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a. Figure 3, Reduction coefficients
b. Figure 4, Furnace time -~ temperature curve.
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T,  UPERATION OF iHE BLASTOMAT

-

A. Locatisr «f the Elastomat

{ne Slastomat should be located in a vibration-free, quiet room. It is
suggested that the excitation system be placed on a separate table so that
the power line hum and the operating distrubances from the oscillator
comporient are not mechanically transferrsd to the excitation system. A
foam rubner cushion beneath the excitation system also aids in damping
toublesome mechanically vibrations.

The two electronic components - the oscillator unit and the counter unit -
can be placed either next to each other, or one on top of the other. In
the latter case, a piece of sheet metal must be placed between the two
instruments so that the warm air emitted from the bottom instrument does
not enter the top instrument. The distance of the sheet from the bottom
instrament must be at least 1 inch.

Both the oscillator and counter components operate on 220 V. The voltage

is supplied by the separate 110/220 power transformer unit. The Elastomat
mst be grounded., A suitable ground wire should be applied to the grounding
sleeve loacted on the oscillator. The instruments are fussed by 2 Amp. 3

AG fuses.

B, General Information Concerning the Instrument

The 8-pin piug from the oscillator component is connected with the corres-~
ponding receptacle of the counter unit., Cables (32 & 42)%* of the receiver
and transmitter transducer (3 and 2) are connected to the similarly marked
receptacles on the back panel of the oscillator unit., The units may be
turned on by pressing any one of the keys from the row of keys (16 or 29),
however the key marked "control" on the counter unit and the '"damping
Control" on the oscillator unit are preferred. These positions will allow
a check of the proper operation of the instruments, When the units are
turned on, the power line signal lampes (12 and 31) should glow. Further-
more, the thermostat lamp (30) will indicate that the teuperazture control
of the crystal oven is operating. In this oven is located the highly
constant, temperature compensated 10 KC gquartz crystal which gives the
time basz for the frequency measurements.

Exactly timed pulses at 1 or 10 second intervals for the gate control of
frequency counting are obtained by means of a frequency divider. These
pulses are also available for external contrcl at the "1 and 10 second"
receptacle on the back panel of the counter. They have a time period of
27 4 seconds and a peak of 13.6 volts. The output load must be nigher
than 50K ohms. The 1OKC frequency of the control quartz crystal is
available from a higsh impedance output, with a voltage of about 30 volts
(RMS). The counter may be used to measure external frequencies up to
30KC. This is done by applying the signal voltage of 3 to 6 volts (RMS)
to thne "counter" jack.

# Refer to photographs
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C. Checking of the Counter Unit.

A warm-up period of about 10 minutes is required before the instrument can

be chaecked. The counter "control" key is turned on. In this position, the
LUKC frequency of the quartz crystal is connected to the input of the counter,
After a conplete measurement period of 10 seconds, the counter should indicate
exactly tne ralue 00000,

This value will remain for about 8 seconds, is then erased and the counting
process will again be repeated.

D. Checking the Triggering Points for Damping Measurements.

Turn on the "damping control" (16) on the oscillator component and the "damping"

(29) on the counter; pull out the “generator amplitude™ control and adjust it
until the pointer of the meter points to 10U scale divisions., If one slowly
dscreases the amplitude, then the upper counter should start counting when the
meter pointer reaches the red mark A2, At the lower mark Al, the counting is
stopped. In case it is necessary to adjust the triggering points, the controls
marked "A1" and "A2" (26 and 27) can be adjusted with a screw driver. Care
mus§ be taken that the adjustment is made in the A2 (turn-on point, amplitude
=1).

THE SAMPLE AND THE EXCITATION SYSTEM.

A. The Sample

In order that the natural frequency of the sample (1) be in the measurement
range c¢f the Blastomat, it is necessary to make the sample rods approxinately
100 to 200 mm long and 8 to 20 mm thick. The nominal size is 160 mm long and
10 mm in diameter. In case of transverse vibrations, the frequency is pro-
portionsl to the edge length "a" of the test rod and to the diameter of round
tast rods (see sketch).

| ;L A
e : § 0 ZL
3 T ) T

Direction of Vibration

Thus 2 rod with a rectangular cross-section will generally give two different
frequencies for the fundamental of the transverse vibration. Even for rods
witli 31 square cross-section, the edge lengths differ slightly from each other
er it the dilmeter of a round rod deviates in any direction, two resonance
freguencies will zprear which are clase together, iving a rescnance curve as
showa in the sketch.
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Tris complicates the measurement and decreases the measurement accuracy,
since now hhe natural frequency is no longer exactly defined. Furthnermore,
if the two frequencies lie close together, beats can ap ear, which will be
Lroublescme especially during the damping measurement. During free vibration
of the rod, the vibration energy will transfer back and forth between the

two vibration directions and will cause a variation of the amplitude decay
curve (sse sketch)., Therefore it is advisable not to use test rods with
sques + cross sections. It is best to work with round samples. To facilitate

Amplitude

e

N Pl
Time

A

mounting the sample and to determine the direction of vibration, a small
flat surface may be ground alongz the rod.

