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FOREWORD 

This report is a general discussion of ultrasonic energy and its 
potential application in wood industries. Information presented was 
compiled in preparation for study now in progress at the Oregon Forest. 
Research Center, 

The information is published to stimulate interest in possible 
ways ultrasonic energy may be made useful in wood processing. 

The discussion is qualitative and factual, so that it will have 
meaning for those unfamiliar with ultrasonic energy. Some suggested 
uses may be adapted to particular problems by readers. 

SUMMARY 

A study has been made of literature on nature and applications 
of ultrasonic energy. Reports indicate that it is a highly versatile 
and valuable form of energy for many applications, and that there are 
potentially useful applications that have not been studied or developed. 
Potential applications in wood industries include impregnation, pene- 
tration, absorption, drying, cutting, heating, testing, particle reduc- 
tion, extraction, preparation of materials for study, dispersion of 
particles or glue, fractionation of pulp, agglomeration, and polymeri- 
zation. These potentialities of acoustical energy are discussed briefly 
in this report. 



ULTRASONICS FOR WOOD INDUSTRIES 

by 

Charles O. Morris 

INTRODUCTION 

Study of ultrasonic energy began during the industrial boom follow- 
ing World War I. The energy was found to produce startling results, such 
as erosion of metal and glass by water, production of colloids, fatigue 
failure of glass, heating, flocculation, sonic attraction, atomization of 
liquids, and death of frogs, fish, larvae and bacteria, Development of 
uses for this newly discovered form of energy came slowly, probably 
because of decrease in industrial activities after 1929, and concentration 
on production during World War II. 

Since 1945, industry has been geared to competitive production, 
and emphasis again has been placed on efficient ways of doing things. 
Ultrasonics has been reintroduced along with sonics, supersonics, radio 
frequency, very high frequency, ultrahigh frequency, and other physical 
phenomena with potentially valuable applications. 

Ultrasonic energy is energy of an alternating pressure field, but 
has frequencies higher than those audible to the human ear. Sonic energy 
also is the energy of an alternating pressure field, but in the frequency 
range from 500 to 20, 000 cycles a second, within the audibility range of 
the human ear. Supersonics, on the other hand, pertains to velocities 
that are greater than the velocity of propagation of sound, Radio, very 
high, and ultrahigh frequencies refer to electrical and magnetic radiation 
associated with acceleration of electrons. 

This report refers only to the fields of sonics and ultrasonics. 
Since boundaries of the audibility range are not necessarily of major 
importance in industrial applications and since ultrasonics appears most 
promising, "ultrasonics" will be considered a field that includes industrial 
applications of sonics 
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NATURE OF ULTRASONIC ENERGY 

Ultrasonic energy is similar to sound energy, but the frequency 
may be above audibility limits of the human ear. Ultrasonic energy is a 
mechanical change of pressure with time, that has a finite rate or fre- 
quency, and produces a displacement of finite amplitude in particles of 
the material through which it is traveling. Velocity with which pressure 
waves travel through a medium is determined by properties and tempera- 
ture of the medium. 

Generation of ultrasonic waves is illustrated in Figure 1. As the 
diaphragm pictured is moved forward, pressure in the medium ahead of 
the diaphragm is increased. As the 
in the medium is decreased, and as 
again, pressure again is increased. 

diaphragm is pulled back, pressure 
the diaphragm is moved forward 

Waves of alternate high and low 
pressure travel away from the diaphragm at a speed determined by prop- 
erties and temperature of the material through which they travel. Rate of 
pulling and pushing is the frequency of pressure oscillations. An alternat- 
ing diaphragm is one method of producing ultrasonic waves. Other means 
of generation are discussed in a subsequent section of this report. 

To produce ultrasonic energy, pressure changes must be brought 
about by movement of particles of the transmitting medium with respect to 
some fixed reference and to each other. A particle that is oscillating 
many thousand times a second cannot move far before it reverses direction. 
Each particle must move at a small amplitude, or with a small displace- 
ment from some fixed reference. Amplitude increases with decreasing 
frequency at constant power, and with increasing power at constant frequency. 

