric acids and strong alkaline substances.

Electrical Properties

Fiber glass is an excellent material for electrical insulation.
The combination of properties, such as low moisture
absorption, high strength, heat resistance and low
dielectric constant, makes fiber glass fabrics ideal
as a reinforcement for printed circuit boards and
insulating varnishes.

Thermal Conductivity

A low coefficient of thermal expansion combined with
high thermal conductivity properties make glass fabrics a
dimensionally stable material that rapidly dissipates heat
as compared to asbestos and organic fibers.



INDUSTRIAL APPLICATIONS
FOR FIBER GLASS FABRIC

Fiber glass fabrics are used in a wide range of industrial
applications. High strength, dimensional stability, design
flexibility and excellent electrical properties are some of
the characteristics that ensure optimum performance
and economy with this highly engineered material.

Reinforced Plastics

Fiber glass fabrics used as reinforcement for plastics
have replaced traditional materials, such as wood, steel,
and aluminum, in a vast array of products. The inherent
strength, light weight, dimensional stability and low
tooling costs derived from fiber glass reinforced plastics
help make many products more durable, attractive and
maintenance free.

Electrical

Fiber glass fabrics offer outstanding performance
to the electrical industry. High strength, dimensional
stability, temperature resistance and excellent electrical
properties provide the basis for use as the prime
reinforcement in high pressure laminates for printed
circuit boards. Fiber glass fabrics coated with chemistry,
such as epoxy, silicone, rubber, Teflon® and neoprene, as
well as reinforcing mica products, provide the long-term
durability and reliability needed in insulating high-voltage
generators, transformers, switches and cables.



Coated and Laminated Fabrics

High strength, dimensional stability, fire resistance and
low cost are some of the advantages of using fiber
glass fabrics to reinforce foils, plastic film and coatings.
Protective covers, vapor barriers, window shades, movie
screens, packaging tapes, awnings, protective clothing,
gaskets, wall covering and conveyor belts are just some
of the products that are improved through the use of fiber
glass fabrics.

Thermal Insulation

Strength retention at high temperatures, corrosion and
fire resistance, and ease of handling make fiber glass
fabrics an important material for thermal insulation. Both
the U.S. Navy and commercial shipyards use fiber glass
fabrics almost exclusively as pipe lagging and for thermal
pad covers.

Construction

From pipe wrap to wallboard seaming tape, fiber glass
fabrics can be found throughout the construction industry.
Fiber glass scrim is used to reinforce paper and film for
insulation facings and to provide dimensional stability to
asphalt used on roofing, roadways and bridge decks.
Fabric structures, such as tennis courts, sports centers
and football stadiums, use coated fiber glass fabrics as
an economical way to encapsulate space.




FIBER GLASS YARN
NOMENCLATURE

The wide variety of fiber glass yarns produced requires
a special system of nomenclature for identification. This
nomenclature consists of two parts—one alphabetical and
one numerical. In addition, although the final result is the
same, there are differences between the customary U.S.
Systems and the TEX/Metric System.

U.S. System
Example: ECG 150-1/2

A. First Letter - “E” characterizes the glass composition
(see Table ).

B. Second Letter - “C” indicates the yarn is composed of
continuous filaments. “S” indicates staple filament. “T”
indicates texturized continuous filaments.

C. Third Letter - Denotes the individual filament diameter:
BC, D, DE, E, G, H, K (see Table II).

D. First Number - Represents 1/100 the normal bare glass
yardage in one pound of the basic yarn strand. In the
above example, multiply 150 by 100 which results in
15,000 yards in one pound (see Table II).

E. Second Number - Represents the number of basic
strands in the yarn. The first digit represents the original
number of twisted strands. The second digit separated
by the diagonal represents the number of strands plied
(or twisted) together. To find the total number of strands
used in a yarn, multiply the first digit by the second digit
(a zero is always multiplied as 1).




TEX/Metric System
Example: EC9 33 1X2

A. First Letter - “E” characterizes the glass composition
(see Table ).

B. Second Letter - “C” indicates continuous filament. “T”
indicates textured continuous filament. “D” indicates
staple filament.

