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Vectran® is a high-performance multifilament yarn spun
from liquid crystal polymer (LCP). Vectran® is the only
commercially available melt spun LCP fiber in the world.
Vectran® fiber exhibits exceptional strength and rigidity.
Pound for pound Vectran® fiber is five times stronger than

steel and ten times stronger than aluminum. These unique
properties characterize Vectran®:

High strength and modulus

Excellent creep resistance

High abrasion resistance

Excellent flex/fold characteristics

Minimal moisture absorption

Excellent chemical resistance

Low coefficient of thermal expansion (CTE)
High dielectric strength
Outstanding cut resistance

Excellent property retention at high/low temperatures
e Qutstanding vibration damping characteristics
e High impact resistance
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Vectran® Fiher
Ropes And Cables

Vectran® HT is solving performance problems in critical marine, military, and industrial rope and cable
applications. High strength with excellent creep resistance allows manufacture of high performance ropes that
are stable to extended loads. Superior abrasion resistance, excellent moisture resistance, and exceptional
property retention over broad ranges of temperature and chemical environments, provide solutions to
industrial wear and degradation problems experienced with existing fiber products. Vectran® HT is an
outstanding candidate for replacement of steel and stainless steel constructions.

Vectran® UM is a high-modulus, low elongation alternative for applications requiring high stiffness, such as
reinforcement of composites or electromechanical cables.

Recreation & Leisure

Al oy

OTNET

Photo Courtesy of Cargoli_fter AG.

Where Existing Materials Fail to Perform

A unique combination of properties differentiates Vectran® fiber from other high-performance fibers and makes
it the material of choice in demanding applications where other fibers fail to meet performance requirements.
Vectran’s remarkable mechanical performance combined with the other unique properties permit it to be used
for a variety of purposes. Vectran® fibers are used in aerospace, ocean exploration and development, electronic
support structures, the recreation and leisure industry, safety materials, industrial applications, ropes and
cables, composites, protective apparel and high-pressure inflatables.




06048 Engineering broc:r3 6/12/08 1:32 PM Page 7 $

Endineerine

oampaosite Options

The Vectran® fiber family is available in a range of deniers for textile

I '|' ! " and composite processing and offers new options in design and material
PR selection. Vectran® HT fiber offers benefits for applications requiring high
e " R | strength, vibration damping, low moisture absorption, and low CTE. Vectran® NT
| | | fiber is a high modulus thermoplastic matrix fiber for applications requiring high

impermeability, excellent property retention over a broad temperature range, and
low moisture absorption. Vectran® UM offers the highest modulus without
sacrificing tensile strength.

ndustrial Applications

Vectran® Fiber brings unique solutions to industrial applications. Stability to
most chemicals allows the manufacture of chemically resistant packings and
gaskets. Users of protective apparel such as gloves and workwear benefit from
excellent cut and stab resistance, elevated temperature resistance, outstanding
flex/fold resistance, and durability to multiple wash/dry cycles even in the
presence of bleach.

For example, the meat processing industry suffers from some of the highest
incidents of hand cuts and abdominal stabs. Worker safety is improved when
garments provide increased cut resistance or stab resistance. Because of the high
cost of safety apparel and the high costs of injuries, meat processing companies

are sensitive to cost/performance of safety workwear. Aramid fibers have poor 0 e c u a r r u c u r e
resistance to bleach and HMPE fibers are sensitive to high temperatures
associated with drying. Therefore, the cost/performance of safetywear improves
when garments can resist exposure to bleach and are durable enough to resist

multiple wash/dry cycles without loss of strength or shape due to shrinkage.
Vectran® fiber workwear is meeting the cost/performance needs of this industry.

The molecular structure of LCP, a wholly aromatic polyester, is Figure 2: LCP Molecular Structure
shown in Figure 2.

0
With conventional polyesters, the molecular chains are random 3 0
and flexible. Fibers spun from such materials must be further 0@ c
oriented, generally through a combination of extrusion speed and o 3 .
post-spin drawing, to obtain higher tensile properties. Vectran’s

highly oriented structure is locked in directly during the melt-

spinning process, thanks to the molecular structure and liquid
crystalline nature of the starting polymer.