From a source, pressure waves travel outward and may be reflected, 
absorbed, dispersed, or changed to other types of waves, depending upon 
nature of the propagating material. They also may be concentrated or dis- 
tributed by shape or arrangement of initiating elements. 

Means of Production 

Ultrasonic energy may be produced by converting electrical or 
mechanical energy to mechanical energy at desired frequency and power 
level. A variety of transducers are produced commercially, and a partial 
list of manufacturers is presented in the Appendix. 
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Electrical 

Electrical energy may be converted to ultrasonic energy by one 
of four ways: 

Piezoelectric effect. 
Magnetostrictive effect, 
Electrodynamic means. 
Electrostatic means. 

All of these ways require conversion of electricity in its common form 
(as 110 -volt, 60- cycle, alternating current) to an alternating current or 
voltage at the desired frequency, and conversion of this electricity to an 
alternating -pressure field, 

The piezoelectric transducer makes use of the property of certain 
crystals and ceramics of changing in linear dimension when voltage is 
applied across opposing faces. When voltage polarity is reversed, 
direction of linear change is reversed, so that alternating voltage pro- 
duces alternate contraction and expansion, that in turn produces alternating - 
pressure waves in an adjacent medium. This action is illustrated in 
Figure 2. 

Magnetostrictive transducers make use of change in linear dimen- 
sions of some ferromagnetic materials, such as iron, cobalt, nickel and 
certain alloys when they are subjected to a magnetic field. Here again, 
reversal of field polarity is accompanied by change in linear dimensions, 
and an alternating magnetic field produces alternate contraction and ex- 
pansion of material. Both magnetostrictive and piezoelectric transducers 
are designed to operate at natural frequencies so that maximum amplitude 
of oscillation can be provided at a given power level, Each of these trans- 
ducers will operate effectively only at one frequency. A magnetostrictive 
transducer is illustrated in Figure 3, 

Electrodynamic action (Figure 4) results from forces exerted on 
an electric field when it is placed in a magnetic field. In producing this 
action, strength of the magnetic field is constant, and alternating current 
is impressed upon the coil. Force upon the coil moves it first to one side 
and then the other as current is reversed, Maximum response at a given 
frequency may be obtained by use of a spring of proper stiffness in con- 
junction with the current coil. The electrodynamic principle is incorpor- 
ated in most speakers for radios and television sets. 
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Electrostatic means (Figure 5) has found little application as yet, 
but operates on the basis of attraction and repulsion of electric charges. 
Alternating voltage applied to the system periodically changes the rela- 
tionship between charges on a diaphragm and rigid plate. This change 
produces an alternating force between the two members, thus moving 
the diaphragm and changing pressure in an adjacent medium. 

Electronic equipment is required in any of these ways for electri- 
cal conversion. An oscillator provides voltage of desired frequency and 
wave form. An amplifier raises the signal to the required voltage and 
current. These two components can be built in a single unit, if desired. 
Capabilities and requirements of any transducer dictate specifications for 
electronic equipment. A block diagram of a typical installation is shown 
in Figure 6. 

Mechanical 

Mechanical energy may be converted to ultrasonic energy by 
interference effects. In general, an otherwise steady flow of gas or 
liquid is subjected to cyclic interruption at the desired frequency. Re- 
sulting oscillations of the structure, gas, or liquid produce ultrasonic 
effects. Whistles, horns, sirens, vibrating reeds, and water- hammer 
effects are examples of mechanical apparatus to produce ultrasonic 
energy. Some of these systems are illustrated in Figures 7 through 10. 

Gas whistles, as illustrated in Figure 7, produce interference 
effects induced by gas flow or by vibrating reeds , usually in conjunction 
with mechanical resonance of the system. Oscillations of the structure 
may be transmitted to a liquid or solid with maximum acoustic power, 
or energy in the gas stream may be used directly. 

