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INTRODUCTION 

In recent years theoretical model building has become 
a respectable and profitable approadt in many indu
stries. No tedmical problem is ever solved without 
some type of model. In many cases, when the variables 
significant to the mission are few in number, the 
appropriate model describing the system will simply 
exist in the mind of the problem solver. Situations of 
this type do exist in the tobacco industry, however, 
they are rare. 'When dealing with the physical aspects 
of tobacco materials in connection with "events" occur
ring in processing one must resort to some degree of 
abstraction. 
Generally speaking, analysis of tobacco material (as 
reflected by the literature) has been restricted to quasi
static testing procedures (1.). This may be due to the 
complex structure of the material and/or the lack of 
suitable methods and tedmologies. Typically, the 
approadi.es (2) have involved inducing deformations 
whidi., in most instances, are assumed to have adtieved 
their equilibrium values. Approximations of this type 
are valid only when the time required to establish 
equilibrium is short in comparison to the observation 
time. Nonetheless, it is often tempting to use results 
from measurements of this type to infer or predict 
dynamical behavior. 
It certainly is not the authors' intent to imply that 
quasi-static measurement methodologies are useless. 
When the conditions for whidt these tedtniques were 
originally devised are rigorously adhered to, they 
provide a powerful means of analysis. The authors 
also recognize that because we must deal with "real 
life" problems, certain extrapolations and gross in
ferences are a practical necessity. 
The processing of tobacco materials involves a variety 
of forces. Common to any installation are forCes whidi. 
arise from operations such as cutting, conveying., etc. 
In addition, the materials are subjected to processing 
steps whidi. involve the addition of water, additives 
and various drying procedures. These combinations 
lead to dtanges in the physical state of the tobacco 
materials. Thus, information concerning the state of 
the material, the nature of the forces exerted on the 

• Prtunted, in part, at the CORESTAI26th TCRC Joint Conference, 
Williamsburg, Virginia, 1972, and the 28th TCilC Conference, Raloigh, 
North Carolina, 1974. 

material, and the type of material are necessary in 
order to develop a reasonable processing model. 
The above statements underscore the complexities 
facing the model builder. However, starting from fun
damentals, certain communalities may be identified. 
First, to a large extent the structural properties of the 
material are an important factor to consider when 
dealing with any of the above-mentioned processing 
"events". Second, the forces predominantly encountered 
will vary both in time and magnitude. These obser
vations imply that physically the effects must be con
sidered in terms of stress wave propagation within the 
material. 
This first paper will deal with one particular phase of 
the overall problem of process modelling. In the 
ensuing, we will confine our attention to the structural 
aspects of reconstituted tobacco sheets. This restriction 
is predicated primarily on the fact that in comparison 
to lamina, reconstituted tobacco materials are relatively 
simple. Equally important, in simplifying our mission 
is that a wealth of information can be drawn upon 
from the published work of several accomplished 
reseanhers (3). 
The first section will deal with the basic concepts of 
elasticity theory. Knowledge of the elastic properties of 
tobacco materials (in general) provide insight into 
cigarette firmness, tobacco smoking quality, and to
bacco expansion (4-6). The argument should serve as 
an overview for many researdters or, alternatively, as 
a primer for those working in the tobacco industry 
who are not familiar with these specific concepts. The 
fundamentals of wave propagation will be introduced 
and coupled with the concepts of elastic theory (7). 
A one-dimensional model will be assumed so that the 
type of waves whidi. arise experimentally can be most 
easily understood (8). 
Production of stress waves, for material testing pur
poses, may be systematically accomplished by em
ploying Ultrasonic techniques. In using ultrasonic wave 
propagation methodologies, phase relations must be 
kept in mind. Because the test material is finite in 
length, boundary conditions (just as in the optical 
analogue) give rise to phase reversals. The phase con
ditions involved in dealing with reflected and trans
mitted waves are illustrated in terms of the material's 
par:ameters (9). These arguments are simple but will 
aid the researcher in interpreting the signals arising 
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from the stress waves as they are propagated through 
reconstituted tobacco. 
The structural model which has been tested experi
mentally will be discussed in context of the previously 
introduced concepts. Fundamentally, the model assumes 
that reconstituted tobaccos fall into one of two general 
classes ... that is, either isotropic or orthotropic mate
rials. 
The second section will deal with the experimental 
approach. Ultrasonic techniques and "how to use them 
in testing reconstituted tobacco materials" is the central 
theme. "Tricks of the trade" are discussed. Although 
one may regard the principles as somewhat trivial, 
nonetheless the pragmatics of dealing with bonding, 
mode selection, etc. are not. 
The final section will deal with the results of ultra
sonically interrogating several reconstituted tobaccos. 
These results will be examined in terms of the theo
retical framework presented. In addition, the impli
cations of structure, and the formation of that structure 
from a fabrication viewpoint will be discussed. Ex
perimental data will be presented only for a specific 
set of environmental test conditions. In a later paper 
we will present the results of changing variables such 
as temperature and relative humidity. 

