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Abstract 

By use  of the electrostatic vibroscope method,  dynamic measurements 

have been made  of the Young's modulus  derived from bending and the  tor- 

sional modulus  of nylon 66  and Dacron filaments  ranging in draw ratio 

from one   (undrawn)   to six.     Quasi-static measurements have  also been 

made  to  obtain the Young's modulus derived from extension.     The dynamic 

values  of the Young's modulus   increase  from draw ratio one to draw ra- 

tio  six by a factor  of 3«5  for nylon 66  and  5>.8 for Dacron.     The  tor- 

sional moduli  of both filament  types exhibit  no  appreciable  changes with 

increasing draw ratio. 

The ratio of the Young's modulus to three  times the tcsrsional mo- 

dulus,   which ratio  is  unity for a homogeneous  isotropic material with 

a Poisson's ratio of 1/2,   is about  three for nylon 66  and greater  than 

five  for Dacron at a draw ratio  of  six.     These results,  along with those 

obtained at  lower draw ratios,   indicate  that both filaments become pro- 

gressively anisotropic with drawing,  the  extent of the  anisotropy re- 
ft 

fleeting mainly the  changes in the Young's modulus.    As a check on the 

experimental  procedures,   the  elastic moduli have  also been measured for 

a 1-mil drawn tungsten wire. 

I 



asjHaaaMaHUIHaaM0alaaBaMaaMak:Mll& 
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by 

J. H. Wakelin, E.T.L. Voong, D. J. Montgomery'"", 
and J. H. Dusanbury 
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Introduction 

The Young's modulus and torsional modulus of nylon 66 and Dacron 

filaments of various draw ratios have been determined with the electro- 

static vibroscope technique [1].  The vibroscope method used for mea- 

suring the bending modulus of the filaments is essentially similar to 

that described by Lochner [2J and Karrholm and Schroder L3J•  The prin- 

cipal change in the present technique is the application of the elec- 

trostatic method for exciting the filaments' oscillations rather than 

the mechanical, one described by these authors.  The method for measur- 

ing the torsional modulus differs from that described and used by Ray 

[lj.3, Meredith [Jj>], and by Hammerle and Montgomery [6] in that the elec- 

trostatic vibroscope method was used to drive the filament in forced 

torsional vibration at frequencies comparable with those of the bending 

vibration.  Values for the Young's modulus for these filaments were 

also obtained by extending filaments at a constant rate of extension. 

The ratio of Young's modulus derived from extension and from bending 

to three times the torsional modulus has been used as an indication of 

anisotropy of the nylon 66 and Dacron filaments of various draw ratios. 

For a homogeneous, isotropic, incompressible elastic body, this ratio 

is unity.  Increasing departures of this ratio from unity represent in- 

creasing structural anisotropy.  Such increasing anisotropy may be ex- 

pected with increasing draw ratio. 

Present address:  Michigan State College, East Lansing, Michigan. 
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Description of Samples 

Samples of nylon 66 and Dacron were prepared and supplied to Tex- 

tile Research Institute by the Textile Fibers Department of E. I. du 

Pont de Nemours and Company.  The drew ratios of both filament types 

were 1.00 (undrawn), 2.02, 2.99, 3*99, 5.02, and 5.99.  Samples of 

1-mll drawn tungsten wire were also studied to determine the Young's 

modulus from both extension and bending, and to determine the torsion- 

al modulus in order to compare with similar values obtained on the un- 

drawn filaments of the nylon 66 and Dacron series.  The samples of 

tungsten wire were obtained from the Palmer Physical Laboratory, Prince- 

ton University, Princeton, New Jersey and from the Cleveland T.Vire Vforks, 

Lamp Division, General Ulectric Company, Cleveland, Ohio. 

Experimental Procedure 

Filaments of nylon 66 and Dacron for the draw ratios one to six 

inclusive were mounted on cellulose acetate tabs to provide a test 

length of 7-10 cm.  The length of the fiber between tabs was measured 

with a low-power travelling microscope reading to 0.0001 cm. The mass 

per unit length of these filaments was then determined with the elec- 

trostatic vibroscope; a correction for filament stiffness was also 

made [7, 83. All measurements were conducted on samples conditioned 

to a temperature of 70°F and a relative humidity of 65$. 