The principle of a liquid (Pohlman) whistle is illustrated in Figure 
8. Liquid is directed in a thin stream at high velocity over the vibrating 
reed. Pressure oscillations at the natural frequency of the reed affect 
the liquid, or are transmitted to other material. A resonant shell 
sometimes amplifies and distributes fluctuations in pressure. Cavitation 
effects produced with this system are partially responsible for its effec- 
tiveness. 
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A third type of mechanical generator is shown in Figure 9. A high - 
velocity stream of gas is forced through a nozzle, and the emerging super- 
sonic stream produces shock waves as it becomes subsonic. Ultrasonic 
waves up to 120, 000 cycles a second and at power levels up to 150 watts 
have been produced by this method. 

Sirens generate pressure waves as gas is forced through holes in a 
rotating disc. Frequency is dependent on speed of rotation of the disc, and 
power output is dependent on amount of gas forced through the holes (Figure 
10), With power levels of 2 -35 kilowatts, and frequencies of 10 -34 thousand 
cycles a second, efficiencies of 20 -60 per cent have been reported (16)'. 

Water hammer is a result of inertia shocks caused by repetitive 
interruption of a moving stream of liquid. Resultant vibrations of the 
system, or pulsations of the fluid, may be transmitted to other liquids, to 
gases, or to solids, to produce desired effects. 

General Effects 

Results or effects obtained from ultrasonic energy are largely de- 
pendent upon nature of the material through which waves are traveling. If 
the propagating material is a solid, each particle is restrained to some 
degree relative to surrounding particles . A particle might be considered 
"spring- loaded" to a particular position by forces related to its molecular 
and cellular structure. If the propagating material is a liquid, particles 
are not spring- loaded with respect to each other, but are restricted as to 
rate of relative motion by viscous forces Vapor pressure of a liquid may 
affect results if the low -pressure portion of the wave cycle is below vapor 
pressure of the liquid. In a gas, however, the previously mentioned effects 
are negligible, or nearly so, and the principle effect is movement of parti- 
cles or droplets within the gas to positions of minimum displacement of 
air molecules, or "nodes" of the wave pattern. Each class of propagating 
material will be discussed in more detail. 

Solids 

A solid may be homogeneous or heterogeneous in structure . It may 
contain particles that are alike in shape, size, and mechanical properties 
and are uniformly distributed throughout the medium, or it may contain 
particles of various sizes and shapes, even particles made up into large 
subcomponents such as crystals or cells . As a pressure wave travels 
* Numbers in parentheses refer to similarly numbered references in the 

Bibliography. 
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through a solid, each particle is displaced and deformed, and in turn moves 
neighboring particles. If a junction is reached where properties of the 
propagating material change, wave velocity or amplitude is changed, de- 
pending upon ability of the new material to transmit wave motion. This in- 
terface also may be a point of wave reflection or absorption, with resultant 
heat generation. 

Such effects of ultrasonic waves may indicate physical properties of 
a material, or may change its structure or properties. Reflection or ab- 
sorption of small amounts of ultrasonic energy may indicate condition, con- 
tinuity, density and thickness of material. At higher concentrations of power, 
heating, drying, crystallizing, defibering, pulverizing, and related responses 
may occur. 

Since each particle in a solid has definite weight or mass, and is 
spring -loaded relative to other particles, these elemental mass- spring 
systems possess dynamic properties similar to those of other mass - spring 
systems. That is, they have resonances -- certain natural frequencies at 
which maximum amplitude or response is obtained. Value of this response 
also is a function of friction, or damping of the system, and depends to a 
large extent upon boundary conditions, such as size, shape, and material 
enclosing the solid under discussion, in addition to mass - spring properties 
of elemental components. This factor is of advantage in design of trans- 
ducers. 

Liquids 

Action of ultrasonic energy in a liquid is appreciably different from 
that in a solid. Most noticeable effects are obtained as a result of cavitation, 
or so- called cold -boiling. This effect is obtained by adjusting amplitude or 
frequency until the low- pressure portion of the wave cycle becomes lower 
than vapor pressure of the liquid. If gas nuclei are present in the liquid, 
small bubbles form during the low- pressure portion of the cycle and collapse 
during the high -pressure portion. Collapse of the gas bubbles produces 
local variation of pressure and temperature and causes violent agitation, 
mixing, or emulsifying. 