1HEORETICAL CONSIDERATIONS 

Elasticity - Elastic Limit 

When forces are applied to solid bodies, deformations 
are observed. Depending on the magnitude of the 
force, the body may or may not return to its original 
configuration upon removal of the force. 
In Figure :1., the region OA illustrates the case where 
the relation between stress and strain is linear. The 
stress and strain relations are governed by Hooke's 

Figure 1. Stress-strain relation for typical solids. 
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law. Point A is called the elastic limit of the body. 
Consequently, if the magnitude of the stress does not 
exceed that value corresponding to A, the body will 
always return to its original dimensions. On the other 
hand, if the stress is increased to the corresponding 
.region B and then "turned off", the body retains, to 
a degree, the associated strain. This region is sometimes 
termed the region of "plasticity" (:!.o). If the stress is 
increased beyond that value at region B, to point C, 
the body would finally break. 
Figure 2 illustrates the stresses which are involved in 
the x1 direction for a material in the form of a cube. 
There are three sets of couples (i. e. two forces of 
equal magnitude and opposite direction whose lines of 
action are. parallel but non-coincident) which act on 
the six faces of the body. The generalization of 
Hooke's law is most simply displayed by employing 
tensor notation (:1.1), 

where i, j, k, I = :1., 2, 3· In equation :1., Tjj is called 
the stress tensor, Ski the strain tensor, and Eijkl the 
elasticity tensor. The elements Tu are the. normal 
stresses while the elements Tij, i + j, are the shear 
stresses. Symmetry and energy constraints on Tii and 
Ski allow a reduction of the number of independent 
elements of EiJkl from 8:1. to 2:1.. The number of inde
pendent elements may be reduced further by spacial 
symmetry conditions exhibited by the material. For 
example, a body possessing orthorhombic symmetry 
has 9 independent elements while materials with cubic 
or isotropic symmetries have 3 and 2 elements re
spectively. 
The classical theory of elasticity leads to a description 
of Young's moduli, E and G, in terms of the Lame 
constants, !.. and 1.1. (u). For example, consider an iso
tropic body with one force acting in the x1 direction. 
The stress tensor reduces to only one term, 

Tu = E Su , [2] 

Figure 2. Three elements of the stress tensor associated 
with the Xt direction. 
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where E is defined by 

E = 1.1. (3A. + 21.1.) 
A.+ !.I. 

In addition we have that 

S22 = Sss = - v Su , 

A. 
V= 2 (A+ IJ.) 1 

v being the Poisson' s ratio. Equation 3 indicates that 
a body under stress in the Xt direction undergoes a 
contraction in the transverse direction. The ratio of 
the two associated strains is simply Poisson's ratio. In 
the case of an isotropic body, a simple relation exists 
between G and E, namely, 

E = 2 G (1 + v) . [6] 

Wave Equation 

The quantities A. and 1.1. ansmg in the classical theory 
of elasticity may be related to the velocity of mechani
cal waves propagated through a solid material. In 
general, all materials exhibit some degree of inhomo
geneity. Typical of reconstituted tobacco are the various 
pores and random defects in the structure arising from 
fabrication methods. At ultrasonic frequencies, the 
presence of these inhomogeneities tend to act as scat
tering centers and/or absorbers of mechanical waves. 
Thus, experimentally, one observes a distorted or 
attenuated sound pulse emerging from the material. 
As long as the attenuation is not too severe, one may 
describe the phenomena by the one-dimensonal wave 
equation: 

J2u J2u . 
Q --

2
- = E --2- + f(u, u) . 