The distance between the two suspension wires (37) on the excitation system
i3 zdjusted according to the test rod length. This distance may be directly
obtained by measuring the test rod length using the ruler (34) and then
zijusting the movable supporting plate (40) to corresponding leng;th on the
scale (38). The susvension wire will have the correct spacing for the nodal
points of the fundamental in transverse vibration. (Nodal points are 0.2242
times the rod lengtl: away frow the ends.) The test rod must be supported
syimmetrically on the two wires. The laterial supporting points are not
critical, however.

B Toe Transducer uystems
a. Piezoelectric Trunsducers
Tre piezoelectric trai:sducers should be moved on the magnet holuers such
that Lhe wires for the mechanical energy transmission lightly touch their

ends tc the fuces of the test rod, approximately 1-2 mm away from the
ad;e of th: faces. Favorable conditions are obtained when the wires are
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s1ightly powed and flexable when pressing against the test rod., The most
suitabla wmechanical coupling can be selected with the aid of the two fine
adjustment screws (33) after the resonant frequency or its vicinity has
been a-tained. In order to prevent slipping of the wires from the test
rod, small indentations can be made in the test rod with a punch or the
wire tips can be mounted with wax. It is also possible to weld the wires
to metallic test rods.

The two transducers are completely similar and can therefore be inter—
changed. The energy transmitting wires are mounted in shellac. when
exchanging or replacing the wires, the protecting caps (44) from the
transducers should be removed and the small tubes carefully warmed
(soldering iron, small flame)., The wire can then be easily pulled out.
The small tubes can be cleansd with a small brush and alcohol. The new
wires should be remounted in shellac.

b. Electromagnetic Iransducers

The electromagnetic transducers are connected in the same manner as are
the piezoelectric systems. The electromagnetic transducers are similar
and interchangeable., However, only ferromagnetic- specimens can be
excited and only into longitudinal or transverse vibration,

Longitudinal vibration is brought about by placing the transducers on
the holders about 1 mm from the end of the test rod. The measuring
procedure is the same as used for the piezoelectric system.

Transverse vibration is obtained by attaching the transducers to the
mounting blocks (45). Then, in turn, they are pcsitioned over the ends
of the test rod at a distance of about 1 mm.

In order that direct electromagnetic coupling between the transducers
may be avoided, the laminations of each transducer must be positioned
30 they are mutually perpendicular.

An advantage of the magnetic system is that only the desired mode of
vibration and its harmonics are excited. Furthermore, since the
coupling is countact~free, no additional damping is encountered. A
disadvantage, however, is that torsional vibration cannot be excited
since the system doss not have a tangential force component,

C. Suspension Jystems

Proper tension on the syspension wires which support the sample is obtained
by means of tightening screws (35) and clamping screws (36). When replacing
wires, the new wire is first attached to the back clamping screw, then placed
in the two notches of the bridge and pulled across the lug, them wound once
around the front clamping screw and finally wound around the tightening
screw, After the wire is sufficiently tightened by means of the tightening
screw, the front claumping screw can then be tightened.

III. MSASURENSNT OF THE RESUNANT FREGUENCY.

The free vibration method of determing the wmodulii requires that the resonance
frequencies be known. Two methods of measuring these frequencies may be enployed
by the Elustomat. These are: T
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L. woeporate excitation by means of the oscillator,
2o velf excination of the rod by means of positive feed-back systemn.
A. Separave Iacitation.

Separate excitation of the test rod is normally us2d and will generally
produce satisfactory results, 4ll three mcies of vibration, transverse
torsional and longitudinal, can be excited by this method, if the specified
rod dimensions are used. This is possible because the thin coupling wires
will always have o component in the desired mode of oscillation. As pre--
viously mentioned, the optimum excitation conditions are obtained by
adjusting tl.e transducers or by suitable positioning of the coupling wires.
Yorsional vibrations may be more easily obtainad with a coupling which is
perpendicular to the rod., This is done by placing the magnetically held
trorsducer units (2 and 3) on the blocks (45), which then are placed ad-
Jacent to the test rod. It must be pcinted out that the finding and
adjusting of tas proper sxcitation conditions require a degree of exper-
imental experience, because the changing of electrical energy to mechanical
energy and back to eiectrical is a critical matter.

The most suitable adjustment is achieved when the control for the "receiver
amplitude™ (19) is turned up as far as possible (positions 8 to 9), while
the "generator amplitude" (14) remains small (at pocitions 2 or 3). This
arrangement will avoid distortion of the coupling wires., 7The built-in
push-pull switch of the amplitude control serves for a greater range of
adjusiment of the awplitude in a ratio of 1:5.

