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ABSTRACT

A method of measuring Youngfs modulus of elasticity employing
3 sonic techunique is described, Thie method haes the advantage of being
usable over a fairly wide range of temperatures, 18 non-destructive, and
is capable of reproducing values to within Y 1%, An sudio frequency
generator is used to drive a long thin bar suspended by a platinum wire
from a speaker coune, Another wire attached to a variable reluctance
pick-up needle suspends the bar at the other end, An oscilloscope i8
used to detect the resomant frequency of the bvar from the pick-up device,
A simple relationship reported by Pickett!‘ is used to relate the resomnant

frequency of the bar to Young's modulus,
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INTRODUCT ION

The elastic properties of solids must be known ir meny problems
encountered in the Gesigning and englneering of mechanical systems, par-
ticularly these involving vibration and stress analysis, This labaratory
is concerned for example, with the problem of thermal shock. In arder to
know the conditions of size, shape and temperature which must prevail for
a brittle solid to fracture due to thermal stresses, 11;, is necessary to
know the Young's modulus’ of the material as a functicr of temperature.
For scme quite =lastic substances it is possible to meesure strain directly
by pulling ou either end of a bar and noting its elongation, But many
mterials, particuiarly ceramic materials, faill before they show uny
detectable change in length, What should a designer do when he must
measure Young's modulus of such brittle meterials? Even if, by very
delicate measurements, strein cau be detected 1in & specimen by conveantional
methods, it may have been straiuned beyond its elastic 1limit, This is the
situation with many so-called "destructive” methcds, which also have the
added disadvantage of poor precision., Fortunately there exists a method
for determining Young's mcdulus using extremely small displacements which
are well within the elastic limit., This method relates Young's modulus

to the resonant properties of the tested uaterial."2

¥ Young's modulus is the ratio of a linear stress to the strain it produces,

1 Baab, K.E,, and Kraner, H.M., "Sonic Method of Determining Young's Modulus
of Elasticity", J., Am, Ceram, Soc. Vol. 31, 1948, p. 318,

2 Dovt, Contract ¥33-038 ac 16374, Peun, State College.
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DIBCUSSLCN OF METHOD

It is well knovn3 that the frequsncy of & vibrating bar depends
on its length, cross section, lersity, ard Young's modulus, The bar should
be suppcorted to vibrate freely when excited with a periodic driving impulse,
and the resulting resonance detected, 7The resonant freguency of the bayr is
related to the modulus of elasticity by a simple relationship, once the
proper correction fectors have been determined.h In order that the supports
interfere as little as poesible with the free motiou of the bar, it should
be supported at the unodes, i,e., the points cf least motion, Such supports
are usually rigid knife edges; the bar rests on these, is tapped at onme end
by the driver, and excites a phonograph type pick-up at the other eud, Tf
a wire suspension is used it has the added advantage that the suspcuding
vires may act as driver and pick-up, To avoid interference by vibratiom
of the wire, frequencies which are above the strong harmonics of the wire
are used or transverse damping provided for the wire, For purpuses of
measurement at high temperature, 30 gage platinum wire is satisfactory for
supporting an alumina ber through the top of a small electric furnace,

The edvantages of such a system are obvious: Standard electromic
gear (See Fig, 1) is all that is required for measurement, the specimen is
not damaged, and the precision 18 good. The chief disadvantage 18 thet the
operator must have long slender bars of the materiel, made without unduly
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ag 1 g 1ts density in

any region.

3Marse, P.M., "Vibration & Sound”, 2d ed, N.Y. McGraw - Hill Book Co,, 1548,
acd Rayleigh, baron, John William, 8trutt, "Theory of Sound" Vol, T & II, 24
ed, rev, & enl, New York Dover Publisher, 1945,

LbpsTM Proceedings Vol. 45, 1945, Pickett, Gerald, "Equations for Computing
Elastic Constants From FPlexural and Torsional Resonmart Frequencies of
Vibration of Prisms and Cylinders", Pg. 846-865,
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EXPERIMENTAL PROCEDURE

The high alumine bars used by this laboratory were prepered by
grindiang to shape hydrcstatically preseed and sintered bodies prepared by
Soors Procelsin Company (type AB-2 ceramic)., The specimens were cylinders
1 cu. in diameter and 124 cm, long with a resonant frequency of about 4
kilocycles in the first flexural mode, Ease of resonance decreases rapidly
as length to depth ratio decreases, It i8 recommended that dimensions te
chosen 80 the length to depth retio is 10 or more; and thet the frequency
be of the order of Kilocycles - above the sympathetic frequencies of the
vires aud below the iraudible highs,

The experimental setup described below was deve.loped for use om
the Office of Naval Reseexrch Pro.j.ect. The epparatus i3 quite simple yet
precise enough for the values required, Figure 1 is a schematic draving
of the entire setup, The speeker and pick-up were mounted on & rigid
frame supported on resilient padding, and in such a way that they were
adjusteble parallel to the bar, The driving *..'ire was8 tightly secured to
the voice coil of the gpeaker in “he manner shown in Figure 2, (Removal
of the paper cone will prove less uncomforteble to the ear,) Theoretically,
the best results are obtained when the amplitude of the driver is equal to
the amflitude of the bar at the point at which it is driven. This may be
found by trial, i.,e., by placing the ncose of the wire at various points
between the node (C.22 times the leugth from the end) and the end aud
noting the amount of out-put, The proper location is the point of maximum
smplitude. The noose of the pick-up wire should be attached Iiramly at e
position between the other node and the end of the bar so as to produce
the maximum amplitude, Usually this position 1s about 1/3 the distance

between the node and the end of the ber, The pick-up dewice should be
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asserbied as shown in Figure 3. The cartridge must be placed in the
position shown, so that the vibration of the bar and the wire is transmitted
to the needle at an angie of 90 deqrees to the cmrtridge case. Great care
must be exercised Yo avoid kinks in the wire, as they dissipate much
vibratioral energy. If a crystal pick-up cartridge is used the preamplifiexr
1sn't necessary, However, its response drops off rapidiy above 4 Kilocycles,
and a variable reluctance type cartridge is necessary above that frequency.
Of course, shielded cable must be used between pickup, preamplifier snd
amplifier, so that extrrneous osciliating fields are minimized,