Jt Jx 

In [7], Q is the density of the materia! through which 
waves are propagated, E is Young's modulus and u is 
the particle displacement. The term f(u, it) is (the dot 
denotes differentiation with respect to time) a dis
persive/dissipative term. The function encompasses the 
phenomena of scattering and attenuation of sound 
waves Jn solids (13). For the present we will assume 
that 

f{u, it) = o . 

With condition 8, equation 7 reduces 
known homogeneous wave equation 

J 2u 1 J 2u 
~=~Jt2 

where 

v2 = EIQ • 

[8] 

to the well-

The above form of the wave equation describes one 
particular mode of wave propagation, that is the lon
gitudinal mode. It can be shown, however, that other 
~lastic modes exist (14). In general, the propagation 
of elastic waves in solids can be divided into two: 
distinct categories, longitudinal and transverse waves. 
The former type describes extensional or compressional 

motion while the latter describes twisting or shearing 
motions of the material. In practice, when one deals 
with materials such as reconstituted tobacco, local 
disturbances (defects, etc.) generally tend to give rise 
to both longitudinal and transverse waves. Conse
quently, one may start with a pure longitudinal wave 
and observe mixed modes. The intensity of these modes 
are several orders of magnitude less than that of the 
initial wave and may be ignored. In this case (the 
isotropic limit), the sonic velocity is related to the 
elastic constants A. and 1.1. via 

v2 = A.+ 21.1. 

Q 
[nl 

In the strictest sense equation 11 is only an appro
ximation. When the test material's width, d, bears the 
following relation to the wavelength, A., 

[12] 

equation 11 must be replaced by (15) 

v2 = ! { (1 - v) I (1 + v) (1- 2 v) } . [13] 

The principal concern with longitudinal wave propa
gation in reconstituted tobacco is for samples in the 
shape of a strip or thin line. For such configurations, 
the sonic modulus as determined by equation 11 is 

. found to be more than adequate. A similar situation 
exists for paper materials. Several acoustical measure
ments in paper have been reported. On the basis of 
work on cellulosic sheets by Horio and Onogi {16), 
Craver and Taylor (17) concluded that the correction 
term in equation 13 could be ignored. 

Phase Relations 

When testing material by ultrasonic methods, one 
must take into account the relative phases of the 
associated pressure waves to properly interpret the 
signal information. Consider two materials with a 
common boundary (say tobacco and nickel). The re
flection coefficient, r, and transmission coefficient, t, 
are defined by 

Q2 V2- Ql Vl 
[14] r= 

Ql Vl + Q2 V2 
and 

2 {12 V2 
[15] t= 

Ql Vl + Q2 V2 

In the above relations, Vi is the longitudinal sonic 
velocity in the material of density Qi· Three conditions 
may exist at the boundary, that is 

Ql Vl > Q2 V2 I 

Ql Vl < Q2 V2 I 

Ql Vl = Q2 V2 • 

If the first condition is satisfied, the reflected wave 
is said to be 180° out of phase with respect to the 
incident wave. If, on the other hand, the second con
dition is true, the reflected and transmitted waves are 
in phase. The last relation depicts the ideal case of 
perfect transmission across the boundary. The last 
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condition, although not as important as the first two 
for signal identification purposes, has important practi
cal implications. Experimentally, one does not connect 
the exciting media (magnetostrictive rod) directly to 
the material under investigation (reconstituted tobacco). 
In practice, one must find a suitable bonding material 
so that waves may be coupled into the tobacco material 
with minimum reflection. The above arguments are 
oversimplifications of reality. However, they, as do 
their optical analogues, serve to illustrate the physics of 
the experiment. 