In the event that external interferring viorations (acoustic interference,
for example) are a problem, the arrangement is made less sensitive to
interierence by rzducing the rec2iver amplituae and increasing the generator
amplitude. Thus an optimum adjustment between the receiver and generator
amplitude is obtained depending on experiumeital conditions,

The fundamental resonant frequency of transverse vibration is always the
lowest frequency. For metals, it will usually be in tne first frequency
range of .6 to 1.3 KC. Assuming of course, that the test rod is of nominal
dimensions. Its iuentity can be checked by its overtones whose multiples of
the fundamental freguency are given in Table 2. The approximate resonant
frequency of'longitudinal vibration can be calculated from the transverse
fregquency accordin; to 3Zquation © and the torsional frequency is approx-
irmately 304 below the longitudinal frequency. Harmonics of these modes,
which are integer multiples of the fundamental, can also ve used to help
ildentify their fundamental frequencies.

The sxpected resonant frequencies of many materials can be approximately
determined with the uid of Table 1, thws saving time in scanning. Wwhen test
rods are of unknown characteristics, it is necessary to search through the
entire frequency range, from 16 to 25 KC. The entire spectrum of resonant
frequencies must be recorded. Thereupon, a couparison of frequency ratios
can determine the fundamental and harmonics oi the various vibrational
nicdes,

When the rescnant frequencies are to be determined by means of separate
exclitation, the expected frequency ran<e is selected b, the upper lef* knob
(22), and the "separate" countrol is selected. This frequency range can then
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ve scanned by switehing on the motor drive (17) of the osecillator. &t the
same time, the vuilt-in oscilloscope is observed. The apgproach of a reson-
ant point iz heralded by the appearance of an elliptical pattern on the
oscilloscope screen, whereupon the motor is switched off and manual adjust-
ment (20) is wade to a maximum meter deflection. An approximate value of
frequency is given by the oscillator scale (23). The exact frequency
however, is obtained from the counter., When a measuring period of one
second is used, the measuring accuracy of the frequency is 1 cycle, however
with a 10 seccnd measurement period, the accuracy is .1 cycle.

In the operating position of separate excitation, the AC voltage from the
receiver is applied to the counter, therefore the frequency appearing is
the actual rod frequency. If, for example, the rod is excited by 1000
¢ycles and a figure eight on its side appears on the oscilloscope screen,
the counter will indicate 2000 cycles. The rod, therefore is being
excited by the sccond harmonic of the generator.

The meter (21) deflection must be larger than 35 divisions before the
counter will respond and measure the frequency. This is achieved in most
cases with the available amplitude. If the indicated rod amplitude on
the meter does not reach 35 divisions, due to large damping, excitation
of harmonics, etc., the frequency may still be measured.- It is done by
pressing the key marked "frequency measurement" (16). This adjustment
applied the RC generator voltage directly to the counter. JSince at
resonance, the test rod and the generator freguencies correspond, the
counter will indicate the rod frequency.

The piase of the two deflecting frequencies for the oscilloscope can be
varied independently of the excitation, in the case of "separate excit-
ation" or "frequency measurement”. After the excitation frequency is

ad justed to resonance, the "phase shift" control (17) can be adjusted so
“hat a slanted line appears on the scope. This gives a sharp criterion
for frequency changes and adjustment.. It is of particular use for
measurerents over a long period of time, For example, changes of the
modulus due to temperaiure, will change the resonant frequency and will
recuire the adjustment of the oscillator to a new fregquency.

B. OSelf Zxcitation

In many cases, it will be possible to determine the various vibrational
modes by means of natural or self excitation. The arrangement forms a
fecd-back system in which the test rod is the frequency determining
element. The method has an admantage in long term experiments, since the
frequency does not require readjusting. Self excitation is obtained by
pressing the corresponding key (16) and adjusting the phase angle control
(18) to the most suitable feed-back conditions. The phase control is
equipped with a push-pull switch, which will shift the phase by an
additional 1800,

Excitation is obtained by carefully increasing the generator and receiver
amiplitudes from zero. At the same time, the phase angle must be corres—
pondingly varied, until exc¢itation occurs.

The amplituce of the feed-back system is stabilized by a built-in control
that is independent of the adjusted amplification, that is the position
of the generztor or receiver contrcl, The amplitude will stabilize at a
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-ittle over 100 divisions on the indicatin: meter.

If excitation occurs suddenly without stabilizing itself, then the coupling
of the wive: is not suitable or stable. It is alsc possible that several
modes are simultaneously excited, eventually one will dominate. In any
case, measurements are possible only when the meter indication is proper
and an ellitse appears on the oscilloscope screen.

A disadvantage of this method is that the oscillation will be excited for
whicn the feed-back conditions are most suitable. It is, however, worth
while to experiment with the coupling or the phase adjustment, to get
proper excitation. Unce this correct adjustment is found, very exact and
convenient measurements are possible, which do not require frequency or
aplitude readjustments, even in cases where considerable changes in the
modulii or damping occurs.

