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Figure 1.  Stress-Strain Diagrams for Kevlar 29 Yarn Tensile Tested at a 
Strain Rate of 0.167%/sec (10%/min) at Various Temperatures 
(based upon at-temperature yarn dimensions) 
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Figure 2.   Stress-Strain Diagrams for Kevlar 49 Yarn Tensile Tested at 
a Strain Rate of 0.167%/sec (lü%/min) at Various Temperatures 
(based upon at-temperature yarn dimensions) 
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Figure 4.  Stress-Strain Diagrams for PBI Yarn Tensile Tested at a Strain 
Rate of 0.167%/sec (10%/nrin) at Various Temperatures 
(based upon at-temperature yarn dimensions) 
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Figure 5.  Stress-Strain Daigrams for Kevlar 29 Yarn Tensile Tested at a 
Strain Rate of 8000%/sec at Various Temperatures 
(based upon at-temperature yarn dimensions) 
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Figure 6.  Stress-Strain Diagrartis for Kevlar 49 Yarn Tensile Tested 
at a Strain Rate of 8000%/sec at Various Temperatures 
(based upon at-temperature yarn dimensions) 
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Figure 7.   Stress-Strain Diagrams for PRD-49 IV Yarn Tensile Tested 
at a Strain Rate of 8000%/sec at Various Temperatures 
(based upon at-temperature yarn dimensions) 
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4.    Kevlar  Fiber Properties 

Measurements of the tensile and other properties of Kevlar fibers were 
made in order to provide a reference with which to compare yarn properties. 
The results are given in Table II. 

Table II:   Kevlar Fiber Properties 

Kevlar  29 Kevlar 49 

Specific gravity 1.44 

1.5 denier fiber diameter ([im)     12 

Moisture regain  (%) 
at 7ü0F, 65%RH 

Rupture tenacity 
gpd 
xltr psi 

Rupture elongation  (%) 

3.9 

26 
475 

3.9 

1.44 

12 

4.6 

24 
440 

2.3 

Initial modulus 
gpd 
xlO6 psi 

550 
10 

Maximum modulus 
gpd 
xlOb psi 

750 
14 

Bending modulus 
gpd 
xlOb psi 

410 
7.7 

Calculated axial compression 
moauius 

gpd 
xlOb psi 

320 
5.9 

Dynamic modulus 
gpd 
xlO6 psi 

740 
14 

Twisted Kevlar Yarns 

990 
18 

1090 
20 

820 
15.3 

600 
11 

1050 
20 

The effect of increasing levels of twist on the stress-strain characteristics 
of the Kevlar 29 and Kevlar 49 yarns are shown in Figures 13 and 14.   It is common 
to find a slight increase in tenacity when a small amount of twist is added.   The 
increase in the case of the Kevlars is unusually large.   Similarly, the drop-off in 

17 

yasii»*!^.^.^...,....^..-^..^.^.^^^ ...^■■.■■^..^...,.^t.^ 



WB-WWUFP"-
1
»! iu.m*wwnmmmm>mmwmmmiimmmßwmmvwumv:imm >MBSllWWUW«»t"»W"WW«f<-'M» WWi 

:  .    ; :   : .   • •     :   : :     . ' ■ ' •      'i1 '    '    '      '    - 

■■■■•' 

1. 0 tpi 
2. 3   6 tpi 
3. 8.0 tpi 
'). Tl.O tpi 

elongation   (%) 

Figure 13.   Typical Stress-Strain Diagrams of Kevlar 29 Twisted Yarn 



"W*W«WWW^J1W«W^BISWTO  *  ■ 

-m&mm!» 

Elongation   (%) 
' 
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Figure 15.   Loop and Knot Strength of Twisted Kevlar 29 Yarn 
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Figure   16.  Loop and Knot Strength of Twisted Kevlar 49 Yarn 
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Table III:   Tensile Properties of IE )00 Denier Ke mr 2\) Yarn 
in Water at 70oF and 190oF 

Initial Change in Rupture Rupture Strength 

Modulus Modulus Elongation Tenacity Retention 

Test Conditions (ffpd) 

480 

(%) (%) (KPd) 