Anisotropy of Tobacco Sheet 

In the measurement of any mechanical parameter of 
a material, symmetry considerations must not be 
ignored. In general, materials such as crystals, reflect 
their funda:Qlental lattice parameters via symmetry. 
These parameters provide insight into the very nature 
of formation or structure of the solid. Similarly, the 
determination of reconstituted tobacco symmetry pro
vides valuable information concerning the fabrication 
and processability of these materials. 
The property of anisotropy has received a great deal 
of attention in the paper making industry (18). The 
variation of elastic moduli as a function of "making 
direction", to a large degree, influences many of the 
important material processing characteristics. The 
authors, upon a review of the pertinent literature, 
found that a similar directional model is applicable 
to reconstituted tobacco. 
The model is based on the assumption that recon
stituted tobacco can be described by orthotropic sym
metry. When a material exhibits such symmetry, two 
principal directions situated at right angles to one 
another exist. In: general the elastic moduli as a 
function of angle are related by (19): 

_1_= 
E (9) 

+ { 1 -~ 
GII,.L E.L 

[16] 

In [16] the symbol 11 denotes "machine direction" and 
.L the perpendicular direction. G 11 , .L is the in-plane 
shear modulus, and v the corresponding Poisson' s 
ratio. If 

_ 1_ = 1 + V.L,II + 1 + Vli,.L [
17

] 

Gll .L E .L Ell 
I 

it then follows that 

E11 • E .L 
E(S)=--E--si-n2~9~+-E~c-~~2~9 

.L 11 

[18] 

The validity of equation 18 has been investigated for 
a large variety of reconstituted tobacco materials. In 
the context of the present work on reconstituted to
bacco, equation 18 has been tested in the following 
way: 

1. The sonic modulus of elasticity was measured in 
the 11 and j_ directions. 

2. Using [18] the angular dependence at 9 = 45° was 
calculated. 

3· The value calculated via [18] was compared to the 
experimental value. 

The above approach d~s not lead to a complete test 
of the orthotropicity of reconstituted tobacco. None
theless, an: agreement with the general form of 
equation 18 implies that relation 17 holds true as well. 

EXPERIMENTAL APPROACH 

Apparatus and Methods 

The heart of any ultrasonic experiment is the trans
mitter-receiver transducer system. For the measure
ments described herein a Panametrics 5010 console 
with magnetostrictive transducers (2o) provided the 
reauired capabilities. Auxiliary equipment consisted of 
a Tektronix 1121 Broadband Amplifier and a Tektronix 
7504 Oscilloscope. Figure 3 is a bled< diagram of a 
typical arrangement incorporating the above-mentioned 
modules. The 5010 is capable of providing an ultra
sonic pulse of (3. to 30 ItS wide) at a pulse repetition 
frequency (PRF) of 6o or 120 pulses per second. All 
measurements were performed at a PRF of 6o. The 
transducers used can produce two modes, that is either 
pure extensional or combinational ( extensional - tor
sional). 

Figure 3. System block diagram. 

Lead-In 

Echo Mode 

The echo mode is the most basic ultrasonic method (21) 
in use. In this mode only one transducer is required 
since the transmitter output point is switched to a 
combination transmitter . output-receiver input junction. 
Operation is as follows: the transmitter provides an 
electronic pulse, at a selected amplitude and pulse 

Figure 4. Echo mode without sample. 
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Figure 5. Decaying reverberation pattern In magnetostrlc-
tlve lead-In. 
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width, to transducer A (see Figure 4). The transducer 
converts this pulse to an ultrasonic pulse which travels 
along the axis of the lead-in (B) toward its end (C). 
Assume a pure extensional mode for clarity. Trans
verse waves will be discussed later. When the pulse 
reaches the end of the lead-in (C) (assume no sample 
is attached), nearly total reflection occurs. At the 
transducer, the pulse is partially converted back to an 
electrical signal which is then fed to the receiver. 
A portion of the ultrasonic pulse is not converted but 
is reflected and again travels toward the end of the 
lead-in. It should be noted that the ultrasonic pulse 
travels through the lead-in at the velocity of sound in 
the medium (nickel). The pulse continues reverberating 
in the lead-in, decaying in time (Figure 5). The portion 
of the echo signal which is sent to the receiver is 
amplified to permit proper operation of the gating 
circuit and to provide a usable signal for viewing on 
the oscilloscope. The gating circuits provide pulses 
which can be varied to correspond to two echo peaks 
and in turn provide a visual readout of the time 
between the two peaks, This visual readout is dis-