Ce Determination of the Approximate Resonance Frequency

It is frequently practical to determine the approximate expected fre-
quencies of a specimen, therefore saving time consuming scanning work,
Tapie 1 gives the rescnant freqguencies for samples of several materials,
having the dimensions of 10 cm in length and 1 cm in diaweter. From

these veiues and the proportionalities la, 4a, and 7a the approximate
frequencies isay be computed,

If the material being investigated does not appear in Table 1, the
following simplified expressions will also give the approximate resonant
frequencies.

a. Longitudinal Vibration

The frequency of this mode of vibration is given by:

Y4
.)(p= p_____V,@ ¢ —]-'...-

2 y; (1)
where:p is an integer multiple of the fundamental (p 1,2,3, ...).

is ths length of the. best rod

vg 1is the velocity of sound and is given by:

vg=\/§/; (2)

where: B = modulus or elastiecity
= density

therefores
4 1

fla /ﬁ (1la,
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Transverse Vibration

For <jeecimens of circular cross-section the transverse
resonant frequency is given by:

t _ 2 vy d
(o)][p mpgw 72 (3)

whers : d = diameter

m2 = a constant depending on the overtone, Several values
are compiled in Table 2.

The ratio mi/mi given in Table 2 is the factor with which the

fundamental frequency is multiplied to obtain the (p-1)th
overione.

For specimens of rectangular cross-section

t v a

:.—.IZ . \
‘@ 7[p Y Ta/3 X2 (4)

wWhere: a = length of edge which is parallel to the
direction of vibration.

For rectangular rods the éymbol(u)is used as an
index, and for round rods the symbol (o) is used.

Therefore:
t d
(0)7[1 a 73 (3a)
t
@l @ = G

wken a = d the transverse frequencies of a circular rod and
rectangular rod are related by:

(0) /[pt I /ft (5)

(@ “p
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The longltudinal frequency can oe cbtained [row the transverse
Irewuamicy by the following expressions:

i

7[£ TS 4 t
1 d (o)jé

(6)

L2
7( LBy L J[’C
71 a (@1
¢c. Torsional Vibration

The torsional resonant frequency of a circular rod is obtained
{rom

tor o -
{ = £ Vtor . l ,7\
(o) /p 2 7 \f

G/p (8)

wnera: V‘tor

G = shear modulus

thnercfores

][—tor . _E%_ (7a)

For rods of rectangular cross-section, the right side of
Ea.(7) wmust »e mltiplied by a factor Lk, which is a function
of tiie rodts cross-sectional dimensions ratio a/b. These
factoers are _iven in Table 3. The torsion frequency of a
rectanguliar rod tuerefore is

Lor
= K . PV 1
(n).7é h(a/b) 2tor § (9)

IV, DEISRMINATIUN OF THE DYNaMIC ZLasTIC MUOULUS FRuM I'HE RESUNANT FREGUENCIES.

A previsus section was concerned with determining approximate frequency values.,
Now. since the nmecsuring wccuracy of the Elastomat 1s very great it will be
necessarv .0 Lake into account factors which were omitted in the simplified
eXUress 1o,

A, Derouulus from Lomzitudinal Vibration
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The solution of Egs.(l) and (R) gives the Z-modulus from the longitudinal
ireunency

B = 4.0775 - 10-8 p g2 (/1)2 (10)
1

where: E* is in Kg/mn, £ in cm, and © in g/cm3,

If tr. weight P in grams is substituted one obtains for a circular rod

>
E=5.190x1089 £ (£%) 2
d2 1 (10a)
for ihe rectingular rod:
E = 4.0775 « 108 p 4 442
as A7) (100)

Greater accuracy in the calculation of E is obtained from the longitudinal
fregquency wlhen the effects of shape, size, and Foisscn's ratio are taken
into account., This is done by multiplying the right side of equations 10,
10a, or 10b by the correction factor k., This factor is given for circular
cross~section as: '

£
2 \K = l -+ d . . 2
for rectangular cross-section as:
o1 Lz_z_h_ . 8227 4 (11b)

3., Z-Modulus {rom Transverse Vibration

The fe-modulus is obtained from the transverse fundamental frequency by
tne solution of Eg. (3) or (4).