Specialized EI '

p e c I a I Z e e Ct r 0 n I c U S e S Vectran® is different from other high-performance fibers such as
aramid and ultra-high molecular weight polyethylene (HMPE).
Vectran® fiber is thermotropic, it is melt-spun, and it melts at a

Specialized Electronic Uses Require a Unique Fiber high temperature. Aramid fiber is lyotropic, it is solvent-spun, and

Vectran® HT fiber is an excellent candidate for printed circuit boards, fiber optic it does not melt at high temperature. HMPE fiber is gel-spun, and

strength members, and conductor reinforcements. High dielectric strength coupled it melts at a low temperature.

with elevated temperature resistance and outstanding moisture resistance provide

new levels of electrical efficiency in prevention of current leakage. This

combination along with excellent dimensional stability and low CTE provide a

unique fiber for specialized electronic uses.
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Thermal Properties

Vectran® HT shows robust performance in a broad spectrum of responses to thermal loading. These responses are
summarized below and in Table 3:

e Good LOI (equivalent to aramids) and low smoke generation

¢ Low thermal shrinkage (hot air, boiling water and laundry)

* No dripping in vertical flammability tests

* Good strength retention after hot air and radiant energy exposures

e Low, negative coefficient of thermal expansion

e Excellent property retention in a broad temperature range

* No measurable volatile condensable mass (VCM) and 0.3% maximum weight loss (TML or TWL) in testing
for aerospace applications (see also “‘0ffgassing/Outgassing’’)

Material Density Tensile Specific Tensile Specific
(g/cm3) Strength Strength Modulus Modulus
(GPa) (km™*) (GPa) (km**)

Table 3: Fiber Thermal Properties

Vectran® Aramid
Standard High Modulus

LOI 28 30 30 30
M.P, °C None 350 None None
HAS (Hot air shrink, 180°C, 30 minutes), % <0.2 <0.1 <0.2 <0.1
BWS (Boiling water shrinkage, 100°C. 30 minutes), % <0.2 <0.1 <0.2 <0.1
50% Strength Retention Temperature’, °C 145 150 400 230
TGA (20% weight loss), °C >450 >450 >450 >450
1 Estimated from Figure 3
(KAI data)

Table 4: Equilibrium Moisture Regain

Relative Vectran® Aramid(PPT)
Temperature Humidity HT UM Standard High
(degree °C) (%) Modulus
20 65 <0.1 <0.1 4.2 4.1
HT Um 20 80 <0.1 <0.1 4.8 4.8
g/denier g/denier 20 90 <0.1 <0.1 5.4 5.5

(KRC)

Mechanical property retention during or after thermal exposure is a key concern in many applications. Most
commonly, high temperatures are encountered during a downstream processing step, such as coating or
laminating. Care must be taken to minimize line tensions or other mechanical loads during the high
temperature step. Figure 3, which describes Vectran’s tensile strength at temperature, should be used as a
reference in selecting process conditions. For high temperature processing at low mechanical load, Figure 4
shows that Vectran® will have excellent strength after processing, in fact, superior to aramids.

= = = m Figure 3: Strength At High Temperatures: Figure 4: Strength After Thermal Exposure
F h Simultaneous Mechanical and Thermal Loading 24 Hour Exposure To Temperature, Followed by
I n I S I n g p I 0 n S Testing at Ambient Temperature
. . . . - . £ 100 Vectran®HT
Vectran® fiber is available with three sizing options. S AT
T-97 A silicone oil finish applied at a level of ~5.0% Oil-on-Yarn to optimize fiber- - 80 High Modulus < o sw:;:g"“{
to-fiber abrasion resistance. Used for dynamic applications primarily in e\é Aramid P
cordage and cable industry. % 60 % 80 L
g Vectran®UM %
T-117 An ester-based finish applied at a level of ~1.5% Oil-on-Yarn for improved 2 . =
fiber-to-fiber abrasion resistance without the use of silicone. 'f_s‘f 40 VectranHT & 70 o
T-150 A weaving finish applied at a level of ~0.5% Oil-on-Yarn to assist processing 20 60 L
(e.g.: rewinding, twisting, braiding, weaving), which can be easily scoured off.
0 50 1 1 1 1 1
0 50 100 150 200 0 50 100 150 200 250 300
Temperature (°C) Temperature (°C)
6 (KRC) (KA
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For end uses that call for longterm or cyclic thermal exposure, Vectran® can also offer increased product Vectran® fiber's performance at low temperature was evaluated by ILC Dover during the design of the airbag
lifetimes. Figure 5 illustrates that Vectran® has little to no strength loss in cyclic exposures to 120°C. Vectran’s system for the 1997 Mars Pathfinder mission. ILC reported that Vectran® actually increased in strength in tests
resistance to cyclic thermal loads is confirmed at higher temperatures in Figure 6, which also illustrates at -62°C, leading to its selection for the airbag fabric and external assembly tendons (Development and
Vectran’s superiority to aramids in this respect. Note that the aramid in Figure 6 suffered 30% strength loss Evaluation of the Mars Pathfinder Inflatable Airbag System, D. Cadogen et al, ILC Dover, Inc., 49th