Figure_ 6. Typical ultrasonic spectrum. Upper trace cor
responds to signal information; lower trace is associated 
with internal timing gates. 
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Figure 7. Echo mode with sample. 
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played by Nixie tubes located on the front of the 
console. By measuring the time between the initial 
drive pulse (main bang) and the first echo, and meas
uring the length of the lead-in, one can calculate the 
velocity of sound in the lead-in material (see Figure 6). 
Extremely accurate time measurements are thus avail
able ( ± .1 f.lS). 
Now assume a sample (D) is attached to the end of 
the lead-in (Figure 7). As the pulse reaches the boun
dary (C), part of the signal is coupled into the sample 
(D) and part of it is reflected. The amount of coupling 
is a function of the material bonded to the ·lead-in and 
the means used for bonding (boundary impedance). 
The transmitted signal propagates through the sample, 
is reflected at its end (E) and returns toward the lead
in. At that point it is again partially reflected and 
transmitted. Note the transmitted signal lags the initial 
reflection from the lead-in junction by an amount 
equal to the travel time back and forth in the sample. 
By measuring the time between these pulses along 
with the length of the sample, and by accounting for 
the two-way trip, one can determine the speed of 
sound in the sample material. This cycle is repeated 6o 

times each second with the ensuing reverberations 
damped well before a succeeding pulse is generated. 

Transmission Mode 

In the transmission mode, the initiation and detection 
is accomplished by utilizing a symmetric transducer 
configuration (22) (see Figure 8). The transmitter 
output is isolated from the receiver which now obtains 
its input from the receiving transducer (G). Only 
signals which are transmitted through the sample are 
amplified, therefore, the signal reflected back toward 
the transmitter transducer (A) from the first junction 
point (C) is disregarded. 
Following one ultrasonic pulse through the system will 
provide a good understanding of this mode. As in the 
echo mode, the signal travels through the transmitter 
transducer lead-in (B) and is partially transmitted and 
reflected at the lead-in sample boundary (C). The 
transmitted signal continues through the sample (D) 
and is partially reflected and transmitted at the sample 
receiver transducer lead-in boundary (E). The pulse 
propagates through the lead-in (F) and is converted 
by the receiving transducer (G), providing the first 

Figure 8. Configuration for transmission or combination 
mode. 
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reference pulse. The reflected signal from this second 
junction point (E) travels back through the sample (D) 
and is reflected and transmitted again at the first 
junction (C). This reflected portion returns toward the 
second junction (E) where it is reflected and trans
mitted as before. The transmitted pulse is converted 
by the transducer (G) and used as the second .reference 
point. Note that .the difference between the two pulses 
represents the travel time back and forth in the sample 
only, and thus can be used to calculate the speed of 
sound in the media. 

Echo-Transmission Mode 

This particular mixed mode of operation was conceived 
by the authors during the.· course of this work. Sub
sequent utilization of this approach has generated much 
interest in testing material of similar acoustical pro
perties. 
The echo-tran§mission mode (E-T Mode) is, as the 
name implies, a combination of the echo mode and 
the transmission mode. In this mode, both the echo 
pulse and the transmitted pulse are received and 
utilized. As in the echo mode, the transmitter output 
is also the receiver input. In addition, the receiver 
obtains a signal from the receiving transducer (G); 
therefore, two signals are introduced into the receiver. 

Again, for the sake of clarity, a pulse will be traced 
through the measuring system (Figure 8). The initial 
echo from (C) is amplified and used . as reference. The 
portion of the pulse which is transmitted through the 
sample (D) and the lead-in (F) is amplified and used 
as the second reference pulse. Note that in this in
stance the difference between the first and second 
pulse represents the difference in travel time from 
point (C) to point (A) and point (C) to'point (G) which 
primarily occurs because of the difference in the 
velocity of sound in the sample (D). The lead-in wire 
(F) is purposely made longer to provide a difference 
in the time even when the two lead-ins are directly 
coupled· together. This time increment is, of course, 
still included in the time difference between the two 
pulses and must be taken into consideration when 
calculating the velocity in the test material. 

Bonding Considerations 

The method and material used in bonding the sample 
to the lead-in are of extreme importance in performing 
the measurements. The ratio of reflection to trans
mission at each boundary is a function of the bonding 
material as well as the sample. Factors which must be 
considered are: strength, thickness, attenuation, con
figuration of the lead-in, sample junction and ease of 
bonding. 
If the thickness of the bond becomes too great, then 
time of travel in the bond itself becomes critical. In 
the E-T Mode, the thickness of the bond and hence 
the time of travel is accounted for somewhat in the 
determination of the travel time differences in the lead
ins . . . the configuration of the lead-in end and the 

Figure 9. Bonding configuration. 