19.7 

(%) 

in air, 70oF 3.5 

481 3.5 18.7 

480 3.8 20.5 

490 4.0 20.7 
494 3.4 19.2 

Average 485 — 3.6 19.8 

in water, 70oF 499 3.6 20.3 
479 3.8 21.0 

485 3.5 19.3 
489 3.6 20.3 

490 3.4 19.4 

Average 488 0 3.6 20.1 100 

in air,  200oF 432 3.5 18.7 

433 3.3 17.8 

450 3.4 18.9 

432 3.4 18.1 
414 3.5 18.1 

Average 432 -11 3.4 18.3 92 

in water, ~190oF 382 3.5 17.8 

377 3.4 16.6 

355 3.6 17.8 

401 3.5 19.0 

377 3.0 14.0 

Average 378 -22 3.4 17.0 86 

11 
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Table IV:   Tensile Properties of 400 Denier Kevlar 49 Yarn 
in Water at 70oF and 190oF 

Initial Change in Rupture Rupture Strength 

Modulus Modulus Elongation Tenacity Retention 

Test Conditions 

in air,  70oF 

(gpd) 

911 
910 

(%) (%) (gpd) (%) 

2.1 
2.3 

19.2 
21.3 

899 2.3 20.8 

901 2.2 20.2 

901 2.2 20.2 

Average 904 — 2.2 20.3 

in water,  70oF 888 
898 

2.1 
2.1 

19.2 
19.9 

892 2.2 19.9 

878 2.1 18.7 

902 2.1 18.7 

Average 892 -  1 2.1 19.3 95 

in air,  200oF 840 
768 

2.0 
2.1 

17.5 
17.6 

848 1.9 16.8 

791 2.1 17.8 

Average 
808 
811 -10 

2.1 
2.0 

18.5 
17.6 87 

in water, ~190°F 738 
644 

1.9 
1.9 

15.2 
14.9 

i 
752 2.0 17.1 

748 1.8 15.1 
1 

Average 

726 
726 -20 

2.1 
1.9 

16.8 
15.8 78 
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Table V:    Tensile Properties of 400 Denier Kevlar 29 Yarn, 5 tpi, 
Obtained on Teflon-Taped Jaws at 70oF and 400oF 

Initial 

Temp Modulus 

(0F) Denier (gpd) 

70 418 701 
418 691 
418 685 
418 691 

Average 
417 
418 

654 
684 

400 

Average 

396* 575 
581 
660 
601 
572 
586 
616 
624 
583 
563 
596 

Rupture Rupture Strength 

Elongation Tenacity Retention 

(%) (gpd) 

26.1 

(%) 

3.3 
3.3 25.7 
3.3 26.3 

3.2 25.0 
3.4 26.1 

3.3 25.8 — 

2.7 20.0 
2.6 19.2 

2.2 16.6 
2.3 16.7 

2.6 17.9 
2.6 18.9 

2.3 16.7 
2.2 16.2 

2.7 19.1 
2.3 16.0 

2.5 17.7 69 

*70oF denier corrected for 5.2% weight loss at 400oF. 
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Figure 20.    Typical Load-Elongation Diagrams for 400 Denier 
Kevlar 29 Yarn, 5 tpi, Obtained on Teflon Taped Cap- 
stan Jaws - 70oF and 400oF 
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Table VI; Recovered Strain in Cycled 400 Denier Kevlar 29 Yarn, 
5 tpi, at 70oFand 400oF 

i 

Temp 
(0F) 

70 

Strain Level 
% of 

Rupture 
Strain 

400 

ill 
2.45 
2.64 
2.82 
3.00 
3.19 

1.46 
1.74 
1.91 
2.08 
2.18 
2.28 

Recovered Strain (% of applied strain)  
 5 10 20       100      500     2500    9000   Cycles 

74 
80 
85 
91 
97 

58 
70 
76 
83 
87 
91 

87 
87 
85 
85 
84 

80 
78 
77 
77 
77 
78 

82 
81 
81 
80 
78 

75 
73 
73 
72 

79 
79 
79 
78 
76 

74 
71 
70 

73 71 69 

74 69 68 

75 

66 

73 
70 

68 

TbP load level reached after successive cycles to the same strain falls 
onlv slLhtiy ^er the Setime of the specimen, thus the modulus increases durxng 
Ätofvle approximately equal to k times the original modulus where 

k= [ Strain Recover J 
d.    Conclusions 

The Kevlar 29 yarn is capable of withstanding many cycles of tensile strain 

P« ^i an+iw hi o-h nt strain levels below 50% ot tne nr si t-y Lie xufi-u 

VT„TS,ü"r  tattprobaWy neeTno. be of tremendcUS concern in .he „Wtnate 
JpTclnof rmXlal    « greater concern is the effect of attach™, surface 

roughness on cycle lifetime at 70oF. 

