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FOREWORD

This report was prepared by the Fibrous. Materials Brahch, Nonmetallic
;" Materials Dwiwiom Air E‘orce Materials Laboratory. It was initmted' under

¢ Project 7320; "Fihrous Materials for Decelerators and. Structures't, Task
; 732001, "Organic and Inorganic Fibers', with Waltér H. Gloor as Project

Scientist.
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ABSTRACT

Determination.of fiber linear density by vibroscopic .(vibrating string)
techniqués requires a correction for specim.n gtiffness when applied te
fine diameter, high modulus.fibers. The magnitide of this -correction is
discussed, together with the factors from wniich it arises and methods of
calculation.
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L _INTRODUCTION

Tensile: «characterization az:.ﬁlamentary materials necessitates determi-
nation of somé measure.of fiber size. Commonly employed: size measures:
are diameter, cross-sectional aréa, and denier, and these are normally de-
termined through rela.twely straight:-forward mic:zoscopm., planimetric, or
,ana.lytical balance techniques. Filament ‘denier for veryf .small fibers: (less:
than t mil diameter) is difficult to.determine by dzzect wezghmm because of
the amall weigkts and/or long lengthl iavolved. An: approximlt‘on! can be:
obtained for those.fibers: which are part cf a multifilament: yari by dividing,
yarn denier by filament count. Fiber-to-fiber- nonunifarmity, ‘however, iatro-
duces uncertaunitiel» Microscoprc diameter measurenients are dpplicable:
only to-circular or near-circulayv fibers.. Planimtry using: photomicrographs:
obtamed from mounted cross:zsections has the mherent"undelirable feature
of averaging fibier areas which may be: different from those later selected for
tensile testing.




I, DISCUSSION

Baaed on the.ahove considerations, the vibroscopic technique for single
fiber denier measurement is-attractive in many instances*. In it, an oscil-
latory force is-applied to a filament under tension and the frequency varied
until resonance is achieved. Fiber linear density (denier) can:then be.cal-
culated from "he observed values of frequency, tension, fiber-length, and
other parameters, if certain assumptions are made. The major assumptions.
are:

‘a) Uniform lineat density along the fiker.

b) ‘The monient of inertia of the fiber about its.néutral axis
,approxi'mates that of a right circular cylinder of equal
cross-gectional area.

c) The £1ber oscillates as.a. perfectly flexible string

Assumptions (a) and (b} normally present no problem; errors introduced
becauise of these {or the majority of fibers of interest are relatively minor.
E}r:ora arising from the fiber's- npncqn,forr_nance with.assumption (c), however,
ate not'necessarily-negligible.

Fiber linear density (&enq,:j.tj'x cross-sectional area)is calculated f¥om
vibroscope test conditions and results from the following equation:

PA =—o— (1)

in svhich p, A, T, ¢- and f represent density, area, tensioning force, fibex
length, and remonant frequency, respectively, in consistent units. The
‘reasonant. frequency. used normally is the fundamental for the system in
question. 'Equation.(1) is for the ideal case in which the three assumptions
listed aboveraré valid. Correctiong for nonconformance with a$suniption.
(c) aré a function-of both fiber area and: Young's modulul. It is not.intended
to derive the pertinent basic relaticnships here; the reader is 1eferred to the
‘above mientioned journal.article and any complete mechanica text. For or-
ganic tgxtﬂe«ﬁbers of conventional -diameters, the calculated ";stiffnelg‘cor-
rection factors" normally do not.exceed 3% and often-ate nxuch.lower..

Recently, -considerable atteation has:been, puid to-the. mecha dical charac-
terization of graphite fxbers cf veryhigh "Z’oung’l modulus-and-in-extremgly fine
diameters. Deviation frmn auumption (c)was therefme re-examined-since
the vibroscopic technique is used by some: inveatigatorl for mizasurément.of
graphzte fxber denier:

*The V1broacep1c Methodﬂfor Determination of Fiber Cross-zectional Area',

D. J. Montgomery and W. T. Millc-way. Textile Regearch Journal, Vol. XXII.
‘No i1, Novembe" 1952, P, 729, :
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Applying a correction factor for specimen stiffness results in Equation
(1) taking. the form:

=1+ AN ) (2).
ar’s
in which 5
A= 2a + 547 (3)
and . .
a =22l (4).
Lo '

where £ and T are a previously defined, ‘ﬁ.is“f&ung"sj raodalus and.Iis the
‘moment of inertia of.the fiber about its neutral ‘axis.

Typical conditions.for graphite fiber vibroscopy involve 2 2-¢m. gage

length and tensioning force supplied by a.20 mgm. weight: Equation (4)
then reduces-to

a = 0. 0848}/ 24 ’ (5)

in which E is in psi x 1».9'”6 andd {fiber diameter)is in miils.

Combining Equations (2), (3) and {5), and introducing the necessary
proportionality constants, results in

Penier = (L+ 0. 1696E1/2d2 + . 0393Ed4)1 193 (6)
¢

where f is.the fundamental reasonant' frequency in Kc /Sec, using a 2 crm.
fiber and- 20 mgm. tensioning weight.

Equation(6) is not-directly solvable for denier, however, since diameter:
and denier zre related through density, and the calculation of E from tensile
test data is dependent on denier. Iterative procedures can be employed. Also,
iz many instances, sufficiently close approximations for E and d are known
prior to testing to allow calculaiion of an-accurate correction factor (paren-

‘thetical expreuion in Eauation (6)),




Figure I shows. graphically ‘the: relationship’ between correction.factox,
fibe¥ :diameter; and fiber modulus. As an- example,. for a 6- micron.fiber
-of 75 million psi miodulus, the denier-correction factor is ‘approximately 9%,
That:is, the pairenthetical expression in Equation (6) is 1. 09,
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Déenier determinations onthe high-modulus graphite fibers of current

Lo interest will: be low by approximately 5 to 15% unless corrected fos stiffness.

; A correction factor based-on fiber diameter and modulus can be determined
L :and -applied in a relatively straightforward mannezr.
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