At the interface between solid and liquid, energy reflection and in- 
creased relative motion produce an intense scrubbing action, that, together 
with pressure changes, does a thorough job of cleaning and descaling. This 



same cavitation causes erosion of turbine blades of hydroelectric plants. 
Cavitation effects are reduced appreciably by increase in ambient pressure. 

Absorption or dispersion of energy in liquid principally is the result 
of viscous forces rather than friction and deformation as in solid material, 
A generator of ultrasonic energy, mounted vertically below the surface of a 
liquid, will produce a mound of liquid above the normal surface by pumping 
action of the element. The action of ultrasonic energy always tends to 
remove bubbles of air and gas entrained in liquid. 

Gases 

Ultrasonic energy also can be propagated by gases and vapors. 
Energy transfer is accomplished by collision of molecules, with negligible 
effects from viscous forces and friction. If waves of alternating pressure 
in air are directed against a solid surface, and distance between source 
and surface is varied, locations will be found where energy is reflected 
with maximum efficiency. At these distances, a series of standing waves 
is formed. These are analogous to standing waves observed in a vibrating 
string, although direction of oscillation is not the same. If particles or 
liquid droplets are present in the field between source and surface, they 
will be moved by collision with molecules to points of minimum vibrational 
amplitude, the nodes. Particles will agglomerate until sufficiently heavy 
to overcome force of the field, and then will fall. This action has been 
effective in dispersing fog and in collecting aerosols from industrial stacks. 

Existing Applications 

Many applications of ultrasonic energy have proved practical and 
valuable, and have taken their proper places in industrial processes , in 
research, and in testing. Commercial equipment is available for these 
applications. 

In industry 

Four classes of application in industry, and existing uses are: 
Cavitation in liquid bath 

o Cleaning, 
Emulsifying, 
Descaling, 

e Impregnating, dyeing, coating, 

.. 
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a, Homogenizing, 
Extracting plant matter, 
Soldering, 
Degassing, defoaming. 

Ultrasonic waves in gases 
Particle agglomeration, 
Fog dispersing, 
Drying. 

Acceleration of abrasives in a slurry 
Machining, 
Drilling, 
Deburring. 

Application directly to solids 
Welding, 
Testing. 

Cavitation effects in liquids (Figure 11) may be applied either to 
batch or to continuous -flow processes and may bring about physical or 
chemical interactions between two liquids or between liquids and solids. 
Impregnating, dyeing, and coating have been aided, principally with 
leather, paper, and fibers, where material was thin. Agitation, rubbing 
action, and pressure fluctuations are principally responsible for effects 
obtained. One major advantage in ultrasonic cleaning is that intricate 
shapes, interior surfaces, holes, and cracks are cleaned with equal 
thoroughness. Emulsions of oil, mercury and even Woods metal have 
been made successfully with water. Ultrasonic vibrations tend to collect 
bubbles at nodes and join them to make large bubbles that rise from the 
liquid. 

Ultrasonic waves in gases have been applied to fog dispersal over 
an airfield in France (26) and for agglomeration of particles in flue gas 
and other industrial gas processes (89, 90, 91). In fog dispersal, burners 
brought moist air into the vicinity of ultrasonic whistles, where pressure 
waves were intense. Small droplets of water were agitated and collected 
into large drops that fell as rain. 

Aerosols have been collected from large volumes of gas by siren - 
generated ultrasonic waves. The waves were reflected from an opposing 
surface to produce a field of standing waves of maximum intensity. Parti- 
cles or droplets suspended in the gas collected at nodes and agglomerated 
until sufficiently heavy to fall from the field. This application is illustrated 
in Figure 12. 