C. First Number - Denotes the individual filament diameter
(see Table Il) expressed in micrometers (microns).

D. Second Number - Represents the non-linear weight
of the bare glass strand expressed in TEX. TEX is
the mass in grams per 1,000 meters of yarn (see
Table II).

E. Third Number - Indicates yarn construction or the basic
number of strands in the yarn. The first digit represents
the original number of twisted strands and the second
digit after the “X” indicates the number of these strands
twisted or plied together.

TABLE |

Glass Composition-By Weight
Composition E Glass S-2 Glass®
Silicon Dioxide 52-56% 64-66
Calcium Oxide 16-25%
Aluminum Oxide 12-16% 24-26%
Boron Oxide 8-13%
Sodium & Potassium Oxide 0-1%
Magnesium Oxide 0-6% 9-11%

Fiber glass yarns are available in different formulations. “E” glass
(electrical) is the most common all-purpose glass, while “S-2" Glass®
(high strength) is used for special applications.




TABLE Il
Glass Composition-By Weight

Filament Diameter Strand Weight

Desil:].r?étion (m’\/ili:(r)ir?s) xf(l)%: DesjrgEr;(ated NUF(T)"beT
(inches) yd/lb Filaments
BC 0.00017 4 150 33 1064
D 0.00023 5 1800 2.75 51
900 55 102
450 11 204
225 22 408
DE 0.00025 6 300 16.5 204
150 33 408
100 50 612
75 66 816
50 99 1224
37 134 1632
E 0.00029 7 225 22 204
110 45 408
G 0.00036 9 150 28} 204
75 66 408
50 99 612
37 134 816
H 0.00043 10 25 198 816
K 0.00051 13 18 275 816




ARAMID FIBERS
NOMENCLATURE

Aramid Fibers are typically designated by denier, tex or
decitex (dtex). Each is described below.

Denier

The denier system is used internationally to measure
the size of silk and synthetic filaments and yarns. Denier
number indicates the weight in grams of 9,000 meters of
filament or filament yarn. For example, if 9,000 meters
of yarn weigh 100 grams, it is a 100-denier yarn. The
smaller the denier number, the finer the yarn.

Denier = dtex X 0.9

Tex

The tex system is also applicable to the measurement of
filament yarns. It is based on the weight in grams of one
kilometer 3,300 feet of yarn. Decitex (dtex), is defined as
ten times tex.

Tex = dtex/10 Dtex = Tex X 10 = denier/0.9

For example, 840 denier yarn may also be designated
as 933 dtex.



ARAMID FABRIC FINISHES

Hexcel Finish Performance Features

CS-800/F100 Scour finish for Aramid fabric.

Greige Loom state fabric. No additional fabric finish
processing.







ARAMID
FABRIC
CONSTRUCTION
DATA
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SPECIALTY
AND HYBRID
COMPOSITE

REINFORCEMENTS



SPECIALTY AND HYBRID
REINFORCEMENT MATERIALS

Multi-Axial Broadgoods

NCF-Non-Crivp FaBric: Multi-axial material constructed
in layers without crimp that are stitched together into a
single ply stack.

* Rolls up to 100 inches wide

* 2-4 Plys (angles 0° and between 45° and 90°)

= Ply aerial weight range depends on roving/tow size
« Stitch pattern variability

NC2-Apvancep Non-Crimp Fasric: Patented multi-axial
material with potential advantages and capabilities: use
large tow fibers, lower aerial weight plys (even with large
tow fibers), and binder application to individual plys.

= Rolls up to 100 inches wide

* 2-4 Plys (angles 0° and between 45° and 90°)
« Ply aerial weights down to 100 gsm

= Stitch pattern variability

Preforming Materials

DFP - Dry FiBer PLACEMENT: Hexcel’s unique technology
for creating complex, net-shaped preforms for demanding
liquid molding applications. The manufacturing
process is automated and produces very exact and
repeatable results.