Torsiont-A short length of 30»denier nylon 66 filament (0i|.0an) was 

mounted with Duco cement as a cross-tar on the center of and transverse to 

the length of the filament described above.  The filament with cross-bar 

attached (Figure 1) was then clamped i:i a vertical position; the lower 

tab was restricted from rotating by clamping a metal cross-bar to the 
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lower  tab  and restricting the  rotation of  this cross-bar by two  small 

pegs.     The   cross-bar  at the   center   of the filament  under  test was then 

set  into oscillation by placing  one  end between electrodes,   as  shown 

in Figure  1.     The  electrodes were mounted  in a horizontal plane and 

were  energized by an audio-frequency generator  as  in the original vi- 

broscope method.    A d.c.  bias  of 300 volts was used to place  a charge 

on the  filament. 

The frequency of  torsional response of  this  system is   [93: 

3Gd*g/l    + 1\ 
„2     =     gl      *Z>  (1), 

32 irs   S   L J 

where V   is the frequency (cps), 

G is the torsional modulu; 

d is the diameter of the filament (cm), 

G is the torsional modulus (gm/cm ), 

p 
g  is  the  gravitational acceleration   (cm/sec   ), 

<*_   and^  are,   respectively,  the   lengths of  the  filament 
~  above and below the  cross-bar   (cm), 

lit o 
/° ,  S , and  L    are,  respectively,   the   density   (gm/cm-3),   cross- 

sectional  area   (cm2), and length  (cm)   of the 
cross-bar. 

From Equation  1  the   torsional modulus  G may be  expressed as: 

G       = 32UV   S'   L'3V2  • (la) 
k S * i.\ 

In contrast with the case of bending* where the distributed para- 

meters load to a differential equation permitting various modes of 

oscillation, the case of torsion, with its lumped parameters, leads tc 

an ordinary differential equation with only one mode of oscillation- 

^._•;»».mil ,*•«««• 
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Koreover, the torsional frequency should be independent of filament 

tension, provided that such tension does not appreciably affect the 

torsional modulus.  Data were obtained to show the independence of the 

frequency response to changes in filament tension; such data for a sam- 

ple of 30-denier drawn nylon 66 filament are plotted in Figure 2.  The 

change in frequency with various values of f 4 + A   ) was also investi- 

gated with samples of the same nylon filamont.  The results shown in 

Figure 3 confirm the validity of Equation i. 

BendinR -- After the torsional modulus G was obtained by the cross- 

bar method, the Young's modulus Q by bending was measured on the length 

of filament below the cross-bar.  In fact, this lower length of the fila- 

ment was cut in two so that duplicate measurements of Q, could be obtained. 

In these measurements the free end of the filament was placed between 

the electrodes of the vibroscope, as shown in Figure [\.,   and the magni- 

fied image of the fiber viewed through a low-power microscope.  The 

filament length from the tab to the free end wa3 then read to 0.0001 cm. 

The mass per unit length of each t est length used (prior to cutting in 

two) was determined by a separate vibroscope measurement.  The natural 

bending frequencies of the filament are [10]: 

V ir 
n 

/ Q K2 g .»  2 

2L2 [/   /° 
(2), 

where "V is the frequency of the n  allowed frequency (cps), 

"^ -. is the fundamental, v  is the first overtone, etc., 

L is the length of the filamont (cm), 

Q is the Young's modulus (gm/cm ), 

g is the gravitational acceleration (cm/sec ), 

/ is the filament density (gm/cm ), 

.•KTamwcP''«..»"<»*•*» —- > • •• »*OAJ». -- - 
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: 

K is the radius of gyration of the cross-section (cm); 
for a filament with a circular cross-section of 
diameter d, K = d/ij., 

8 th r        is a dimensionless constant for the n  allowed fre- 
quency; 41  = 0.^97, 02  = X.I4.9I4., /B-  = 2.500, etc. 

The value of the Young's modulus, Q, from Equation 2 is 

6I4. LVV, 
Q = n 

fT2 d^^g 

(2a) 

For a filament of circular cross-section, 

T) 

V. 

0.55966d" 

hi2 

6.267 V1 

17-5^8 l)1 

3^.387^' 

4L 

, etc, (3) 

t 

The change of frequency with the order of the overtone for a given 

length of filament, and the change in frequency with filament length at 

a given order of overtone, have been measured on 30-denier drawn nylon 

66.  These results are plotted in Figure 5 ind are found to be in con- 

formity with the prediction of Equation 3-  The effect of air damping 

has not been studied as such, but the frequency-sample length varia- 

tions in the test conditions both for bending and torsion indicate that 

no appreciable effects of air damping are noticeable.  The present work 

was conducted in a frequency and filament-denier range beyond that found 
H It 

to be critical for air damping effects by Karrholm and Schroder. 

r. 