L t \ <
- \ - €L
E=1.284 « 1078 -l <(O)]{ ) (128)

— e | , i et e

# The conversion factor to change hg/mme to psi (los/in2) is 1422.28 psi,/Kg/mm?.
For exnuple B-modulus of iluminum 1s approximately 7040 kg mm<, In psi,
thersfore, B = 7040 Kg/um? x 1422.28 psi/kg/mm = 1C x 100 psi.
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| y, L Vs AN
o= .g6u7e - 1078 €2 ][ (12b)
a” k(ﬂ) 1

) CLo= g . . - .
If trne weigit F (in grams) is substitutzd for the density then

2
0o . 108 P[4V Ve .
1.6379 - 10~ L GEH) . <o)ﬁ) (120)

N <
= (o4 - -5 P ﬂ /
o/O/~478 10 .5. . (._é:_.fo k(u)ﬁ > kl;d)

Asain the sifect of size, shape, and Poisson's ratic is taken into
account vy the correction factor K which for a circular rod is

o)
i

=

s 2 0 o E L , B

k. = + .C92 + .8 - d 72 & .
(o)fs = 1 ]2% . (3.09 54 71) oo 22y (13a)

and for a rectangular is

T ) ) L

K, = 1+ _a° , 250 .« B + —_ .
- 2% . (4.123 + 1.230 - Ey —(é) . 4.7 B

’ X2 ¢ z  (13v)

where E/G = 2 (u+ 1)
C. Ohwar Modulus frow Yorsional Vibration
The snear wodulus is determined from tne torsional rescnant frequency
and oy soiving Egs. (7), (8), and (9). For round rods

. o tor 2 \
GE 4.UTT5 . 1076 5 p2 ) (14a)
| (A

for rectan.ular rods
o

) 140)

T = 7 o . -8 ¢ : *
(r LeWaQuy 10 F(a/b) €,£2<(n) ][l
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If, again, th2 weight P is substituted [or the density'F>, (L4a) and (14b)
tesovme

"

-2
a

5.1916 « 108 P Jg' tor \R
(o))g (l4e)

o= G . "'8 . tOr 2 )
BT Leddh s 107 F o) d EgS' <ﬁ(u) fg. )(lhd)

+ . N . . /
G from the above equations will te in kg/mm.

D. Utheo Correntlion Factors
s. Btffect of Tnermal Expansion

The influe-.ce ol thermal expansion of the test rod at nhigh
tenperatures must ve corsidered when exact measurenents are required.
This is accemplished by multiplying Zgs. (10), (13), cr (15) by the
facter F(t) where

1

F(t) - T e (15)

where: a = coefficient of therumal expansion

i

t = temperature
b, dEffective Uiameter of a Tubular Specimen
In the event that the specimen is a hollow tube witn an inside

diameter of dj and an outside diameter of dp, the expression 16
must be substituted for d in the appropriate equation

2 2
d = dT + d -
N/ 1 2 (L6)

DETERMINATION OF PULSSUN'S RATIO AND THE VELOCITY OF SUUND
4, Porsson's Ratio

Poisson's ratio can be obtained from E and G by £q. (17) or directly
from the frequencies by Zgs. (17a) to (17b)



m=1/2 B/G -1 (17)

o
e [ A

circular rotic: 5

m= L ;tor\' -1 (17a)
(o)fg
t &
| Ny
L= 157 (.%.) RO R (1)
(o)fi
rectangular rods / 2
je = 240 '/ 1?( N
F (a/b) ( )Ftor -1 (17c)
@/1
£\2
2 ; |
-l ":ELT) ' leor -1 (17a)
(a/0) @/ 1

.
B. Velocity of Sound from the Resohant Frequencies

The velocity of sound may ve computed from transverse or longitudinal
resonant frequency by the following relationships:

a. Longitudinal frequency
- - A
VZ = 2/ ]i (18)

b. Transverse frequency

(circular rod)

t 8 —  (0)/1 (19a)

¢ = (oA (15)
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EVALUATION OF FREQUENCY MEASUREMENTS AND RESULTS

A, Damped and Undamped Natural Frequency.
The above squations which contain the natural frequencies of a test
rod are thecretically correct only for materials without internal

damping. The natural freguency without damping and with damping
fo are related in the manner of Eq. (20).

fo 1
;f, N1+ (QQFYQ (20)

Therefore Eq. (10), (12) and (14) may be corrected by multiplying with

tne factor
5 )
+/.0 -
1 (20 (21)

where: o = damping constant or logarthmic decrement.

g

However, the effects of (21) on the measured frequencies are very small
and can be neglected in practically all cases. Even when damping is .05,
the deviation in frequency is only .06%.

B. Adiabatic and Isothermal Modulii

The dynamic measurement of this method does not allow thermal diffusion
within the specimen during the time of a guarter cycle. Therefore, the
E-modulus determined from the above equations is the adiabatic Z-modulus,
Ey. This modulus is sligihtly larger than the isothermal E-modulus, Ei,
obtained by static messurements., The relationship between the adiabatic
and the isothermal modulii is given by

a 2 )
= 1+ a<T a
. 22
E; o (22)

where: a = coefficient of thermal expansion

=]
I

= absolute temperature

(@]
!

= gpecific heat at constant pressure

€ - density.
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LalPING B8 UHEMENT.