= Allows optimized weight/performance design

« Virtually no limitation on fiber orientations

* Robust handling characteristics

= Ply drops can be incorporated

« Yarn to preform process minimizes
qualification steps

= Software provides definitive quality control



DRy Uni-DirecTioNaL MateriaL: Dry UD products are
suitable for many applications including preform
construction. Various processes are used to hold
the fibers in place depending on the applications
and requirements.

SpeciaLTY PReForMING  MaTERIALS:  Hexcel has
expertise and other capabilities for constructing and
optimizing preforms:

= Functionalized binders
* Pinning
= Stitching

In addition to the products above, Hexcel offers
de-sized carbon fabrics (FDS) and Lightning Strike carbon
fabrics (XLS). Carbon fibers are typically produced with
a sizing (binder) on them which aids in processing the
fibers later with less broken filaments. In some markets
and for some resin systems, it is preferred not to have
this chemistry on the carbon fiber surface. Hexcel has
a proprietary de-sizing process to remove this chemical
from the carbon fiber surface.

Hexcel also has available carbon fabrics with interwoven
wires for Lightning Strike applications where both
structural integrity and lightning protection are required in
a single ply. Standard plain weave designs are available
(IWWF) where the wire is woven inside the weave next to
an adjacent carbon tow, as well as the more elaborate
pattern designs like our patent pending “double weave,”
where the woven wire is 92 percent on the surface of the
carbon weave.
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SPECIFICATIONS

AMS 3824

This specification covers the basic forms of finished
glass fabrics used by themselves or as components of
other materials.

AMS 3902
This specification covers cloth woven from high-modulus,
continuous, multiflament aramid yarn.

AMS-C-9084

This specification replaces MIL-C-9084 and covers the
requirement for glass fabrics that have been woven,
cleaned and finished for further fabrication into glass
fabric base resin laminates and sandwich materials.

ASTM-D-579

Standard specifications for Greige Woven Glass Fabrics.
This specification includes the basic forms of greige
woven glass fabrics and their testing.

ASTM-D-1668

This specification covers open mesh woven glass fabrics
used for membrane waterproofing and built up roofing
(Type II).

ASTM-D-4029

Standard specifications for finished woven glass fabrics.

This specification includes finished fabrics woven from
glass fiber yarns intended as a reinforced material in

laminated plastics for structural use.




SPECIFICATIONS

MIL-C-20079

This specification covers glass and tape used as lagging
material over thermal insulation and as a facing material
for hull insulation board.

MIL-C-22787
Vinyl coated Glass fabrics. The base cloth is
glass fabric.

MIL-1-24244
This specification covers thermal insulation with special
corrosion and chloride requirements.

MIL-P-25515
Phenolic Laminates. Glass fabrics used as supports for
phenolic resin laminates.

MIL-Y-1140

This specification covers the basic forms of untreated
glass yarns and fabrics used by themselves or as
components of other materials. The materials are
generally used as electrical insulation, mechanical
support or as structural members.

MIL-R-7575

Resin, Polyester, Low Pressure Laminates, Fiber Glass
Base. Glass fabrics used as supports for polyester
resin laminates.

MIL-R-9300

Resin, Epoxy, Low Pressure Laminates, Fiber Glass
Base. Glass fabrics used as supports for polyester
resin laminates.



SPECIFICATIONS

MIL-C-44050A
This specification covers cloth woven from high-modules,
continuous, multifilament yarn.

U.S.C.G. Subpart 164-009

Non-combustible material for merchant vessels. Woven
glass cloth containing not more than 2.5 percent lubricant
is automatically considered non-combustible.

BMS 9-3

This specification covers the Boeing Commercial
Airplane Company’s requirements for woven, cleaned,
and finished E-Glass fiber glass fabrics. End fabric uses
are high performance structural prepreg for aircraft
structure and wet lamination of tooling and structural
composite repair.

BMS 9-8

This specification establishes requirement for
woven and non-woven carbon reinforcements in a
Boeing application.

BMS 9-17

This specification establishes requirements for
intermediate modulus carbon fibers and fabric in a
Boeing application.