- 

' 
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The procedure involved in ultrasonic drilling, machining and 
deburring is illustrated in Figure 13. Small particles of abrasive are 
accelerated by a cutting head and driven with tremendous force against 
material to be cut. A continuous stream of abrasive particles, in liquid 
suspension, is directed over the material and collected below. The face 
of the cutting head also is worn by this process, but by proper selection 
of head this erosion can be reduced to a fraction of the desired cutting 
action. Holes, threads, and internal and external contours of any shape 
can be cut readily with no apparent pressure applied to the material. 
The process works best on brittle materials (77, 104). 

Welding with ultrasonic energy is confined to thin sheets and wires, 
but may serve to join like or unlike metals . Heavy concentration of ultra- 
sonic energy at the union of metals produces a high- strength weld at low 
temperature. The action of ultrasonic energy in soldering produces 
cavitation in molten solder, thereby removing dirt, scale, oxide and other 
contaminants, so that a good connection is made without use of flux. All 
applications studied had a separate heat source for melting the solder. 

In research 

Ultrasonic energy in research work has produced good results. 
Thorough cleaning, emulsifying, and defoaming help provide close control 
over research variables. In addition, ultrasonic energy produces a cata- 
lytic effect in some chemical reactions and, under certain conditions, has 
been found effective in both polymerization and depolymerization. 

Applications normally requiring high power, such as defibering 
and reducing particle size, have been practical in laboratory operations, 
because efficiency and power consumption are secondary considerations. 
Specimens can be prepared by ultrasonic energy for examination by 
electron microscope and for other physical and chemical studies . Ex- 
traction of plant material and separation of extremely small particles 
also are research applications of ultrasonic energy. 

One source (132) stated that new ultrasonic instruments are avail- 
able for the following uses in research laboratories: 
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Stirring. 
Vaporizing. 
Bacteriological extraction. 
Specialized cleaning. 
Differential etching. 
Deagglomerating. 
Controlling chemical reactions. 
Measuring flow. 
Precipitating particles. 
Accelerating aging. 
Agitating molten metal. 
Emulsifying. 
Measuring viscosity. 
Sorting micron -size particles. 

As indicated by the above list, many beneficial effects may result from 
application of ultrasonic energy. Specialized applications of this energy 
probably will be far more extensive than presently is realized. 

In testing 

Three basic characteristics of ultrasonic response have been 
applied to the field of testing: 

Reflection or absorption of energy 
at an interface. 

Change in velocity of wave propagation 
with variation in material properties 

Change in absorption or dispersion of 
energy with variation in material 
properties. 

Commercial instruments have been developed to detect voids, in- 
clusions and discontinuities, measure thickness, and measure level of 
liquids. In some applications, the transducer produces waves as a pulse 
and also acts as receiver, to detect the reflected waves (Figure 14). Time 
history of the reflected wave is displayed on an oscilloscope, and size or 
shape of the signal is used as an indication of thickness or condition. In 
other applications, a separate transducer is used as receiver (Figure 15), 
and the input signal from the initiating transducer is compared with signals 
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from the receiving transducer. In this instance, the receiver is located on 
the opposite side of the test specimen from the transmitter, and waves sent 
may be in the form of pulses or continuous signals. An instrument has been 
developed in Great Britain (147) to detect flaws in wood members or in live 
trees. 

Ultrasonic energy can serve to detect changes in density, moisture 
content, or continuity, providing only one property is changing at a time. 
The degree of cure of a glue line also can be determined from reflected 
signals, by taking into account both reflection and absorption of energy at 
the glue line. 

Although commercial equipment has not been developed for these 
purposes, depth of plating, depth of case hardening, and degree of crystal- 
lization in metals, as well as engineering properties of any material, 
probably can be determined by ultrasonic waves . Some work has been 
done (120) in relating natural frequency, Young's modulus, and density of 
wood beams in the lower flexural and longitudinal nodes of the beams. 
Low frequencies (300 -4000 cycles a second) were investigated. A study 
is being made in Canada (142) of frequency response from rotating brushes 
for detection of blisters in plywood panels. 