A.  Damplre: “rom the "N" value.

The te:zt ro. is brougat to vibration by either self or separate excitation
and the ampiitude is adjusted so that the deflection on the meter is larger
than 90 divisivns. ilowever, the ellipse on the oscilloscope screen must
still lie within the screen range, so that overloading of the tubes does not
occur. The counter unit is switched to "Damping" (29) and the actual mea-
surement is made by pushing the button "Damping Start" (25). By so doing,
the enerzy fed to the rod is interrupted and the rod amplitued decreases
expeonentiaily. The oscillations which take place while the pointer of the
meter is betueen the red marks 42 and Al, are now counted and can be read
from the counter. This is the number of cycles counced as the amplitude
aecays from tn= value A to A/e or to 36,74 of amplitude A. The reeiprocal
value of this number "N" will then give the damping constant or the
Ingaritiuic decrement.

o = L (23)

Thz button M"ixeiting" (24) will return the counter to zero and the rod
will again begin to vibrate. Thus several msesurements can be carried
out in a short time, and will give a relatively accurate average value

Gl danging.
B. Damping from the Width at Half-haximum of the Resonance Curve, :

If the meter deilection cannot bg increased to above 90 divisions, the
damping can still be determined from the width at nalf-maximum value of
the recunance curve. The value is obtained simply by finding the resonant
fraquency at which the meter will indicate maximum amplitude and then
Loezting the two frequencies, avove and below lhe rescnant frequency, at
which the amplitude has decreased to hall of the resonance amplituds.
Danping is then obtained from the difference of tue two freguencies and
the rssonant frequency by Bg. (24).

o = 1.8136 s f (24)

g

A possible source of error, in tiis method ol measuring dauping, umay ve
due to the mechanical damping, at the supports ol the test rod. To
minidze this, the test rod must be suspended as exactly as possiple at
its nodal points. The scale on the suspension systei: applies orly to

the fundamental ot transverse vibration. Nodal points for the various
overtones and harmonics are given in Tables 5 and 6. The nodal distances,
in werms of rod lengths, are given from the end of the rod.
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<. Prevaring a Circular Test Rod for bamping Measursments
) 2 (=]

Whenever damring nessurements are to be nade on circular rods, it is
wdvisable to ,rind a flat surface on the rod. The weasurement ol transverse
frequency inu tuils case must be made vefors the surface is yground, or if it
is measured with the ground surface, the frequency ma; be corrected to

that of an unground rod uy the reduction coefficient R (h/d). Table 4-
gives values tor the coefficient R (h/d) for several ratios of h/d. It is
nleo ahown grapihically in Fig, 3. Values are for sround surface in the
direction of vibration RII and perpendicular to that direction RI,

Tnerarore the corrected frequency is

(b Ay
. N = R ;f (ground rod) (25)
(o) ,[1 | 1

and way Le substituted in Bg. (13a) or (13c).

VIII. CiRCUIT UBSCRIPTIUN

The circuit of the Elastomat will be explained through simple blocx diagrams.

Figure % illustrates the Zlastomat set up for "separate sxcitation". The variable
frequ=ric, ouciilator supplies a driving voltage to the sending transducer. The
transducer converts the electrical oscillations into mechanical vibrations and
couples them to the sample, At the other end, the mechanical vibrations of the
sample ar¢ veconverted into electrical signals by the receiving transducer.

These electrical signals are amplified and their amplitude is indicated on the
meter and displayed on the oscilloscope scraen.

The ampliiied siznal 1s also applied to the counter unit, which counts the fre-
quency. Ac explained in tne text, if the signal from the amplifier is too weak
to cperabe the counter unit, the "frequency measurement" button is pressed,
which connects the counter unit directly to the variable frequency oscillator
(dashed line) instead of tc the amplifier., In this case the counter counts the
number of cycles per second of the oscillator directly. )

In Figure ¢ tne self excitation system is illustrated. The feedback amplifier,
in conreetion with the sanple and transducers, forms an oscillator circuit. The
fregquency of oseillations is determined by the rescnant frequency of the saumple
a8 explained in the text. The receiving transducer is connscted to a second
amp:fier which works into the meterin; circuit and the oscilioscope circuit.
The frequenc;” counter counts the number of cycles per second ol the csicllation
freguency.

In damping reasurenents, cither the basic circuit of Figurs 5 or Figure G may
by used, og aesired. As explained in the text, danping neasurements are made
by interruciing the excitation to the sample and counting the number ol cycles
that it takes for the amplitude of oscillations of thie sample to decay from a
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refares~e amplitude to 1/e of this amplitude. Thus the block diagrams for damping
mez:urcments are identical with Figure 5.and Figure 6 with the addition of a
switcainy circuit that starts and stops the counter at the proper signal amplitudes.

A orief descriptiou of the circuit of the main electronic component shown in
Drawing No. follows.

The power supply includes a voltage regulating power transformer and a separate high
voltage transformer for the oscilloscope tube., Full wave bridge selenium rectifiers
are used for the b* voltage supplies, V7 and V8 form the variable frequency oscill-
ator circuit. The signal from the oscillator is amplified by V5 and V6 before it is
applied to the sending transducer. The signal from the receiving transducer is
auplified by V1 and V2 before it is measured on the meter and by the aduitional
stages V§ and V1U before it is displayed on the oscilloscope tube V1l. V3 and Vi
are additional amplifyin. stages used when the "self excitation" nethod is enployed.
A nonlinear resistance marked K1 100 in the cathode of V4 helps to stabilize the
~amplitude of the oscillations in the '"self excitation! systeni.