Extension -- The Young's modulus E from extension was determined 

on the length of filament between the cross-bar and upper support by 

i»«*-M»* ^mc*.-*t>.TMeLi*   -»• r>*-'~ 
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means of the Instron Tensile Tester.  For nylon 66 and Dacron, sample 

lengths of about 2.5 cm. were extended at a constant rate of 50/o/min. 

For tungsten wire with te3t lengths in the l\.-10  cm. range, the range 

of extension rates was from 0.5^/min. to 2%/min.     The mass per unit 

length of each test sample was obtained by a separate vibroscope meas- 

urement . 

Experimental Results and Discussion 

The data for the Young's modulus (E) from extension and (Q) from 

bending and the torsional modulus (G) for nylon 66 and Dacron fila- 

ments are presented in Tables 1 and 2 and plotted in Figures 6 and 7. 

The values reported are means of measurements on four filament samples 

for E and G and on eight for Q.  The tolerances in thoae ^nd in suc- 

ceeding tables are deviations of tne mean values at the 9S%  confidence 

limits.  The Young's moduli from extension and from bending increase 

by a factor of approximately four for nylon 66 and six for Dacron from 

the undrawn state to a draw ratio of six.  The values for E are gener- 

ally lower than those for Q.  This difference is undoubtedly due to 

the relatively large effect cf creep and stress relaxation during the 

extension of the filaments to obtain E. 

As a check on the vibroscope method for determining the cross- 

sectional area of the filaments, microscope measurements of the diame- 

ter were made at five positions along the length of the Dacron test 

samples for determining Q,.  The values of C based on both the vibro- 

scope and microscope methods are included in Table 2, and the data 

indicate close agreement between the two methods for measuring the 

cross-sectional area of the filaments. 
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^able 1. 

Elastic Moduli for Nylon 66 Filaments of Various Draw Ratios 

E (Young's Modulus - Extension) 

Draw Filament Frcquenc '7. Range E 
Ratio Oross-sectional 

Area   (^  ) 
(cycl C£ ;/scc) 

(gm cm" •2 )xl0"6 

1 26914-  - 191 _ 8.8 + 0.I4. 
2 1369 352 - 18.3 1.5 
3 1055 102 - 21^.0 1.1 
14, 789 228 - 33.9 2.2 
5 608 97 - 14-2.8 I4-.1 
6 561 62 - 51.8 5.0 

1 
2 
3 

\ 
6 

Q (Young's Modulus - 

1 2660 ± 186 
2 I8I4.6      I4.07 
3 1122       112 
k 788      233 
5 609       112 
6 560        57 

Bending) 
Q 

(gm cm u")xl0-6 

28I4.  -    I4.23 
239   -  1075 
305  -     709 
285 -    14.514. 
27I4.  -    I4.OI 
285  -    I4.6I4. 

16.14. *  l.b 
21.0       7.2 
33.9       2.5 
1+2.6       3.1 
50.3       14-.9 
57.0      $.5 

Range of Sample Length = 0.32 - 0.55 cm; Cross-sectional 
area determined on four filaments for each draw ratio. 

G (Torsional Modulus) 

-2< (gm cm~^)xl0 ,-6 

2713 - 190 
1614,0 m 
1126 105 

796 236 
606 10l^ 
570 56 

187   -  221]. 5.1   -  0.3 
9l'r  - 182 1)..9       0.I4. 
91  -  II4.0 5.6       0.7 
55 - 1I4.0 5.3       l.k 
52  -  106 5.9      0.6 
514. - 135 6.1      0.8 

Range of Cross-bar length = 0<20 - O.I4.I cm; (l/j + l/( )   = 
0.14.914. - 0.535 cm'1. 1        d 

.»-*. *~.i*£zm'm»fM* -»f -flw 
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Table 2. 