ADVANTAGES OF ULTRASONICS 

In literature pertaining to application of several types of ultrasonic 
equipment, improved quality of product is claimed as a major advantage. 
Intensity and high frequency of pressure fluctuations associated with cavita- 
tion produce emulsions of increased fineness and stability, and improve 
blending and homogenization. Improved flavor is claimed for ultrasonically 
extracted hops and for ultrasonically homogenized peanut butter and choc- 
olate. Cleaning, degreasing, and descaling are thorough and uniform. 
Machining by ultrasonics produces surfaces, contours and dimensions that 
can be controlled to close tolerances, especially on small delicate objects 
and with brittle materials . Colors obtained with ultrasonic impregnation 
of dyes are of added depth and uniformity. Welds produced by ultrasonics 
are strengthened, are of increased uniformity, and are controlled with 
augmented ease. 
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In many applications of ultrasonic equipment, processing is faster 
than with other methods. In processes such as cleaning, time required 
is short, because scrubbing action is repeated tens of thousands of times 
each second. Penetration of liquids into paper, fibers, and hides is 
speeded by ultrasonic energy, and in many instances, penetration also is 
deeper and more uniform than with other methods. Homogenization, 
emulsification, defoaming, and extraction also are accomplished quickly 
with ultrasonics. Where power requirements are low and equipment 
costs are comparable, saving in time is synonymous with decreased 
manufacturing costs. 

In most instances, there is more than one way to do a given job. 
A task that could be accomplished by one method only would be difficult 
to find, Making possible new products is a question of practicality, or 
state -of- the -art, of various applications . Ultrasonics does make 
practical the detection of defects in living trees and large beams, and 
gauging the thickness of materials that are inaccessible to other means 
of measurement. Emulsions that are not possible by conventional emul- 
sifying methods are possible with ultrasonics, and contours and materials 
in forms impractical to machine by conventional methods can be machined 
with ultrasonics. 

Undeveloped areas of application may exist, such as controlled 
polymerization or depolymerization, in which ultrasonics may make new 
processes or products possible. 

Capital investment for production of ultrasonic energy varies 
widely with application. Certain minimum costs for equipment using 
electrical energy are set by cost of associated electronic components. 
The minimum investment for equipment for mechanical conversion is not 
so definite, because of the variety of possible methods for energy con- 
version, Investment increases with size of application, and one reference 
(20) states that large -scale operations at 20 kilocycles a second can be 
made for about $1 for each watt of installed power. Smaller installations 
and applications with higher frequencies easily could cost three times 
that amount, Another reference (132) stated that laboratory -scale equip- 
ment could be obtained for as little as $195.00. 

In many applications of ultrasonics, power requirements are low 
and power consumption is unimportant. This is true in most testing and 
measuring, as well as in small -scale cleaning and mixing. In applications 
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where electrically driven transducers are used and where high -power output 
is required, power costs increase rapidly with increasing power demands, 
because of low efficiency of transducers. Successful application of mechan- 
ical energy conversion, however, may raise efficiency to the point where 
high -power applications will become feasible. Efficiencies of 60 per cent 
have been reported for an ultrasonic siren, at frequencies lower than 34 
kilocycles a second (16). 

DISADVANTAGES OF ULTRASONICS 

In the past, the most consistent problem in attempted applications 
of ultrasonic energy with high -power output has been low efficiency of 
energy conversion. Most studies have been made with electrical energy, 
since necessary equipment usually is available in laboratory -size units. 
Although many studies have been made of prospective applications, few 
large -scale industrial installations have been made, largely because of 
excessive cost of installation and operation of equipment that is commer- 
cially available. 

Another problem in application of ultrasonic energy to processes 
involving liquid has been that of energy absorption and dissipation. In 
many instances, energy is absorbed locally, near the source, so that 
each unit of process material must be brought near the source of energy 
to get a uniform effect, or a large number of transducers must be em- 
ployed. Since distribution of energy can be controlled by shape and loca- 
tion of transducers, this problem can be reduced to some extent. 

