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FOREWORD

This remport wax prepared-by~ the, Fibroi Materials Branch, Nonmetallic
U at~riafs DMvision, Air Force Materials Laratorym ,4 wais initiated uinder
Projec 7,320, "Fibrams; Materials f~.r Decelertator. inct Strtxctures"-, Task
732001,r "Organic and Thorganic- Fiberwl'1 , wth~ Walter H.. Gloor as Proj!ct
S ientist.

This repor t was releitaeid by- tli. authaii im A. ri, IT, a,

This techzic&L. irepdrt lkix,.beenr re,{ewed', andE-i; apprbved'.

TAC7&,'H., RO Sse

C ;hfef,- Fibrous Miter1is B~rinqch,

5 ~Air- Foriie. Matew-Us Lab-ratory-



ABSTRACT

ieterminationoffiber, linear density by vibroscopic (Vlbrating string)
tecbhiquei requires a correction for specimn wvtiness when applied to
fine diameter, high modulus fibers. The magnitude of.thii -correction is
discussed, together with the factors from'wi it arises and methods of
calculation.
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f ~I INrTROUCE~oN

Tensilecharateriatiom of-fiamentary materia.s heces sitatesx deiermi-
nation of'some meastireof fiber size. Con~xnonly- eznployed.- size meastiresi
ar4 Aiameterp cross-ectinaI~area.&,, and denier) and-.the-e are, normally de-,
terrnined throu~gh relatively astraig~it1forward iico scopic, planimetric, or
analytical balanice techniquiew. Filament aenir f r cysoL ies(tss
than -1 mil diameter) in diffictilt to. determine: by direct weighing: because ofIthie,*salweigkti,;and/or long, lengtb:ii i.vedv,.. AnapproxrnaiLin can ~be.
obtained for thoie fibertivhicI are; pt f: a multifilamnt-yarfi by dividing,
ya'rn denier by filament count,. Fiberr-to-fiber nontuniformity, ho9wever, intra-

Iduzces uncertainiti es MI~roEcopxIc diametir meauu-reniexnts are lipp~licable-
only to circiilar or .near-cruli 0ies lnmtyxig htrirgah
obtained-from mounted cross,-aescticrn, haji the-inherenit-undesirableJfeatizre'
ofaveraging fibier areas which pay be: different- from, those, lafi-er eec ed:.for

tensile testing.



JI. MISCUSSION

Baaed on the,,ab ove cons iderations, -the vlbroscopic technique for single
fiber denier meaburement is attractive in many instances*., In it, an: oscil-
latory f orce is- appli-ed to a filament -under tension and the frequency -varied
until resonance is achieved. JFiber linear denity (denier), ca nxthen be -ca[.
cuiated'frbin ie observed values of frequency, tension, fiber-length, and

othr parameters, if certain assumptions are mad The, maJor assumnptions-
are:

a)- tniforba linear density along the fiber.
bV)' 'The, morfient of, inertia of the fiber about its-neutral axis-

approxirdates that of a right circular cylinder of equal
eroas-ectional, area.

c) The fiber, oscilbites as-a: perfectly flexible string-.

Asasumritiona, .(a) and (b), normally pre sent nio problem; errors, introduced'
Vbecadse of'thse Sor the majority 'f fibers of Interest are relatively-mihor.-

Erro rs ari sing from the, fiber'si nonconfrmantfce with- assuMption (c), however,
arie nof neceissarily negligible.

Fiber linear density (density x cro- sectional area) is calculated43frorn
viboascope test conditions and results from the following equation:

PA=-- T- (1)

in -*hich P- A, -T, I and f represent density, area, tensioning force, fiber,
length, and rexonant-freqqency, respectively, in consistent unit's, The
reasonant frequency used normally is the, fundamnental for the system in-
que6stion. Equation, (1) is for -the ideal case in, which the three ass'umptionB
listed above-ar4- valid., Corrections for nonconf6irmance with assumrption

()area unction-of both fiber aret and 'Young'io moduldiv. It ii no6t intnded
to derive'the _pertinent -basic, relationships heire;; the reader is keferred to, the
;Obove mentiorid j ournal,article and any, complete me chaftics -text. -For or -
ganic textile, fibers of -co fientional~diamieteri, the calculated '"'ptiffnes x corn-
rection factors" normally do not exceed-3%,anid often a~ie rmuclower.,

Recently, con side rable atteAin has--been-, 4d-to -he zriechRA-acal charac-
ter.atign of graphite fiber's oif verylhigh Yo1tung's m-odulus ,an~d-in-extreiilyfiie
.diameters. Dev Atlon fr&,i.I. aasurnptlon (c-) ,was therefc/,-e rC-e4xamined--since-
'the -vibroscopgc technique is, used by som- irvestlgatorsi for rauentf
graphite fiber denier.

*The Vibrocpic Method'for Determination of Fiber-Crossa-sectional, Area",
D. J3. Montgom4ery and W; .Mllay Textile Reaearch.'Journal, Vol. XXIE,
No6. 11, November:1952, p.729



Applying a correction- factor for specimen stiffi.ess results in. Equation
( 1 ) taking, the forih:

TK ~ ~PA (i+ A)( T
4i21 2

in which
A = Za + 5.47a (3)

and Eo
and= -- (4)4ET

where I and T are a previously defined, I.isoung'S ,miodulus ahdl1 4s the
moment-of inertia ofthe fiber about its neutral axis.

Typical conditionsfor graphite fiber vibroscopy involve a cm. gage
length and tensio rhg force supplied by a. 20 mgnM. weight., Equation (,4)
then reduces~to

= 0. 0848E"-d 2  (5)

in which E is in psi x 10' and'd'(fiber diameter) is in mriE.

Combining Equations (2), (3) arid (5), and introducing the. necesiary
proportionality constants, results in

Denier = (1,+ 0. 1696EI /ZdZ + . 0393Ed 4 1.103 (6)
f

where ;f i.s, the fundamentil reasonant-frequency inKb /Sec, using a 2 cr.
fiber and 20 mgm. tensioning weight.

Equation-(6) is notdirectilr solvable for denier, however, since diameter'
4 and denier ?"re related through density, and the calculation of E from tensile

test data ii dependent on denier. Iterative procedures can be employed. Also,
i:air ny instances;, sufficiently close approximations for E and d are known
prior to testing to allo* calcu..tion of anaccurate, correction factor (paren-
theticl expr.e sionin:Eauatin-(6)).-

3_



Figui!eI shows, graphically -th6e reLitionihip ' between, cor-re ction .facto r,
-fib~r 2diameter-s and fiber maOdulL1. As an-example, for a '6 -rnlcronafiber
of 75 million psi nodulus, the denier-correction-factor is approxirxately 9%.
That is, the parenthetical expreision inEqulation ()i 1 9

F4



MI. SUMMARY

Denier deterxiAnations-on-the high-modulils graphite fibers of current
interest will be low-by approximitely 5 to 1576 uniless corrected for, stiffness.

A correction-factor baxed~on fiber diamieter and modulus can'be determined
:anda pplieid in a, relativrely sxtraightforward manner.
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