Strain recovery from repeated tensile straining is better than 70% at tempera- 

tures up to 400oF and cycle levels up to 100. 
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Figure 34.   Torsional Stress-Strain Diagram for a Single Specimen of 
2 Denier Dacron Polyester Fiber Cycled to Several StrainLevels 
(positive strain values represent S twist) 
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Table IX:   Residual Torsional Strain in Single Fibers Measured after 
Deformation to Several Levels of Imposed Strain 

Parent Yarn 

Kevlar  29,  1000 denier 

Residual Strain 
Imposed Strain       at Zero Torque 

(turns/cm) (turns/cm) 

Kevlar 49,  400 denier 

DuPont nylon,  140-68-R28-924SD 

DuPont Nomex,  200-100-0-430 

DuPont Dacron polyester,  70-34-056SD 

20 
50 
80 

120 

20 
50 
70 

20 
50 
80 

120 

20 
50 
80 

120 

20 
50 
80 

120 

0 
14 
34 
60 

0 
4 

30 

3 
11 
34 
52 

0 
22 
42 
76 

5 
24 
45 
67 

Recovery 
(%) 

100 
72 
58 
50 

100 
92 
57 

85 
78 
60 
62 

100 
56 
48 
37 

75 
52 
44 
44 

This data is also presented in graphical form in Figure 35 to facüitate comparison of 
torsional recovery behavior among the five fibers.   It is apparent in Figure 35 that 
no res"dull strain is present in Kevlar 29, Kevlar 49 and Nomex fiber upon return to 
me zero torque level after deformation to 20 turns/cm, although recovery f-m this 
stran level is incomplete for nylon and polyester.   Also evident is a general similarity 
o  shape among the curves representing Kevlar 29, nylon, Nomex   and Polyester 
The slopes of each of these curves are nearly the same above an initial strain leve  of 
L turns/cm    This suggests that, at these strain levels, similar recovery mechanisms 
derate in'ach of the ffbers.   However , absolute values of recovery do ^ fro- 
her to fiber throughout the range of initial strains imposed because of differences 
n behavior at loJv strain levels.   The initial strain-residual strain diagram of 
Kevli 49 differs distinctly from those of the other four fibers studied   having a 
LllTnent inüection point at 40 to 50 turns/cm of initial strain.   Below this pom , 
KeX 49 exS the greatest torsional recovery of the five fibers, but above it shows 
fhTrast tor stnai recovery of the group.   In fact, above 50 turns cm , ^ ormations 
£e essentiauy plastic and no indication of elastic recovery behavior exists   since at 

rainlevels above the inflection point, an increase of 10 turns/cm of initial strain 
increases the residual strain by 10 turns/cm. 
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Figure 36, Typical Torsional Stress-Strain Diagram for 1.5 Denier 
Kevlar 29 Fiber Removed from 100 Denier Yarn 
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Figure 37, Torsional Stress-Strain Diagram for a Single Specimen of 1.5 Denier 
Kevlar 29 Fiber Taken from 100 Denier Yarn and Cycled to Several 
Strain Levels (positive strain values represent S twist) 
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Figure 38 .The Effect of Elevated Temperature Exposure on the Torsional 
Recovery Characteristics of 100 Denier Kevlar 29 Yarn 
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Table XI:   Relative Effectiveness of Four Temperatures to Set Twist 
in 100 Denier Kevlar 29 Yarn 

Residual torque measured 
after setting and before 
untwisting;   expressed 

as a percent of the torque 
measured before setting 

Torsional strain 
recovery measured 
at the zero stress 

level  (%) 

70oF - control 100 
100 
100 

One minute at 200oF 

One minute at 300oF 

One minute at 4000F 

One minute at 5000F 

46 3 
41 0 
47 8 

25 .2 
2G .7 
26 .2 

21 .4 
20 .3 
19 .2 

3, 5 
0. 0 
2. 0 
4. 7 

40.0 
43.3 
43.3 

20.0 
23.3 
23.3 

13.3 
13.3 
13.3 

3.3 
0.0 
3.3 
3.3 
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Figure 39.   Effect cf Twist, Both Heat-Set and Not Set, on the 
Tensile Strength of 100 Denier Kevlar 29 Yarn 
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Figure 40.     Torsional Recovery and Tenacity Loss as a Function of 
Setting Temperature for 100 Denier Kevlar 29 Yarn. 
Setting time was one minute, and initial twist level was 
2.4 turns/cm (6.0 turns/inch) 
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materials, namely  1 .0% for the Kevlar 29 and 0.6% for the Kevlar 49.   The values in 
Table XVIII, while substantiating the relationship between compresslve buckling and 
yielding, do not provide a single, accurate estimate of the compresslve yield strain as 
had been hoped.   The large range in the measured values is the result of either an 
insufficiently refined experimental technique, or a significant deviation in this prop- 
erty from specimen to specimen, or both.   A larger number of measurements than 
has been made would be required for a more precise average value of this quantity . 