Overlapping joint 

} ; 
Sample 

Lead-In Lead-In 

sample affects the percent of transmission at the 
boundaries. Experimentation determined that the best 
junction to use in these measurements was the over
lapping joint (see Figure 9). This arrangement was 
selected because of the geometry of the material. To 
achieve optimal transmission, the condition Ql v1 = 

-Q2 v2 must be satisfied. In practice, one need not worry 
about obtaining echos since these occur readily, but 
obtaining good transmi~sion is sometimes difficult. 
Various materials were tried as bonding agents. Since 
information is lacking on many materials with respect 
to attenuation coefficients aQd acoustical impedances, 
trial and error emerge as the only solution. Apiezon 
W provided a practical bond which satisfied the neces
sary acoustical properties for tobacco substances. 

Display and Phase Effects 

During a measurement, the oscilloscope provides a 
visual display of the acoustical patterns occurring in 
the lead-in sample system. The usefulness and accuracy 
of the whole experiment depends on the ability to 
correctly read this display. The slightest bend in the 
lead-in, a kink in the sample, poor lead-in sample · 
junctions, all provide unnecessary pulses and rever
berations. Sometimes these spurious signals can be 
eliminated, at other times, they are unavoidable. The 
pulses which are of interest are those occurring because 
of the sample boundaries. It is essential to not only 
distinguish which peaks are the primary peaks but 
also to recognize their relative phases. To obtain accu
rate time measurements, the differences between cor
responding points on two signals must be measured. 
This is complicated by phase changes and differen
tiation effects (2;). 
The pulse induced in the lead-in by the transducer 
and, likewise, the signal induced in the transducer by 
the lead-in are results of a changing current and a 
changing magnetic field respectively. These induction 
effects convert the square drive pulse from the trans
mitter to a negative. peak and a positive peak. The 
negative peak corresponds to the leading edge of the 
square wave while the positive peak corresponds to 
the lagging edge. Therefore, since differentiation occurs 
twice, the video display consists of four peaks, two 
positive and two negative. In general, it should be 
remembered that a phase change accompanies the 
reflected pulse at the boundary of a material possessing 
a larger acoustic impedance. 

EXPERIMENTAL PROCEDURE 

Six different types of reconstituted tobacco were se
lected. Over three hundred individual measurements 
were made on these samples. These reconstituted 



Table1. Summary of results. 

Sheet 11 Ill IV V VI 

_Average extenslonal 4.1 3.7 4.4 3.0 2.6 1.8 elastic modulus* 

Transverse shear 1.6 1.4 1.7 1.0 .95 .6 modulus* 

Elastic constant A 3.9 3.7 3.8 3.1 2.9 1.6 direction* 

Elastic constant B 4.2 3.8 4.8 3.0 2.4 1.8 direction* 

Elastic constant C 4.1 3.6 4.5 2.7 2.6 1.8 
direction* 

Calculated elastic 4.0 3.7 4.3 3.1 2.6 1.7 constant C direction* 

Density g/cm3 1.48 1.48 1.66 1.39 1.46 1.32 

• The relative values of E are within 5 °/o. Additional stages of 
amplification obtained subsequent to the experiment reported above 
will reduce this error to approximately 2 %. The elastic moduli in 
Table 1 are In units of 1010 dynes/cm•. 

materials were selected on the basis of their varied 
composition and processing. The different reconstituted 
tobaccos will be referred to as I, II, Ill, IV, V, and VI 
(see Table 1.). All samples were conditioned to ambient 
laboratory temperature and humidity. The temperature 
was approximately 75° F and the relative humidity 
was approximately 54 °/o. 

Extensional Measurements 

The Young's Modulus of a material may be multi
valued if the material is anisotropic or single valued 
if isotropic. It follows that a material's directional 
properties must be considered if a thorough under
standing of its elastic behavior is to be ascertained. 
The ultrasonic method described provides a simple, 
accurate and non-destructive method of determining 
a material's directional properties. 
In consideration of the possible anisotropic behavior 
of reconstituted tobacco, it was necessary to establish 
a directional convention, such that a measurement in 
the A direction for one sample was the same A 
direction of another sample. It is not assumed on an 
a-priori basis that direction A, B, or C of Sheet Ill is 
in the casting direction. In sheets I, II, IV, V, and VI, 
A was in the casting direction, B was perpendicular 
to A. c is associated with e = 45° (see equation 1.8). 