Elastic Moduli for Dacron Filaments of Various Draw Ratios 

E (Young's Modulus - Extension) 
E 

Frequency Range        _2.   -6 
(cycles/sec)      (gra err.  )xlO 

Draw Filament 
Ratio Cross-sectipnal 

Area <*') 

1 27)+8  ± 210 
2 1876 112 
3 905 111 
t 

75i)- 65 
5 601 116 
6 512 35 

22.0 ± 1.8 
28.6 k.l 
81.0 16.3 

125.0 114 
130.3 32.1 
114-0-14- 15-5 

1 27l].6 ± k05 
2 1700 503 
3 ROC 1   "!0 Uuj J.J«- 

k 759 ig 5 579 
6 516 ^3 

(gmcm"2)xl0'6 

- 730 23.9  !    2.0 
- 371 31.9       12.5 
-312 93.7         8,6 
- 1+09 117.6         6.8 
- I+07 II4.2.IJ.       27-0 
- 363 138.2       17.0 

Q (Young's Modulus - Bending) 
Filament Cross-sectional Areas Measured Vibroscopically 

Q 
(gm cm" 

222 
165 
237 
229 
300 
238 

Range of Sample Length = 0.53 - 0.76 cm; cross-sectional 
area determined on four filaments for each draw ratio. 

Q, (Young's Modulus - Bending) 
Filament Cross-sectional Areas Measured Microscopically 

I   -6 
(grn cm" )x!0 

1 2689 * 137 
2 lkl+1  339 
3 873 lq-3 
I4. 714-3 166 
5* 571 38 
6 500 33 

Range of Sample Length = 0.53 - O.76 cm.  ""'Five filaments measured 

G (Torsional Modulus) 

222 - 730 
165 - 371 
237 - 312 
229   - 1+09 
300  - I4.O7 
238   -  363 

0.53 -0.76   cm. 

2k.3  *    2.j 
1+2.6 
63.2 

17.1 
17.6 

109.6 13-7 
131.9 28.6 
127-5 Ik.6 

G 
(gm cm"2)xl0" -6 

1 2773 
2 17314- 
3 914.1 
14-                            7514- 
5 568 
6 512 

± 1+08 
230 
159 
57 
85 
It-2 

270  - K37 
155  - 161 

08  - 122 
75 - 120 
5k -    70 
50 -    53 

9.5  *  0.3 
6.2       2.9 
7.2       1.1 
8.5       0.7 
7.5     1.0 
8.2      0.6 

Range   of  Cross- 
0.556   -  1.020   err 

bar  Length = 
1    . 

0.30 -   0.1+2   cm;   (1/A + i/y = 

•   . 

1 
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The torsional moduli for nylon 66 and Dacron are not affected 

appreciably by the filament draw ratio. This result, which is in 

striking contrast to the behavior of E and Q with draw ratio, may 

indicate that the drawing process increases the torsional modulus 

near the core of the filament and has little effect on the modu- 

lus of the material near the surface. 

Values for the ratio E/3G and Q/3G for nylon 66 and for Dacron 

are given in Table 3 for the complete draw ratio range. Both E/3G 

and Q/3G increase from near unity for the undrawn filaments to a- 

bout three for nylon 66 and to greater than five for Dacron at a 

draw ratio of six. For a homogeneous isotropic material the rela- 

tion between Q and G should be 

g = 2(1 +r) (IP 
where <r  is the Poisson's ratio for the ro.-.cerial.  If Poisson's 

ratio is l/li, E/3G = 0.83; if Poisson's ratio is 1/2, E/3G = I. 

Q/3G is found to be 0.81). and 1.07 for undrawn Dacron and nylon 66 

respectively; for nigher draw ratios the values of Q/3G (and E/3G) 

exceed unity.  The lower values of E/3G directly reflect the in- 

fluence of time-dependent effects in the quasi-static measurement 

of E.  For this reason the ratio E/3G is listed only for comparison 

with Q/3G, which represents the ratio of two dynamic moduli.  Be- 

cause of the effects of crystallite formation and orientation in 

the drawing process the departure of this ratio from unity is not 

surprising and reflects an increasing filament anisotropy with 

draw ratio.  For nylon 66 at draw ratio four Q/3G is 2.75, a value 

which agrees well with the factor 2.9 found by Kammerlc and Mont- 

gomery [6] when comparing the Young's and torsional moduli of 

«*-<swn-^M&jmmm»< #-•• ;.•« •  « --. . ^-—<-r 
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E/3G and Q/3G for Nylon 66 and Dacron filaments 
of Various Draw Ratios 

Draw TT /3G 
Ratio 

NYLON 66 
1 0.^8 i 0.05 
2 1.25 0.16 
3 1* 0.18 
1+ 2.19 0.65 
5 2.k3 0.k2 
6 2.8k 0.62 

DACRON 
1 0.77 * 0.07 
2 1.6k 

3.78 
0.76 

3 0.62 
1+ k.89 0.38 
5 5.61 1.1+2 
6 5.70 0.62 

Q/3G 
(Vibroscope) 

Q/3G- 
P'icroscope) 

1.C7 - 0.11 
143 0,k9 
2.0k 0.30 
2.75 0.36 
2.86 0.32 
3.13 O.k? 