The chart at the lower ri nt of the drawing indicetes which switches are closed by
pushing the various push outtons on the {ront panel.

A brief description of the circuit of the counter unit shown in Urawing No.
follows.

Two voltage regulated power transformers are used. Again [uil wave vridge selenium
rectifiers are used for tne B supplies.

V1 is the crystal controlled 10 KC oscillator that serves as the time standard for
the Irecuency counter. The crystal is shown twice in the drawing, once at the upper
left tc show its function in the circuit and at the middle left to indicate its pin
connections. V1 is the crystal oscillator tube. V2, V3, V4 and V5 perform aupl-
ifying and wave shaping functions for the first series of decade counters. V6 and
V7 are the tubes in the first decade of this counter. The purpose of this series

of counters is tou count the frequency of the fibrations of the sample.

V16, V17 and V18 are awplisiers and wave shapers ior the second series counter
decades. The purpose of this series of counters is to generate timing signals that
accurately control the period of counting for the iirst series of counters (one
second or 1O seconds, as desired). These accurate tining signals are obtained

by counting the cycles of the 10 KC crystal oscillator. The output from this
counter is amplified and shaped by V29, V30 and V31l to control the first counter,

The first series of counter decades (V6 through V15) is the one that shows on the
front panel. The second counter series (V19 through V28) is for timing purposes
only and is not visible without removing the chassis from the cabinet.

The key a: the lower right agzain snows wnich switches are closed when the front

panel puttons are pushed.

IX, OPERATING INSTRUCTION, FOR THE ZLASTOMAT FURNACE.

The two-piece furnace s=2rves [lor the investigation of specimens at temperztures up
to 10009C. The furnace is constructed so that the electric heating elements in -
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the twe portions completely surround the test compartment. In addition, in order
that o constant tempsrature is assured over the entire sample lenght; a special
specimen chamber is provided. -

The test rod should ve of a circular cross-section, having a maximum length of

170 am and a maximum diameter of 15 mm. It is suspended by means of two wire loops
from the upper portion of the test chamber. The loops are placed in the 15 mm wide
grooves and always located so that the sample hangs from its transverse fundamental
nodal points. The length of the loop is adjusted in order that the center of the
test rod is 1 to 2 mm above the center of the test chamber. For high temperature
work, the use of platinum wire .15 to .2 mm in diameter is recommended.

The transducer mounting devices used on the standard excitation system are used with
the furnace. They are removed from the dovetail guides after the limiting screws
have been unscrewed. They are then placed on the corresponding guides of the furnace.
A special transducer arrangement is provided for furnace use. It has a longer
coupling wire mountin; tube which permits the wire to be guided, contact-free,
through the opening of the test chamber. Excitation of the specimen 1is accomplished
by attaching the coupling wire to the suspension loops by means of little hocks

which may be bent at the end of the wires. The coupling wires are arranged in a
slightly declined fashion without contacting the sample or test chamber.

At the begiuning of temperature experiments, the transducer mountin; device should
be adjusted so that the thermal expansion of the rod can be compensated by means
of the "fine" adjustuent screw. The udjustment screws are first completely turned
in, then as the tempsrature increases, the coupling wires are slightly tightened
from time to time. In this manner an optimum condition for energy transfer is
maintained. This operation is reversed when the temperature decrecases to coipen-
sate for thermal contraction. This contraction may pull the wires from the
suspension loops or displace the suspension points.

The furnace tenpercture should not exceed 1000°C. Furthermore, to protect the
heating elements wien operated above 850°0C; the line voltage must be decreased to
about 95 volts wna the current to about 10 amperes. A nickel-nickel-chromium
thermocouple is locuted in the lower test chamber for temperature measurements.

Techrical Datas

Voltage - ilO v

Warm-up load -~ 1.5 Kw

Max. Furnsce Temperature - 1000°C

Voltage at 1u00OCC - 95V

Load at 1000°C - 1 Kw

Warn-up Lim: to 1C00°C ~ 2 hours
. Max. tect rod length - 170 mm

Max. test rod diameter ~ 15 mm

i Al gbersi

Xe  MISUELLANY - PHUTOGRAFHL, TABLIS, CURVAS
Thetograph Leends

. Tect wpecimen
Excitation transducer
. Receiver trausducer

. lransducer ncluaer

v
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»n orting and coupling wire tube

Upuer pertion o1 test chamber

Kurnace. up;er part

Lower portion of test chamber

Trermocouple

rurnace, lower part

Focus control for oscilloscope screen
Powar line signal lamp, oscillator unit
Uscilloscope screen