Table XVIII:   Bending Strain at Onset of Compresslve Buckling in 
Knotted Kevlar Fibers 

Apparent Bending 
Yield Strain  (%) 

Material No Buckling Buckling 

Kevlar   29 1.46 
0.79 
1.07 

1.62 
0.84 
1.22 
0.91 

Average 1.15 

IfOTrlflT"    49 0.78 

6.     Conclusions 

Both Kevlar 29 and Kevlar 49 fibers show good recovery from short-term 
bending at 70oF:    60-80% for the Kevlar 29 and 55-75% for the Kevlar 49 over a 
range of imposed curvatures sufficient to cause some compressional yielding. 
Decreased recovery, or setting, is observed in those specimens held in the bent 
state for extended periods of time; recovery of the Kevlar 29 after 16 hours in the 
bent state is on the order of 50%; after 6 months, 20-30%. 

The stresses imposed by bending are largely relaxed at 400oF for both mate- 
rials .   After one minute at 400oF, the recovery of Kevlar 29 drops to -10-20% and 
that of Kevlar 49 to 15-30%.   This finding, which indicates that these materials 
may be heat set, provided a starting point for the heat setting study discussed in 
a previous section of this report.   Although heat setting of Kevlar 29 yarn was 
shown to be feasible, strength losses resulting from elevated temperature exposure 
accompany the gains achieved by setting. 

Estimates of the apparent yield strain in compression of the two fibers center 
around 1% for the Kevlar 29, slightly less for the Kevlar 49. 
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SECTION VI 

MECHANICAL PROPERTIES OF FABRICS IN A RADIANT HEAT ENVIRONMENT 

' •     Introduction 

Fabrics intended for use in high heat flux situations must be nonflammable, 
dimensionally stable, and effective thermal barriers.   Past work on such fabrics 
has centered on defining their flammability by measurements of ignition times 
and burning rates at various temperatures and in various oxygen concentrations, 
and their effectiveness as thermal barriers by determination of their heat trans- 
fer characteristics.   An equally important facet of their protective capacity is their 
ability to continue to act as fabrics in a high heat flux environment, that is, to re- 
tain those characteristics of flexibility and strength which originally led to the 
choice of a fabric structure in the particular application.   If a fabric becomes so 
weakened or embrittled by the application of heat that it disintegrates or tears 
during movement or slight stressing, it can no longer serve as a thermal barrier. 
The limits of usefulness of a variety of fabrics can be determined by studying 
their mechanical properties at various levels of heat flux.   Measurements of the 
changes in tensile modulus, tensile and tearing strength and determination of 
bending hysteresis losses, while the fabric is subjected to high levels of radiant 
heat, should define the level and rate of embrittlement and degradation under- 
gone by the fabric in such a situation.   In an attempt to explore these changes, 
preliminary measurements of the tensile properties of two fabrics, a spun 
Burette and spun HT-4, have been made in various bilateral radiant heat flux 
environments as high as 1.25 cal/cm2/sec supplied by two facing infrared heaters. 

2,    Experimental Procedure 

The tensile test specimens are suspended between two vertical infrared 
heaters mounted in a chamber which rests on the erosshead of an Instron tensile 
test machine, and are gripped by split cylinder jaws fitted into specially designed 
jaw holders linked to the Instron load cell and erosshead, Figure 56a.   The jaws 
are inserted in the jaw holders and, at the same time, between the heaters by means 
of a track and plunger system mounted on the chamber door, as shown in Figure 56b, 
This specimen mounting system allows both rapid and precisely timed insertion of 
a test specimen between heaters already at thermal equilibrium.   Becomposition 
products are constantly withdrawn from the chamber during the testing and vented 
outside the building.   At the end of a predetermined exposure time, a tensile test 
is carried out. 