The E-T Mode was chosen for both the longitudinal 
wave and the transverse wave experiments. This mode 
was used because of the relatively high attenuation 
of the acoustical pulses by the material. Before a 
measurement could be made, the time difference 
between the two lead-ins was established. This was 
accomplished by joining the two lead-ins with a bond 
similar to that used to hold the sample sheet during 
measurements. Care was taken to obtain a represent
ative bond. By using the oscilloscope, the time between 
the echo from the junction and the transmitted pulse 

through the junction. was measured. Various measure
ments showed this time to be 1.4.5 !lS. 

To make a measurement, a piece of reconstituted to
bacco, approximately 3.oXo.3 cm, was bonded to each 
end of the lead-ins so that it bridged the gap between 
them. The visual display on the oscilloscope along with 
the Panatherm 501.0 was adjusted so that a time inter
val between pulses could be measured. The sample 
was then removed and retained for surrogate measures. 

T1·ansverse Shear Measurement 

The shear wave measurements were performed in a 
different fashion from the extensional measurements. 
Instead of using two extensional transducers, two com
binational units (24) were employed. Whereas the 
extensional transducer produced only an extensional 
mode pulse, the combinational produced both ,-:lon
gitudinal and shear waves. In order to properly view 
both pulses and provide for viewing their echos so 
that time intervals could be measured, longer lead-ins 
were used. This increased the reverberation time and 
prevented confusing the reverberation echo with the 
shear wave which propagates at a lower velocity than 
the longitudinal wave. 
Bonding and sample ·size were similar to those used 
in the extensional measurements; however, for these 
tests the density of each particle was not measured. 
Instead, the velocities of both the longitudinal waves 
and the shear waves were measured and their ratios 
calculated. 

SUMMARY 

The theoretical model and experimental results, as 
tabulated in Table 1., lead to the following conclusions 
concerning the elastic and structural properties of the 
examined reconstituted tobaccos: 

a. The magnitudes of the moduli for the materials 
interrogated were different (statistically significant). 

b. Type I material, although in principle the same as 
Type II material, displays orthotropic symmetry. 
This structural difference was induced by slightly 
changing process operating parameters. 

c. Type II materials can be classified as belonging to 
the isotropic group. 

d. Type Ill material is orthotropic. This particular 
material was developed using a higher degree of 
fiber content, consequently fiber orientation was 
manifest in the mechanical structure. 

e. Type VI material has the lowest modulus. This 
property is derived from the various input/binder 
materials. 

f. Type V material is orthotropic. In this material a 
relatively high fiber content was used, coupled with 
a variation in processing. 

g. Type Ill material possesses the largest moduli for 
the entire collection of reconstituted tobaccos tested . 
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The higher elasticity as well as its anisotropy can be 
linked with the input material and method of fabri
cation. 

The vehicle of ultrasonic interrogation of reconstituted 
materials proved to be efficacious. In total. the authors 
observed the advantages of this mode of experimenta
tion to be: 

1. Inherent accuracy in the measurement of the ultra
sonic pulses. 

2. The method is non-destructive; consequently, allow
ing the actual test sample to be used in other 
analyses. 

3· Direct measurement of material properties with the 
option of observing contributions arising from 
"medtanical defects". 

4· The ability to make real time observations. This 
degree of freedom is particularly useful when the 
test specimen is deliberately perturbed. 