Control knob for the generator amplitude
srightness control for cathode ray tube
Uperating keys

lotor switch

rhase adjustmsnt control knob

Ampiitude conbrol knob for receiver
Frequency adjustment "fine"

Amplitude indicating meter

Frequency adjustment "course'

RC generator scale

Excitation"button for damping measurement
"Start" button for damping measurement
Control screw Aj. lower turn-off point adjustment
Control screw Ap. turn-on point adjustment
Counter decades

Operating keys of the Counter unit

Bignal lamp for the thermostat

Power line signal lamp

Connecting cable

Fine adjustment screw

Scale for locating fundamental transverse nodal points
duspension wire tightening screw
Suspension wire clamping screw

Suspension wire

aAdjustment mark Lor nodal distance
Tigntening screw for movable dovetail guid support
Dovevail guide support (movable)
lizhtening screw for the transducer holder
Connecting cable

Liniting screw

Protector cap

Transducer mounting block,
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TABLE I

Re=onant Frequencies for Sample of Circular Cross Section

Length = 100 mm, Diamster = 10 mm

Material ){1°n8 f’trans f’tors
1 1 1
d = 10 mm

Aluminun 25,200 L,488 15,400
Al minum-Oxide 48,000 8,546
Artimony 17,000 3,027
Lean 6,000 1,068 3,500
Cadmium 12,000 2,136 7,440
doonite 7,800 1,380
Iron 25,850 L, 601, 16,150
Ivory 15,050 2,680
Plastar 11,550 2,060
Glass,-Flint 20,000 3,560 12,800
Glass,~Crown 26,500 k4,720 17,100
Granite 19,750 3,520
Cast Iron 18,000 3,20 11,340
Hard Rubber 7,850 1,400
Resin 8,000 ‘ 1,420
Wood 15,000 to 2,670 to

20,000 3,560
Iridium 24,500 4,360
Cobalt 23,600 4,200
Constantan 21,500 3,830 13,180
Copper 18,550 3,300 11,300
Magnesium 24,500 4,360 :
Manganin 19,500 3,470 11,960
Nickel Silver { 18,000 3,200 10,880
Nickel {23,930 4,260 14,800
Palladium 15,000 2,670 8,900
Paraffin 6,950 1,240
Platinum 14,000 2,490 8,400
Porcelain : : 27,400 4,880 17,800
Quartz Jlass 26,850 4,780 17,580
Sealing Wax 6,850 1,220
Siiver . 13,200 2,350 7,750
stearin 6,900 1,230
Tellurium 17,500 3,120
Clay burnt 18,250 3,250
rmismuth . 8,950 1,590 5,490
Tungsten 21,550 3,840 13,100




P

TABLE II
: 2 2
o) m m / m Position of Nodes
P
Fundamental 1 22.3729 1.000 0.224
1. Overtone 2 61,6696 2.756 0.132/G.500
2. Overtone 3 120.9120 54,04 0.U94/0.356
3. Overtone A 199.8548 8.933 0.073/0.277/0,500
4. Uvertone 5 298.5638 13.345 0.000/0.306/0.409
5. Overtone 6 L16.9764 18.638
6. Overtone 7 555,1678 24,814
7. Overtone 8 713.0502 31.871
]
TABLE III
a/b K(a/b) F(a/b)

1.00 0.918 Lo 7421

1.20 0.905 4.8961

1.40 0.871 5.2790

1.60 0.829 5.8245

1.80 0.784 0.5001

2.00 0. 741 7.2882

2.50 0.642 9.6912

3.00 0.562 12.659




0

TABLE IV ‘
h/d RI (h/d) RII (h/d)
0.05 1.0258 0.99203
0.10 1.0693 0.96120
0.15 ©1.1239 0.97142
0.20 1.1886 0.96403
0425 1,2643 0.95074
0.30 1.3523 0,95898
0.35 1.4550 0.96211
0.40 1.5757 0.96958
0.45 1.7190 0.98195
0.50 1.8915 1.00000

TABLE V

For Transverse Vibration

[ ]

Vibration Form Position of Nodes

P = 1/Fundamental 0.224 - 0.776

p = 2/1. Overtone 0.132 - 0.500 - 0.868

p = 3/2. Uvertone 0.094 = G,356 - 0.644 - 0.906

p = 4/3. Overtone 0.073 - 0,277 = 0.500 - 0.723 - 0.927

p = 5/[&0 Uvertone 00060 - 0.226 - o#hog - 0-591 - Oo772& - 0-940
TABLE VI

For Longitudinal and Torsional Vibration

Vibration Form Position of Nodes
p = 1 Fundamental 1/2
p = 2 2, Harmonic 2/l - 3/l ~
p =3 3. Harmonic 1/6 - 1/2 - 5/6
p =4 4. Harmonic 1/8 - 3/8 - 5/c - 7/8
P =5 5, Harmonic 1/10 - 3/10 - 1/2 - 7/10 = 9/10
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