in roughly a dozen 8-hr cycles, or 4 days of exposure (in total). Similar trends are observed when Vectran® is International Astronautical Congress, 1998.) This distinguishing characteristic of Vectran® is shown in Figure 9.

held at 250°C continuously (Figure 7) and after 120°C steam exposure (Figure 8).
Figure 9: Low Temperature Properties of Vectran® Fiber

Figure 5: Vectran® HT Tenacity vs Figure 6: Vectran® HT 1500/300 Filament Yarn Tenacity — A |
Cycles At Temperature Cycles at 195°C 15 & Vectran®UN
120 Vectran®HT
104 | 10
L S 5
. 102 i . 100 Z]_E—B\E'\E/B\E—Hr—"ﬂ %’» N
Y0P 0 o ogp%o o g oo g N S ¢
S el _ m "ot o 2 =
5 - 5] g 5 Standard|Aramid
§ 9% |- 3 ""A----.....A 10 /
r e
ki o | 2 o0 AN A A High Modulus
r AN A -15 / Aramid
92 |-
L -20
9 . . . . . . 40 -80 -60 -40 -20 0 20 40
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 Temperature(°C)
Number of Cycles Number of Cycles (KRC)
Each Cycle = 8 hours @ 120C followed Vectran®HS 1500 den. Aramid 1600 den.
by testing at ambient temperature e — D YA\ oo
(KATI) Each Cycle = 8 hours @ 195C; testing at ambient temperature
(KAT)
Vectran® has a low, negative coefficient of thermal expansion (Table 5). This is particularly beneficial for
dimensional control of composites. Thermal conductivity properties are given in Table 6.
Figure 7: Tenacity After Thermal Exposure (250°C) Figure 8: Tenacity After Steam Exposure (120°C) .
g y P g y P Table 5: Vectran® HT CTE at Various Temperatures
35 35 Fiber Longitudinal Direction
CTE (m/m-°C X 10)
20 U 30 Temperature Range Vectran® HT Standard Aramid
‘ectran®
25 -- -150 to 100°C -4.8 -4.9
= 25 Vectran®HT o
z 4 Vectran®UM _ ) —e—1 | 100 to 200°C -11.6 -5.8
§ 20 2 %l\:l\ [ $standard (KRC)
= g A \iv tran*UM
> . 2 X ectran® _
v %%‘ z 15 TR Table 6: Thermal Conductivity of Vectran® HT
10 High Modulus § Aramid Direction Temperature Density Specific Heat Thermal Conductivity
Aramid = 10 °C glcm? N W/m-°K 10-cal/cm-sec-°C
5 5 Vectran® HT Longitudinal 23 1.4 1100 1.5 3.5
@ 100 1.4 1420 2.0 4.7
0 i ongitudinal 2 1.44 1230 2. .
0 100 200 300 400 0 20 20 - 20 100 120 Standard Aramid Longitudi 3 B 5 5.9
Time (hours) . (KRC)
(KRC) Time (hours)
(KRC)
8 9
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Vectran® Fiber with: TML % CVCM % WVR %

Chemical Resistance

Vectran® fiber has good strength retention in chemical exposures covering a wide range of aggressive chemicals,
concentrations, exposure times, and temperatures. The fiber is resistant to organic solvents, some acids of >90%
concentration, and bases of <30% concentration. Specific exposure results are provided in Table 8.