ZUSAMMENFASSUNG 

Das theoretische Modell und die experimentellen Ergeb
nisse, wie sie in Tabelle 1 dargelegt sind, fiihren zu 
den im folgenden aufgefiihrten SdtluGfolgerungen hin
sichtlidt der elastischen und strukturellen Eigenschaften 
der untersudtten Tabakfolien: 

a. Die GrOGen der Moduln der untersudtten Materialien 
waren statistisdt signi£ikant verschieden. 

b. Das Material vom Typ I zeigt orthotrope Symmetrie, 
obwohl es im Prinzip dem Material des Typs 1I 
gleicht. Dieser strukture1le Untersdtied beruht auf 
einer leidtten Vedinderung der Herstellungspara
meter. 

c. Die Materialien des Typs II kOnnen der isotropen 
Gruppe zugeordnet werden. 

d. Typ Ill ist orthotrop. Dieses Material insbesondere 
wurde unter Verwendung eines hb'heren Fasergehal
tes entwldcelt, wodurdt die Ausridttung der Faser in 
der mechanisdten Struktur sidttbar war. 

e. Typ VI hat den niedrigsten Modul. Diese Eigensdtaft 
wird durch die versdtiedenen Zusatz/Bindemittel
Stoffe herbeigefiihrl. 

f. Typ V ist orthotrop. Bei diesem Material wurde ein 
relativ hoher Faseranteil verwendet in Verbindung 
mit einer Modifikation bei der Verarbeitung. 

g. Typ Ill verfiigt von allen untersudtten Tabakfolien 
iiber die grOBten Moduln. Sowohl die hOhere Elasti
ziHi.t als auch seine Anisotropie kOnnen dem Zusatz
stof£ und dem Herstellungsverfahren zugeschrieben 
werden. 

Die Methode der Ultrasdtalluntersuchung erwies sich 
bei Folientabaken als wirksam. Insgesamt beobadtteten 
die Autoren bei diesem experimentellen Verfahren die 
folgenden Vorziige: 

1.. Inhiirente Genauigkeit bei der Messung der Ultra
schallimpulse. 

2. Die Methode arbeitet nicht destruktiv, wodurdt das 
der Analyse unterworfene Probenmaterial audt fiir 
andere Untersudtungen benutzt werden kann. 

3· Direkte Messung der Materialeigenschaften mit der 
MOglichkeit der Beobachtung von Beitriigen ,mecha
nischer Fehler". 

4· Die Fiihigkeit des Verfahrens zu echter Zeitbeobach
tung. Diese MOglichkeit ist besonders niitzlich, wenn 
das Untersuchungsobjekt absichtlich gestOrt ist. 

RESUME 

Le modCle theorique et les resultats experimentaux 
comme indiques dans le tableau mEment aux conclusions 
suivantes, en ce qui concerne l'elasticite et les proprietes 
structurelles des tabacs reconstituCs en feuille examines: 

a. Les magnitudes des modules des substances inter
rogees dif£Crent d'une maniere statistiquement signi
ficative. 

b. La substance du type I demontre une symmetrie 
orthotropique, quoiqu'en principe la substance est la 
mffile que celle du type 11. Cette difference struc
turelle a ete provoquee par une MgE!re modification 
des parametres impliques dans !'operation. 

c. On peut dasser les substances du type II comme 
faisant partie du g'roupe isotropique. 

d. La substance du type I1I est orthotropique, On a 
mis cette substance speciale au point en utilisant 
un pourcentage plus eleve de fibres, par con&equent 
!'orientation des fibres est apparente dans la struc
ture mecanique. 

e. La substance du type VI a le module le plus has. 
Cette propriete dikoule de la variete de substances 
incorporees comme liant. 

f. La substance du type V est orthotropique. Pour cette 
substance-ci on a utilise un pourcentage relative
ment eJeve de fibres, assode a une modification du 
traitement. 

g. La substance du type I1I contient les plus grands 
modules sur !'ensemble des tabacs reconsutues en 
feuille testes. Sa plus grande Clastidte ainsi que son 
anisotropie peuvent etre associCes aux substances 
incorporees ainsi qu'A la methode de fabrication. 

La methode d'interrogation ultrasonique de materiaux 
reconstitues semble s'averer efficace. Favorables a ce 
mode d'experimentation, les auteurs ooncluent les avan
tages suivants: 

1. PrCcision inherente dans la mesure des pulsations 
ultrasoniques. 

2. La methode n'est pas destructive, par consequent 
l'edtantillon-test peut etre rCemploye pour d'autres 
analyses. 



3· Mesure directe des propril~tes des substances compre
nant I' option d'observer les contributions provenant 

de «defauts mecaniques». 

4· La possibilite de realiser des observations de 
temps reel. Ce degre de liberte est particulihement 
utile lorsque le sp&:imen·test est perturhe delibere. 
ment. 
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