The quartz-faced radiant heater strips*, measuring 12 inches by 2 inches, 
are individually capable of supplying a unilateral heat flux up to approximately 
1.5 cal/cm2/sec; used as a facing pair, the heaters can irradiate a specimen 
placed between them at bilateral energy levels up to 3.0 cal/cm2/sec.   Measure- 
ments of the thermal output 1/4 inch from the surface of a single heater using a 

*Solar Strip Heater, Hugo N. Cahnman Assoc. , Kew Gardens, New York, 
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water-cooled calorimeter indicated that the heat flux varies considerably with 
position across the heater surface, the average being -60% of the power supplied 
to the heater.   Since an averaging effect is likely to occur over the surface o 
a specimen placed between the heaters, the heat flux levels used m the tensile 
testing will be reported as ranging from 60 to 100% of the power supplied. the 
lower value Indicating more closely the governing heat level and the higher 
value, a maximum above which no portion of the fabric was exposed. 

The tensile tests were carried out on one-inch wide ravelled strips using a 
13 5 inch gauge length and a crosshead speed of 20.0 inches per minute.   The 
long gauge length was dictated by the heater configuration; the fast crosshead 
speed was necessary to minimize the test time in relation to exposure time. 

3.    Experimental Results and Discussion 

Preliminary measurements of the tensile properties of a spun Durette and 
a spun HT-4 fabric have been made at several bilateral heat flux levels.   these 
data indicate only the types of trends that can be expected with these two materials 
as incident heat flux and time of exposure are increased.   Further work will be 
necessary to determine the fabric tensile properties under more precise and uni- 
form conditions of impinging heat flux.   A description of the two fabrics used m 
the investigation and their tensile properties at 70°F are given m Table XIX, 
both fabrics are flightsuit weight, 4.7 oz/yd2.   The properties m high thermal 
flux were determined in the warp direction for the Durette fabric and the fi ling 
direction for the HT-4 fabric since these corresponded to the directions of lowest 
yarn crimp in the respective fabrics.   Both fabrics were tested in the scoured 

state. 
Table XIX:   Fabric Description and 70oF Tensile Properties of 

Durette and HT-4 Fabrics 

Fabric Description 

,  .2 
Durette,  4.7 oz/yd 
plain weave,  49 x 43 

Average 

,   .2 
HT-4,  4.7 oz/yd 
plain weave,  54 x 47 

Average 

Initial Ruptu re Rupture 

Modulus Elongation Load 

(lb/in. width) 
Fill 

(%) (lb/in. 
Warp 

width) 

Warp Warp Fill Fill 

834 20.1 69.3 

850 23.1 74.4 

907 18.9 69.2 

770 22.9 68.3 

840 21.4 70.0 

840 21.3 70.2 

1210 1590 16.1 10.5 113 112 

1210 1530 15.8 11.6 110 108 

1210 1530 16.0 11.5 107 111 

1180 1470 15.7 11.5 102 105 

1190 
i onn 

1490 15.1 
IS.7 

10.8 
11.2 

103 
107 

100 
107 
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The fabric strength retention, approximate rupture elongation and approxi- 
mate initial modulus are plotted as a function of duration of exposure to heat flux 
of various levels in Figures 57  -  59 for the Burette and Figures 60 -  62 for the 
HT-4.   Fach data point represents the average of at least three determinations at 
the indicated conditions unless a (1) is noted by a particular entry on the graph, 
in which case a single determination was made.   Since the actual test time during 
which the crosshead was moving was several seconds in most cases (0.45 x % 
rupture elongation) , the rupture strength and elongation values are plotted 
against total time elapsed to specimen rupture;  the modulus values are plotted 
against exposure times at the start of the test. 

As shown in Figure 57, the Durette fabric loses over 80% of its strength 
during exposures of 10 seconds at a bilateral heat flux of 0.5  0.8 cal/cm^/sec 
and 90% of its strength at exposures between ~30 seconds and 10 minutes.   At a 
heat (lux of 0.6-1 .0 cal/cm2sec, the strength loss is 97% at 2 seconds and essen- 
tially 100% by 10 seconds.   The rupture elongation values plotted in Figure 58 
show a general downward trend with increasing heat flux and time of exposure 
interrupted by regions of high flow at low load level for heat flux values of 
0.6-1.0 and 0.7-1.2 cal/cm2/sec.   The initial modulus values, Figure 59, 
decrease rapidly to values only a small fraction of the original value, then show 
a gradually increasing trend .   The Durette fabric does not become severely em- 
brittled at high heat fluxes but: does lose virtually all of its strength within 
seconds after exposure to bilateral heat fluxes exceeding 0.5-0.8 cal/cm  /sec. 