Chemical resistance is an important consideration in protective apparel use, garment care, and upkeep. Bleach resistance,
strength retention, and dimensional stability (i.e., shrinkage) determine the launderability of protective garments, which, of
course, affects the cost and performance of safety wear. For example, HMPE fibers are sensitive to high temperatures
associated with drying, while Vectran® offers minimal shrinkage in hot water or air (Table 3). Figure 10 demonstrates
Vectran’s superior bleach resistance compared to aramid fiber. Vectran® fiber’s dimensional and chemical stability simplify
garment care and further allow the use of chlorine as a cleaning agent in various applications.

Figure 10: Tenacity Retention Vectran® HT vs Aramid

120
L Do
100 (g =B = — &
2 B
T 80 4
5 -
€ 60
40 — 0
o
20 G ~~~~~~~~~
- x Tl
o L 1 -0 1 1
0 5 10 15 20 25
Exposure (hours)
2.63% Bleach 5.25% Bleach 2.63% Bleach 5.25% Bleach
Vectran® Vectran® Aramid Aramid
—E— --A- - ==@r== EERD R
(KRC)

Table 8: Chemical Resistance Of Vectran® Fiber

Concentration Temperature Time Fiber Strength Retention (
Reagent Formula (Hours)
Acids
Hydrochloric Acid HCI 1 50 100 100 96 93
1 50 1,000 93 - 34
1 50 10,000 84 - 16
10 70 1 96 - 73
10 70 10 93 - 26
Sulfuric Acid H2S04 1 50 100 929 99 98
1 50 1,000 93 - 88
1 50 10,000 85 - 28
10 20 100 100 - 94
10 20 1,000 95 - 90
10 20 10,000 90 - 69
10 50 100 98 = 86
10 50 1,000 98 - 65
10 50 10,000 82 - 12
10 70 10 94 - 79
10 70 100 93 - 19
10 100 10 96 = 40
Nitric Acid NHO3 1 50 100 929 100 83
1 50 1,000 97 - 29
1 50 10,000 86 - 14
10 70 1 95 - 60
10 70 10 95 - 23
10 70 100 92 - 5
Phosphoric Acid 10 70 100 93 - 46
10 100 100 91 - 20
Formic Acid 90 20 100 96 - 93
90 70 100 93 - 42
Acetic Acid 40 70 100 94 - 37
40 100 100 90 - 22
Bases
Sodium Hydroxide NaOH 10 20 100 97 - 68
(Caustic Soda) 10 70 20 66 - 21
10 70 40 37 - 19
10 70 60 32 - 17
10 100 10 28 - 17
Calcium Hydroxide Ca(0H)2 saturated 50 100 96 86 93
saturated 50 1,000 85 - 60
saturated 50 10,000 9 - 20
Cement Extract - 20 10 29 - 98
- 20 100 100 - 94
- 20 1,000 95 - 90
- 20 10,000 90 - 69
- 50 1 100 - 98
- 50 10 929 - 94
- 50 100 97 - 90
- 50 1,000 79 - 59
- 50 10,000 6 - 20
Organic Solvents
Acetone Ch3CoCH3 100 20 100 100 100 99
100 20 1,000 100 - 98
100 20 10,000 929 - 929
Benzene CoHe 100 20 100 97 - 96
100 70 100 95 - 93
Carbon Tetrachloride 100 20 100 96 - 95
Ether 100 20 100 98 - 95
Ethyl Acetate 100 20 100 98 = 96
Toluene C6HKCH3 100 20 100 100 100 96
100 20 1,000 929 - 98
100 20 10,000 98 - 929
Methanol CH3Ch20H 100 20 100 96 - 94
Perchloroethylene 100 20 100 95 - 96
Formaldehyde 37 20 100 96 - 98
Ethylene Glycol HOCH2CH20H 50 100 10 92 - 90
50 100 100 79 - 74
Ammonia Solution NH3 10 70 24 35 - 95
Salts
Sodium Carbonate Na2C03 1 50 100 96 100 100
1 50 1,000 95 100 96
1 50 10,000 80 100 67
Sodium Chloride NaCI 1 50 100 100 29 100
1 50 1,000 97 929 98
1 50 10,000 95 929 97
Copper Sulfate CuS0g 1 50 100 101 100 100
1 50 1,000 95 100 98
1 50 10,000 90 100 68
Zinc Chloride ZnCI2 1 50 100 98 99 99
1 50 1,000 98 929 98
1 50 10,000 95 929 97
Qils
Mineral Qil 100 20 100 100 100 100
100 20 10,000 100 - 100
(KRC)