0.8k - 
1.76 

0.07 0.85 
0.65 2.55 

k.38 O.kO 3.92 
k.62 O.kl k.30 
6.2k 1.13 5.80 
5.62 0.77 5.18 

0.09 
1.56 
0.88 
0.58 
l.kO 
0.6k 

drawn nylon by stress relaxation and box-distributional methods. 

The increasing departure of E/3G and 0./3G from unity with increas- 

ing draw ratio shows that caution must be used in estimating the 

value of the Young's modulus from the torsional modulus and vice 

versa for inhomogeneous and/or oriented filaments. 

The high values for the doviation of the means are due largely 

to inhomogeneities in tho filaments introduced by drawing.  The in- 

fluence of these inhomogeneities on the derived moduli is shown for 

nylon 66 in Figures 8, 9, and 10 where S, Q, and G, respectively, 

for the various draw ratios are plotted against the reciprocal of 

the filament cross-sectional area on a log-log basis; similar data 

for Dacron are givnn in Pirures 11, 12, and 13•  In Figure 12 the 

values for the Young's modulus from bending are plotted for both the 

vibroscope and microscope measurements of filament cross-sectional 

area.  The least-mean-squares lines are plotted in Figures 8-13, 

r 
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inclusive, for E, Q, and C- vs. reciprocal cross-sectional area for 

nylon 66 and Dacron; values for the slopes of these lines are 

listed in Table k« 

Table 1;. 

Slopes of Least-Mean-Squares Lines for Elastic Moduli of Nylon 66 
and Dacron versus Reciprocal of Filament Cross-sectional Area 

[Based on log modulus = b log (l/filament area)] 

b * VOS '** 
Elastic Modulus - Nylon 66       Dacron 

E 1.06k -  0.086 1.218 ± 0.097 
Q (vibroscope)                0.788  0.103 1.192 0.126 
Q (microscope) 1.085 0.098 
G 0.105   0.081 0.001 0.l43 

To compare with nylon 66 and Dacron, the data for the elastic 

moduli of 1-mil tungsten wire are presented in Table 5»  The values 

reported are means of measurements on four samples in the cases of 

E and G and eight in the case of 0.  A plot of the bending frequen- 

cies of the fundamental and first overtone vs. the square of the 

reciprocal filament length (Figure Ik) shows how well the response 

predicted by Equation 3 is followed by tungsten wire.  The mean de- 

viations for these moduli are seen to be considerably lower than 

those for the nylon 66 and Dacron filaments reported above, and the 

values of E and Q arc in much better agreement, indicating only a 

small influence of creep ana stress relaxation in the measurement 

of E.  Moreover, the values of E/3G and Q./3G show that the Poisson's 

ratio for this tungsten wire probably has a value between l/k and 

1/2. 

' 
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Table 5- 

A. Elastic Moduli of 1-mil Drawn Tungsten V/ire 

E (Young's Modulus - Extension) 

Filament 
., Cross-Sectional   Approximate Test     Extension        a ?   _Q 

Sample^'"  Area (>«^)     Length (cm)  Rate (#/min.)  (gm cm  )x!0 

1 50L(. t 2 10.0 0.5       37.3 * 0.1** 
2 509  9 3.7 1.3       lj-2.0  l.lj. 

Q   (Young's  Modulus   - Bending) 
Q 

Test  Length Frequency _2 a 
           Range   (cm)     Range   (cps)     (gm cm"*   )x!0== 

E 

1*** 50I1 ± 2 0.51-0.53 457-578     35.5 i 0.7 
2*** 506      6 1.00 -  1.08 137  - 155      38.5      0.1]. 