The HT-4 fabric retains a greater portion of its strength than the Durette 
fabric in a similar thermal environment.   The strength of the HT-4 fabric, 
Figure 60, falls 70% after about 15 seconds at 0.5-0.8 cal/cm^/sec and 
80% within approximately 45 seconds; after 10 minutes at this heat 
flux, it still retains 15% of its strength.   At a heat flux of 0.8-1.3 cal/cm  /sec, 
the strength loss is 93% within 7 seconds and 100% at 30 seconds.   The rupture 
elongation, Figure 61, shows a similar downward trend with no high-flow 
regions.   The initial modulus. Figure 62, falls to less than half its original 
value within a few seconds at both levels of heat flux, but at 0.5-0.8 cal/cm'vsec 
rises again to a level nearly equal to its original value; at 0.8-1.2 cal/cm  /sec, 
the modulus falls to approximately zero at 30 seconds. 

Because of the -1.5 inches of the fabric strip length located outside of the 
high thermal flux region between the heaters both the rupture elongation and 
the modulus values measured directly from the Instron chart and based on a 
gauge length of 13.5 inches are somewhat in error.   However, it can be shown 
that the magnitude of this error is not more than 1.5/12.0, or 12.5%, of the 
measured value when the measured fabric modulus in the heated region E^ is 
less than approximately twice the modulus in the unheated region F0. If E'p<E0, 
as is the case for all data obtained thus far , the measured values of rupture 
elongation will bo somewhat low and those for modulus, somewhat high. 
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4.    Future Plans 

The foree-oing work has established a technique for determining the tensile 
properties of fabrics exposed to varying levels of radiant heat flux for varying 
exposure times.   Further, more precise measurement of the tensüe response of 
irradiated fabrics will require infrared heaters capable of supplying a more 
spatially uniform heat flux.   Such heaters are available on a custom basis from 
the manufacturers of those presently in use.   If new heaters are acquired, both 
their thermal and optical properties should be well characterized. 

All data obtained thus far has involved bilateral exposure of test fabrics, 
a situation in which the fabrics can be expected to reach ^f^™^ 
perature of the heaters almost immediately.   The response of the fabrics when 
exposed to unilateral heat fluxes of the same magnitude is also of -terest and will 
probably more closely relate to the requirements of protective clothing    With 
unilateral exposure, the rate of temperature rise within the fabric and the effec 
of heat flux on tensile properties would be slowed by the opportunity to lose heat 

more readily to the surroundings. 

Another factor possibly affecting fabric tensile behavior in high radiant 

heat fluxes is the amount of air flow past the sVecim™^l^*^," '* 
hoped to carry out future testing in a completely sealed chamber to which a 
metered mixture of oxygen and nitrogen is supplied during exposure. 

Other fabrics intended for inclusion in the test program, in addition to 
Burette and HT-4, include Nomex, Kynol, flame-retardant ^ffj0^'^ 
ester and nylon - all in the approximate weight range of 4-6 oz/yd^.   Kevlar 
fabric may be added to the list as it becomes available. 

It is hoped that this study can be refined and extended because of its value 
in predicüng the utility of fabrics intended to provide thermal protection under 

various levels of heat flux and activity. 
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SECTION VIIl 

CONCLUSIONS 

The majority of this research has involved a detailed study of the mechanical 
properties of fibers and yarns made from Kevlar 29 and Kevlar 49.   These are 
reTarkable new fibers, having a combination of properties ^^erto ^M       ^ 
in a textile fiber.   Their extremely high tenacity otters the potential of designing 
abr^s having a uniquely high strength-to-weight ratio, an obvious advantage 

in many Air /orce applications.   Their relatively high modulus -uM provide 
a degree of dimensional stability unobtainable from commonly-used texüle fibers 
Their transverse and compressive properties provide a freedom from brittleness 
'if twisting and bending unlike those of other high modulus libers. and more like 
the common textile fibers.   Their freedom from shrinkage when exposed to heat 
and relative nonflammability are additional important assets. 

Undoubtedly, the Kevlar fibers are potentially important in applications of 
inteie t to the Ai ■ Force, and this study of mechanical properties has provided a 
background of invaluable information which will help to ensure that their charac- 
teristics can be utilized to best advantage. 
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