11
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Yarn-on-Yarn Ahrasion Resistance

One measure of fatigue resistance used in the rope and cordage industry is the yarn-on-yarn abrasion test
(e.g. Cordage Institute Test Method CI-1503). This test simulates abrasion of adjacent yarns inside a rope
or rope splice during flexure. The typical test configuration is shown in Figure 13.

Figure 13: Yarn-On-Yarn Abrasion Test Set-Up

Yarn Attachment

Shut-0ff For Bearing
i 60 RPM
Counter Device % SORP
N

3n

A
............................................................................................................................................................................................ ©
........................................................................................................................................................................................... We|ght x
Motor And
.................................................................................................................. Gear Box
1" Diameter Pulleys
10"
Z 1 Complete Twist

Stress Relaxation

A manufacturer of high performance ropes measured stress relaxation on Vectran®, aramid, and HMPE. In
this test, ropes are tensioned to a known load using a turnbuckle configuration (i.e., a fixed strain). As
relaxation occurs, the load decreases until the sample is retensioned using the turnbuckle. Test results are
shown in Figure 12.
Using this test, samples of Vectran® HT 1500/300 fiber with various finishes were evaluated versus a wide

Figure 12: Stress Relaxation (1/2” dia wirelay rope) range of aramid yarns and HWVIPE. Results are shown in Table 9. Vectran® clearly outperforms aramids and is
7,000 ¢ equivalent to or superior to HMPEs in dry testing. The performance of Vectran® and HMPE were improved by
E wet conditions; in contrast, aramid abrasion resistance was lower when tested in water.
6000 & Vectran“HT Table 9: Comparative Testing of Yarn-on-Yarn Abrasion Resistance
Average Cycles-to-Failure
4 5000 : Yarn Dry Wet
= .Y Vectran® T97, 1500D 16672 21924
g : Aramid 1,1500D 1178 705
4,000 | Aramid 2, 1500D 1773 759
3 Aramid 3, 1500D 974 486
E PB0O, 1500D 2153 -
3,000 £ HMPE, 1600D 8518 23619
: Test Method CI-1503: 1.5 wraps, 5009 load, 66 cycles/min, no twist

(KAI)

2,000 £

1 10 100 1,000

Log Time, Hours

(KAD)
13

12
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Cycles-to-failure*
Dry Test Wet Test Dry Test Wet Test

External Abrasion Resistance

Abrasion test comparisons of Vectran® and aramid braids were conducted by a high-performance rope and
cable company using the test shown schematically in Figure 14. Without marine finish on the braid, Vectran®
outperformed aramid (Table 11). With marine finish applied to both Vectran® and aramid braids, Vectran® again
showed superior abrasion resistance.

Figure 14: Rope Abrasion Test Set-up

1/2" Diameter Steel

>
10\ >

<

< >

11/2 Cycles/Minute
Stroke 10 Inches
Test Load = 600 Pounds

Note: Samson Ocean Systems

Abrasion Test Material Cycles-to-failure Material Cycles-to-failure

Table 11: Braid Abrasion of Vectran® HT*
Cycles-to-Failure
Vectran® HT Aramid
600 Ibf Load
Without marine finish 286 83
With marine finish applied 1250 93

*Eight-strand plain braid, 64X1500 denier threadlines, All tests dry
(KAT)
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Bend Tolerance

Tolerance to bending around small radii is important in ropes and cables, as it allows the use of smaller
running gears or termination hardware. Aerospace and rope manufacturers conducted pin diameter tests on
Vectran® braid and wire rope, respectively. The test configurations are shown in Figure 17.