G (Torsional Modulus) 

(1/i,   +  1/jtJ 
Cross-Bar                   _         ^ _2 _g 

          ____X2Il} (cm     )                 (gm cm     )x!0 
1 50I4. i 2       0.37 - 0.14.2    0.54-6   -  0.568    630  -  7I4-O       II4..3  - 0.5 
2 513       2       O.36  -  0.1;0    O.I4.16   -  0.14.19    575  - 672       13.9       0.5 

B. Ratio of Elastic Moduli for 1-mil Drawn Tungsten Wire 

  2/3G Q/3G 

1 0.87 *  0.02  O.83 - 0.01 
2 1.00   0.03  0.92   0.02 

Samples 1 and 2 are obtained, respectively, from Palmer Physical 
Laboratory, Princeton University, Princeton, N.J., and the Cleveland 
Wire .Vorks, Lamp Division, General Electric Company, Cleveland, Ohio. 
E measured on different test samples than used for Q, and G. 

'""" Cross-sectional area determined on four filaments for each sample. 

- .- ...  >    ^ > 
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Conclusions 

\ 
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The work reported here leads to the following conclusions: 

1. A dynamic method based on the electrostatic vibroscope has been 

developed and applied to determine the bending and torsional moduli 

of nylon 66 and Dacron filaments in the range of draw ratios from one 

to six, inclusive. 

2. For nylon 66 and Dacron the Young's modulus (Q) from bending 

was found to increase by a factor of 3 .5 and 5*8, respectively, for 

draw ratios from one through six. 

3-   For both materials the torsional modulus (G) changes only 

slightly with draw ratio. 

l±.       Quasi-static measurements of the Young's modulus (E) from exten- 

sion show that is is generally lower than the Young's modulus (Q,) 

frou bending at the same draw ratio; the difference is greater for 

nylon 66 than for Dacron and is more pronounced at the low draw ra- 

tios, indicating that effects of creep and stress relaxation operate 

to decrease the modulus v/hen measured under quasi-static conditions. 

5. The values of E/3G and Q/3G increase with draw ratio; at draw 

ratio six, E/3G and Q/3G are 2.8ii and 3.13 for nylon 66, and £.70 

and 5.62 for Dacror.  This change in the modulus ratio indicates an 

increasing degree of filament anisotropy with increasing draw ratio. 

6. The high values of the mean deviations for Q, and G for nylon 66 

and Dacron result from filament inhomogeneities introduced by the 

drawing process.  Comparable measurements on 1-mil drawn tungsten 

wires for Q and G show that their mean deviations are significantly 

lower than those for nylon 66 and Dacron and reflect the higher de- 

gree of uniformity of the tungsten wires. 

•—»•..». 

--> 
Ttf" ' 

•>       _•-' * 



-lk- 

i Acknowledgments 

The authors wish to express their appreciation to J. H. 

Dillon, Director of Textile Research Institute, for his help and 

encouragement throughout the various phases of this work, and to 

irr. Harold 17. Lambert of the Institute staff for his valuable 

contributions in the design and development of the equipment for 

applying the vibroscope method to this work.  They are also grate- 

ful to Professor Walker Eleakncy of the Palmer Physical Laboratory, 

Princeton University and to Mr. L. T. Fahrenthold of the Cleveland 

'Vire 'Vorks, Lamp Division, General Electric Company for supplying 

the samples of tungsten wire used in this study.  The authors' 

thanks are also due Dr. II. F. Kume of the Nylon Research Division, 

Textile Fibers Department, E. I. du Pont de Nemours and Company 

for supplying the nylon 66 and Dacron filaments of varying draw 

ratio. 

• 

• 



«WM» 'MWewWUMW"- k« -twi^-*- k-JWA,(,*'•-'•• --:-y»*r#.-~-T*i*^**r^-ti. 

-15- 

References 

1. D. J, Montgomery and W. T. Milloway, Textile Research J. 
22, 729 (1952). 

2. J. P. A. Lochnor, J. Textile Inst. kO,   T220 (191+9). 

3. E. M. Karrholm and B. Schroder, Textile Research J. 23, 
207 (1953). 

4. L. G. Ray, Jr., Textile Research J. 17, 1 (191+7). 

5. R. Meredith, J. Textile Inst. Li5, Tl+89 (19510. 

6. W. G. Hammerle and D. J. Montgomery, Textile Research J. 
23_, 595 (1953). 

7. D. J. Montgomery, J. App. Phys. 2k,   1092 (1953). 

8. E. T. L. Voong and D. J. Montgomery, Textile Research J. 
23_, 821 (1953). 

9. L. Page, Introduction to Theoretical Physics, (D. Van 
Uostrand Co., Inc., New York, 1935), 2nd Edition, p. 16k. 

10.  P. N. Morse, Vibration and Sound (McGraw-Hill Book Co., 
Inc., New York, 191+8), 2nd Edition, p. 158. 

* 

:•-•••* '   * 'imwjf*-' —<^rr<j^ 



. 