SELECTED CONVERSIONS
AND FORMULAS

Areal Weight
oz/yd2 x 33.9057 = g/m2
g/m2 x 0.0295 = oz/yd’

Mass

oz: ounce, |Ib: pound
10z=28.35g+1g=0.0350z
11b=0.454kg*1kg=2.205Ib

Force

N: Newton, daN: decaNewton

1 N =0.102 kgf ~ 0.1 kgf » 1 daN = kgf = 1kgf
1 kgf =9.81 N~ 10 Nor 1daN

1 Ibf = 4.4482 N = 0.4536 kgf

Strength

Pa: Pascal, MPa: megaPascal

1 MPa = 1 N/mm?

1 MPa = 10bars = 0.1 hbar =~ 10 kgf/cm? or 0.1 kgf/mm?
1 bar = 0.1 MPa =105 Pa = 1daN/cm = 1 kgf/cm?

1 hbar = 10 MPa = 107 Pa = 1kgf/mm?

100 psi (Ibf/in?) = 0.69 MPa = 1 MPa = 145 psi

1 psi (Ibf/in?) = 6894.76 Pa =~ 0.0703kgf/cm?

Length

yd: yard, ft: foot, in: inch

UK mile: 1 mile = 1.609 km « 1 km = 0.62 mile
Nautical Mile: 1 mile =1.852 km
1yd=0.91me1m=1.09yd
1ft(1/3yd)=0.3048me1m=3.281ft
1in(1/12ft)=2.54cme1cm=0.39in



CONVERSIONS

Surface
1sgin=6.45cm?-1cm?=0.15sqin
1sgyd=0.83m?:-1m?=1.19 sq yd
1sqgft=0.093m?-1m2?=10.76 sq ft

1 sg mile = 2.59 km? - 1 km? = 0.30 sg mile
1 acre =0.40 ha - 1 ha=2.47 acre

Volume
lcuin=16.39cm®-1cmé=0.06 cuin
lcuyd=0.76 m-1m®=131cuyd
1cuft=28.31dm? - 1dm®=0.035cu ft

Density
1 Ib/in® = 27.68 g/cm?® - 1 g/cm? = 0.036 Ib/in®
1 Ib/ft® = 0.016 g/cm® - 1 g/cm?® = 62 Ib/ft

Capacity
(US) Gallon: 1 gal =3.781 - 11=10.26 gal
(UK) Gallon: 1 gal =4.541 - 11=0.21 gal

Consumption
(US) 0 miles/gal = 23.50/100 km - 10 1/100 km = 23.8 miles/gal
(UK) 10 miles/gal = 28.21/100 km - 10 /200 km = 29.5 miles/gal

Velocity
1 km/h =0.2778 m/s - Imph = 1.609 km/h = 0.4470 m/s

Yarn Conversions

Tex = 496,055/(yd/Ib)

Dtex = Tex X 10 = Denier/.9
Denier = dtex X .9 = 9 tex
Denier = g/9000m

Tex = dtex/10 = g/1000m




CONVERSIONS

Energy and Power
J: Joule, cal: calorie, th: thermal unit, W: watt

Density

1WwW=1J/s

1 Wh =3600J=0.860kcal - 1 kcal =4 185.5J =1,1626 Wh
1kJ =0.2389 kcal - 1 cal =4.185 J = 0.2389 cal

1 th = 1,000 kcan

tep: ton (metric) equivalent fuel oil
tec: tonne (metric) equivalent coal

1 tep = 10,000 th = 11,626 kWh = 11.6 MWh = 1.5 tec 1 100
Nm? natural gas

Specific Heat
kj/kgK: kilojoule per kilogram Kelvin

Thermal Conductivity
1 W/mK or W/me°C = 0.860 kcal/mh°C

Coefficient of Thermal Loss:
1 W/m3K or W/n®C = 0.8m60 kcal/m*h°C

Temperature
K: Kelvin, °C: degree Celsius, ‘F: degree Fahrenheit

TK="C +273.18
‘F=9/5C +32
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