Figure 17: Cord Test Sample Dimensions
Test Pin

Test Sample\
Base Material Tenacity Loss at Failure Location T T

100 Cycles, %

Eye

Splice Zone Taner Zon
pe € 0.06" Nom. Diameter

/// / (A | (===
) ¢ z )|

|
Not To Scale _,‘ | — g ——

30“
A. Braid
ﬂ\Test Sample
I = ®)
N .
Mounting Test Pin
Hook -
B. Wire Rope

(KAD)

For the braid tests, each sample was 30 inches long and eye spliced on both ends with a long taper to
minimize stress concentration where the splice begins. Each sample was tensioned three times to half its
breaking strength to remove construction slippage before being tensioned to break. Pin diameters ranged from
0.110 inches to 0.31 inches. D/d (pin diameter/rope diameter) ranged from 1.5 down to 0.7. For the larger
wire rope tested, each sample was cycled five times 0-5,000 Ibs., five times 0-10,000 Ibs. and tensioned to
break. The rope diameter was 0.5 inches; D/d ranged from 7.56 down to 2.28.

17
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The break strength of Vectran® braids did not decrease with decreasing D/d, as shown in Figure 18.
Furthermore, breaks occurred in the middle of the sample and not at the pins. For the 0.5 inch diameter wire
rope construction, Vectran® had a higher break strength than aramid over the range of pin diameters tested
(Figure 19). While no change in Vectran® braid break strength was observed with decreasing pin diameter, a
decrease was observed for the Vectran® wire rope construction.

Figure 18: Breaking Strength vs Pin/Cord Figure 19: Break Strength vs D/d
Dia.Ratio 8x1500/1 Construction Wire Rope Construction
600 100
£, 500 I
$5 90 |
‘;g 400 - -
c L B . i B [ ] s -
23 50| ® - g‘: 80 I Vectran®........
»
1 1 1 ! = 70
2005 0.8 1 12 14 16 & | Aramid
Pin/Cord Diameter Ratio g |
48ppi 58ppi 77ppi 98ppi 12,5 ppi &
—8— A —O— -k~ - - 3 r
Large circles - at least one failure over pin: ° 50 —
Remainder of Failures occurred at mid-open. N
(KAT) 40 ! ! ! ! .
0 20 5 75 10 120 15
D/d
(KA

Impact Resistance

In composite applications, Vectran® offers a unique balance of properties rarely found in synthetic fibers: minimal
moisture regain, thermal stability, and excellent impact resistance. Dynatup impact tests were conducted on
1500 denier Vectran® HT and aramid fabric samples. Both samples contained 13 X 13 plain weave constructions
within Dow Derakane 411 resin (Vectran® sample thickness: 0.0474 in.-0.0488 in., aramid sample thickness
0.040 in.). A 12.09 lb. load cell attached to a 5/8 in. tup dropped 36 inches through a metal tube before impact
(Figure 20). Table 15 compares the impact energy required for sample penetration.

Speed of Elastic Modulus Internal
Material Sound Density Modulus Rigidity Loss
Figure 20: Dynatup Impact Test Table 15: m/s g/cm3 GPa E/p3 Tand
Impact Resistance Comparison of High-performance Fabrics
l/:l‘ T—\‘ Impact Energy Vectran® Aramid
(inch Ibs.)
Y T 25 No No
— — 30 No No
TUP X
50 No Penetration
BSLTch;( S;’ECIMEN 75 No Penetration
STACK 100 No Penetration
— SPECIMEN L 125 Penetration Penetration
SUPPORT (KAD)
FIXTURE

18
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Twist

Twisting is the process of combining filaments into yarn by twisting them together or combining two or
more parallel singles yarns (spun or filament) into plied yarns or cords. Twisting improves uniformity
and smoothness, and can be used to optimize strength and elongation. Note that overtwisting can
significantly lower tensile properties.