•»tMM* Hi! t .mji*-s- 

Cross-bar -*•  Vibroscope 
Electrodes 

? - 

I 

Fig. 1-    Sketch of TlbroBooj» aatfcod for obtaining 
torsional modulus of filaments. 



, 
• • 

• 

• 

400r 

t/> 350 
GL 

3 
> o z 
UJ 
3 
o 
UJ 300 

few 
0 

XT 

1 

•XT 

1 
K) 20 30 

TENSION  (gm) 

/IO 

1 
Fig. 2» Effect of filament tension on torsione! 

frequency (30-denler drawn nylon 66). 



. 

—      CM 

O a 

I 
i o 
« 

§ 
a o 

n 
a 

o 

9 

1- s 
H 
<n a 
Vi o 

o a 

I 
H 

V» « 
C»H 

o« 
•   I 
ttO 

I 
i 

A4   ! 

SI 

&c 

* .01 ^ 2(**>)   ,(A0N3n03dd) 

• 



• 

nxmpmmmm** 

FILAMENT 
/ 
V 

£- 
( ViBROSCOPE 
> ELECTRODES 

1 a  

.. 

Fig. 4. Sketoh of vibrosaop* method fop ohtslniug 
the banding modulus of filaments. 

> 



. 

r 

r 
••• 

r-S 

9 

c 

*» 

u 
o 

>» 
o 

I 
8 

si 
3d a o 

:& 

o •«* 

s-a 
© 9 
H< 

I 
4»0 

S 

u 
Vi « 
o * 

o 
•» 
o •» 

w 

\"— / A0N3fl03^. 

- 

-ft 



r •MMMMIMMi 

I 

ft- 
fi- 

fe 

m 

i 

60r 

K 

^•50 
o 

240 

o 30 o 

u 

3 
Ui 

10 

0 

Extensional O 
Torsional • 
Bending       L 

D- •Q -a- 

I 2 3 4 
DRAW RATIO 

-a- 

6 

Fig. 6.    llntio moduli of nylon 66 ot rarioua dr*« ratios. 

•>•-•»"<«=*«•*•*  " -"**"J"'  '•  " 



  in   » i«iimr»» n»ni ir a n-nn""t" 

160 

140 

CO 

'2 120 
X 

CM 

o 100 

380 

3 o 
60 

o 
E 

LU 40 

20 

Exfensional o 
Torsiona! • 
Bending       A 

D- D •a- 
JL 

2 3 4 
DRAW   RATIO 

5 

•D- 

6 

Fig. 7. Elastic moduli of Daoron of various draw ratios. 



. 
• 

lOQr- 

t o 
x 

I 

»      O O 

••• • 

-J 
Q 
O 

:I0 

• 

i Q 
</> 
2! 
UJ 

X 

i 
' t'l 

••..  • 

• 

o D. R. 1 
9 D. R 2 
€ D. R. 3 
e 0. R. 4 
9 D. R. 5 
» u. n. 6 

I      I     I    l   I  H I ; _i_ 
10 

j/AREA  (/T2)x !04 

I      1    i   I   I  i • i 

ioq 

#ig.  8.    Jxtensional modulus of nylon 66 vs. reoiprooal oross-saotional 
•r«a of filaments at various draw ratios. 

j 



• 

I 
-*r** r-i—«««»t;-*r>;»-,-w , tnr*-*^»i-iMm.>*f—<w*m , miWMiiwri—>f 

' 

!00 

o 
•ft 

I   E o 

-ID 

o 

O 

• 

• .-.. * 
!.1 

o DR.   I 
* D.R.  2 
«> D.R   3 
« DR.  4 
e D.R.  5 
• D.R. 6 

J I t   I  i ) i 
SO 

'/AREA  (/T2)x !04 

J—i   i i i I 
100 

Fig. 9,    Bending modulus of nylon 66 •».  raoiprooai oross-eaotional 
araa of filaments &t /arioua draw ratios. 