Resorance of the specimen is detected by noting tke greatest
amplitude on the oscillioscope as the frequeucy is varied,” When the driver
is suddenly shut off the pattern on the scope should briefly remain if the

true resoanance of the bar is being picked up. It is easy to confuse activity

. of the wires with that of the bar, A good check is to tap the bar and match

its pitch with the audio-oscillator. (Light damping of the pick-up wire
should not drastically effect resonmance.) After the resonant frequency has
been found it i{s meacured with the null bridge freguency meter at the point

where the first harmonic of the wave disappears from the output of the meter

as detected on an oscilloscope. (See Fig, 4) It is desirable to have &
good quality oscilloscope to make precision {requency measurements,

A furnace covstructed of insulating brick and Globars, was used
to heat the specimens, (See Fig., 5) The chember was made as smali as
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heeted pourtions of the Globars were longes then the test bar, parallel to
it, and mounted at equal intervels about the bar. Globars of equal reaistances
were connected in parellel <o a veriable power supply to provide uniform

heating, A thermocouple was mounted with its bead very close to the ber,

*An A.C. volt meter may be substituted for this purpose.
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Sufficient time was allowed for the furtece to reach its equilibrium temperae-
ture at each’selected povwer, Measurements were ervatic unless the system
had reached an equilibrium temperature., This condition could be @etected
by setting the frequency at resonence and noting the abseuce of eny drift

in amplitude,

EXPERIMENTAL RESULTS

The equation of Timoshenko has been solved by Geeuns to give Young's
modulus as & function of the frequency, mass, ratio of iength to thickness,
and Poisaonts ratio for the ber, Picketth has consolidated the solution
into a simple zquation which contains 8 ccrrection factor for which he
provides graphs, A typical experiment lollows:

The folloving measurements are taken on the specimen before
Zastening ;t to the wire suspensions:

m g mwass §f the cylindrical bar « 30.63 grs.

1l s length of cylindrical bar = 12,78 cm,

¢ z s8average diameter cylindrical bar = 0,9484% cm,

The epecimen is then fastened to the support wires at the proper
location and the resonant frequencies found for each temperature. The
following informat{pn is then compiled:

f w frequency (at room temperature) b4,065¥,005

%T ¥ § s ratio of radius of gyration of crose-section to length

of the bvar z ,01855

% = retio of length to diameter x 13.475
T, = Goen's correction factor = 1.C3 (Poisson's ratio)/ s 1/6)
¢, = k.1632 x 10’3(%)3 Tl 28,099 Sec®/in3

* This value was taken from Pickett's graphe.
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W = Weight in ibs, & ,066939

( ' Ez CyW 2 -31.08 x 1° - pet
Figure 6 is plot of resomnant frequencies for the Coors composition
from room temperature up to 820°C. Figure 7 is the corresponding plot of
( calculated ® moduli vetween the same temperatures,
The chief gource of experimental error is the I{requency meter,
; vwhich can be read to within two parts in & thousand or 0.2%., The total

experimental error, considering the frequency meter, size and weight

measurenents, graph readings, etc. is eatimnted as one percent, Thus, the

observed variation in F measurements shown below ig slightly better then
would be expected for separate specimens, The following room temperature

‘ | E moduli were Tound for similar bars of the same shipment:

31,08 x 106 psi

3..713x " "

31,26x " "

L2x

, j At ebout 820°C the resomant peak suddently becomes broad and

, attenuated; the spread in observed values increasing to produce a "buckshot"
§ pattern. Consequently, F modulus measurements of this material cen not be

( ‘ made above this temperature with eny assurance, Iowever, this temperature

corresponds to that at which the plasticity and Poisson's ratioc both increase

i
! l : rapidly, indicating the upper limit of eimsticitvy.
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SUMMARY

A method of measuring Young's modulus of elasticity by @ sonic
technique has been described., The method may be used to ob*tein volucs over
a fa'rly wide range of tzmperatures, i8 non-destructive and capable of
rcproducing results tc within# 1%, A typicel experiment hos been outlined

and results shown for Coors type AB-2 ceramic - high strength alumine,
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! GEMNERAL RAD/IO TIYPE 1TO2 - AUDIO OSC/ULATOR W/i7h 600
f TO00 OMAI OLTPUT /MPECINCES 7O 2 £ 1 RESAECTIVEL Y
R AUNO AMPLIF/ER
X LLECTRO - DYNAMIC TYPE SPEANER WITH 0.4 ONM VOICE CO/L
4 CAGE ~-JO PLATINUM SUPPORT WIRES, EA ABOUT /0 INCHES LONG~
S SPECIMEN (CYLIINOER)
6 PICK P, A4 GENMERAL ELECTRIC VARIABLE RELYCTANCE PHONOGRILI
CARTRIDGE WITH SHIEDLED CA8LE 707
7 MEATHINIT PREAMPLIFER - MODEL WA -PL .
8 MEATHAIT LO W ATT ANIPLIFER, ATODEL A-F
9 CATHQOQOE RAY OSC/{LOSCOLrPE
/0 VACUUAY TUBE VOLTAMETER
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FIG.1 SONIC MODULUS OF ELASTICITY APPARATUS.
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