Many high performance yarns benefit from the improved load sharing that twisting allows. Optimum
twist level varies with the material, fiber size, yarn size, end use, etc. Table 19 illustrates Vectran’s
tenacity response to varying twist level, suggesting tenacity optimums of 2.5 TPI for 400 denier and 1.5
TPI for 1500 denier yarns. Similar tests determine ideal cord and cable pick levels (Figures 25, 26).

s Table 19: Vectran® HT Tenacity vs. Twists per Inch (TPI)
TPI 400 denier tenacity gpd 1500 denier tenacity gpd

ﬂf 0 25.6 25.6
© 0.5 26.5 26.7
& 1.0 27.8 27.6
1.5 27.8 28.6

2.0 28.6 27.9

2.5 28.8 27.6

3.0 28.1 25.8

NOT DRAWN T0 SCALE 3.5 28.3 24.0

4.0 28.3 21.8

4.5 27.8 N/A

5.0 27.8 N/A

(KAT)

Figure 25: Breaking Strength vs Picks/Inch

Material Denier Relative Load Ratio 8x1500/1 Construction
600
2 . 500 |
E
%l—; 400 |
ge
2% 300 |
200 1 1 1 1
4 6 8 10 12

Picks/Inch
(KAD)

Figure 26: 1500/300 Vectran® HT
Single End S-Twist and 3-Ply Z-Twist

Material Relative Load

30

28
26 -
24 -
22

20

Breaking Load, Grams/Denier

18

16 -

Turns Per Inch
Single End S-Twist 3-Ply Z-Twist
A

(KAT)
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Radiation Exposure

LCP’s are transparent to microwave energy and are virtually unaffected by high levels of radiation. Vectran®
fiber is likewise stable in high X-ray exposure environments (Table 20).

Table 20: Vectran® Radiation Exposure

Before Exposure

Twist (t/m) Denier (dtex) Tenacity (g/d) Elongation (%)
Vectran® HT 80 1,696 28.9 3.8
Vectran® UM 30 1,589 23.9 2.6
Standard Aramid 30 1,748 22.7 4.5

After Exposure X-ray Strength

Twist (t/m) Denier (dtex) Tenacity (g/d) Elongation (%)  Resistance (%)
Vectran® HT 80 1,691 28.4 4.3 98
Vectran® UM 80 1,599 26.3 3.1 110
Standard Aramid 80 1,705 24.4 4.3 108

Source: Soft X-ray

Amount of radiation exposure: 9.6xE+06 (mR/h at 1m)

This energy is equivalent to the 1800 times levels used in medical soft X-ray photography
(KRC)

23
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Applications

Ropes and Cables

Industrial/Military/Aerospace

Sporting Goods

Sonobuoy Cables
Seismic/Magnetometer Tow Cables
Sidescan Sonar Cables

Towed ASW Sensor Systems
Thermistor Cables and Strings
Aircraft Geophysical Tow Cables
Drill Hole Logging Cables
Pumped Water Sampler Cables
Environmental Ocean Sensors
Aerial Camera Tethers

Fishing System Sensors

N Divers Comm/Strength Members
Air Tow Cables (Countermeasures)
Array Cables

Subsea Mooring Lines

Balloon Tethers

Parachute Cords
Taglines-River/Canyon
Helicopter Sling Legs

Aircraft Target Tow Cables
Astronaut Safety Tethers

Center Core Strength Members
Pull Through Cables

Ship Handling Cables
Helicopter Rescue Hoist Cables
Choker/Snatch Cables

Fish Net Trawl Ropes

Stainless Wire Replacement
Optical Fiber Tension Members
Deep Sea Winch Systems
Aircraft Cable

Deck Pendants

Robotic Cables

Automotive Cables

24

Heat Resistant Belting

High Pressure Inflatables
Tape Reinforcement
Abrasion Resistant Baggage
Chemically Resistant Packings
Chemically Resistant Gaskets
Cut Resistant Gloves
Fragmentation Fabric

Prison Industry Garments
Oil Well Tension Members
Chain Saw Chaps

Cut Resistant Clothing
Concrete Reinforcement
Pressure Vessels

Electronic Reinforcement
Sewing Thread

Radome Composites
Aerostats

Dirigibles

Airbeams

Pneumatic Muscles
Cryogenic Applications
Specialized Value Composites
Nonwovens

Adhesive Reinforcement
Speaker Cones

Voice Coil Wraps

Geotextiles

Filtration Applications

Sailcloth

Mountaineering Ropes
Skis and Snowboards
Fishing Pole Reinforcement
Bow Strings

Bicycle Components
Reinforced Hulls

Golf Clubs

Tennis Racquets and Strings
Mainstays

Backstays

Running Rigging

Standing Rigging

Fishing Line

Hockey Sticks
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