• 

•. - • •      .-  • 
••-•• 

K    '    -    T-' 

•£?' 
•yr 

tr ;--*-"- 



i 
t 
1 

•—•inn n mi w«lliuH..WInm 

100 r- 

i'o 
CM 

'E o 
« 

E 

CO I 

O o 

10 

;•' 2 
* or 

o 0. R. 1 
9 D.R. 2 
• D. R. 3 
e D. R. 4 
o D. R. 5 
•     D. R. 6 

J I I   I   I  I I I 
10 

i_L-J   Mil 
DC 

l/AREA {/r*) x 10 

: 

! 

j 
\  

Fig. 10.    Torsional modulus of nylon 66 TS. reciprocal oross-ssctional 
area of filaments at various draw ratios. 

        : -   T=-_ 

• j 



^jiMPiiitflMiihir HfiiM 

j-IOOOr- 

I Q 

\ 

* 

• 

2 
LU 
h- 
X 
LU       h 

10 I 

o QR, ! 

e QR 2 
€) QR 3 
© QR 4 
e QR. 5 
• 6 

J I 1  I I i i I 
10 

i/AREA  U"2) x I04 

J I   1   1 I I 1 
100 

.rig.  11.    Extsnsicnal Modulus of Daoron vs.  rsoiprooal orose-seotionai 
•raa of filaments at various draw ratios. 

\ 

• 

;„_,> s 
*.*«- >..- - 



' 

I.LJ Jig, in    "..!!MftM'!.l'n 

r8r 

Sfi 

o 

•a. 

< 

©^©NP 

V 

of cc of cs a: a: 
dd o o cJd 
O © d v c» w 

jiiii    i _x ' i ' i   i    1     » 

8 

m 
A     > 

-ISx 
At 

P* o 
o a 
o 

,o 
na 

s 
i 
to 

3 
S 
•>    • 
o «a 

s_     • ** 
"      S g 

is 
S a 
9.2 

o to 
« > fa 

•p 
• to 

m 
•> a 

si o © 

a 5 
at iH 

u 
Vi 
o d o 

< 
Li 

~ oi x UIUJO w6) smnaow ON!GN39 
%T" C  _, , _ 

n 
3 o 

Pi 
o o 
CO 

eg o 

CQ to 

•^3^   > 



' 
MnMBNanMEHM* 

JOQ- 

X : 

? 

i 

I 

•t s 
X 

'£ o 
£ 

Q 
O 

^«0- 
2      - o   r 

o 

r 
r 

i 

o D.R. 1 
• D.R 2 
• D.R. 3 
© D.R. 4 
6 D.R. 5 
• D.R 6 

* 
o 

iff CD 

9 

J JUJ   l   M I 
10 

'/AREA   (if2) x!04 

J J I   Mil) 
KX) 

a 
j 
I  

I 

Fig. 13.    Torsional modulus of Daoron ye. reciprocal otoas-aeotional 
area of filaments at various draw ratios. 

. 
»: 

-i '• "...     ; 



• 

ttat 

OUUU 

4000 
Ist OVERTONE 

a. 
I « 
: v. ; o 
hUJ 

O 
t LU 

or 

• 

2000 

• 

• Fig.  Ik. 

'/LENGTH    (cm   ) 
Effect «-f filament length on the bending frequency of th» 
fundamental and the first overtone (1-mil drawn tungaten 
wire). 

- 



 ——-—    i"i •»!  nw—i—     •• • ""•'•••"•   '••in —wo—i •> mm »II»    -•      i     ••!•       I, !•• inn MP»       .I-        iiii.il — 

Armed Services Technical Information Hgency 
Because of our limited supply, you are requested to return this copy WHEN FT HAS SERVED 
YOUR PURPOSE so that it may be made available to other requesters. Your cooperation 
will be appreciated. 

£ 

titffffti!:1 1W8SM GOVERNMENT OR OTHER DRAWmtl^l^gBmCATION3 OR OTHER DATA 
MFUSED FOR ANY PURPOSE OTHEB THAN IN CONNECTION WITH A DEFINITELY RELATED 
GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS 
SG RESPONSIBELTTY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE 
GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE 
SMB DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY 
IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER 
PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR PERMISSION TO MANUFACTURE, 
USE OR SELL ANY PATENTED INVENTION THAT"MAY DJ ANY WAY BE RELATED THERETO. 

Reproduced    by 

DOCUMENT SERVICE CENTER 
KNOTT BUILDING, DAYTON, 2, OHIO 


	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036