When ultrasonic energy is to be applied to an object, a transducer 
must be coupled to the object in a manner such that maximum energy is 
transferred. This requires a liquid or mechanical connection that is 
difficult to establish in many applications. 

Ultrasonic energy, dissipated or diffused in a liquid or solid, is 
converted to heat; in instances where addition of heat is undesirable, 
cooling must be provided. 
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Ultrasonic energy can have deleterious effects on human nerves and 
tissue, as evidenced by "noise sickness" and studies made on mice and 
frogs. Any installation with sufficient output of energy to be dangerous 
should be insulated acoustically and checked by sound -level monitors and 
warning systems. 

APPLICATIONS TO WOOD PRODUCTS 

Existing industrial equipment and techniques are available to the 
wood industries, as are research tools and testing devices, The question 
is , how do these methods and this equipment apply to manufacture and 
treatment of wood products? ' For applications such as cleaning, descaling, 
and homogenization the answer is readily available. But what of effects 
of ultrasonic energy upon impregnation processes? In the manufacture of 
many wood products, particles, fibers, chips, lumber or poles must be 
impregnated, coated or mixed with liquid chemicals, preservatives, or 
resins. If existing ultrasonic equipment does not produce satisfactory 
results, perhaps a different frequency or application may obtain desired 
results, 

Although some workhas been done to answer these questions, much 
research would be required to answer questions regarding all potential 
applications of ultrasonic energy to the manufacture of wood products 
Some potential applications are in the following processes: 

Impregnating, penetrating, and absorbing. 
o Drying wood, fiber, or paper. 
e Cutting, sanding, and machining wood 

and plywood. 
o Heating wood or glue lines, 
o Testing timber or wood products. 
e Extracting and preparing specimens 

for study. 
e Dispersing particles or resin. 
o Agglomerating. 
o Reducing particle size and defibering, 

Fractionating pulp. 
e Separating particles by size. 
o Polymerizing or depolymerizing wood 

products. 
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Some of these potential applications will be discussed in detail to 
describe the present state of knowledge and prospects for success of 
various applications. 

Impregnating, penetrating, absorbing 

Ultrasonics has been applied to several processes for impregnating, 
penetrating, and absorbing. Studies have been made on paper, pulp, 
cooked and raw chips, and test blocks of various types of wood. A three- 
fold increase in absorption of solutions by paper for equal immersion time 
was obtained by use of ultrasonic energy from a vibrating -reed generator 
(68). The same investigating agency studied impregnation of solutions 
into cooked and raw chips and suggested that increased penetration of wood 
preservatives might be attained with ultrasonic energy. Ultrasonic energy 
in textile and leather industries has resulted in improved impregnation 
(79, 103) and improved dyeing. 

A report on work done by Timber Engineering Company (TECO) 
indicated that some improvement in absorption and in free flow of water 
can be obtained by ultrasonic energy, but absorption, anti -swell efficiency, 
and penetration were better by pressure methods than by dip treatment or 
ultrasonic impulses (149). Other information, from a report of work done 
by American Railroad Curvelining Corporation, was that penetration ob- 
tained at atmospheric pressure and 150 F, with ultrasonic energy, com- 
pared with penetration obtained at 150 psi and 180 F, by conventional 
methods. 

Two problems encountered in impregnating wood chips and pulp in 
liquid suspension have been energy distribution and efficiency, according 
to Wethern (105). 

Paper and cloth for insulating material were impregnated by 
ultrasonic means in one -tenth the time required by conventional pressure - 
vacuum method (153). 

These reports indicate that ultrasonic energy has a beneficial 
effect on impregnation, and is most effective on fibers, small particles, 
and thin material. Additional investigation of variables, such as speci- 
men size, frequency variation, nature of penetrant, pressure, density, and 
moisture content of wood, is needed before information about impregnation 
is complete. 

-. 
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Drying 

Little information was available on use of ultrasonic energy for drying. 
One source (27) stated that acoustical energy literally squeezed moisture from 
textile fabrics, pharmaceuticals, soap powders, and foodstuffs. One problem 
in drying a wet pulp web is in coupling the energy source to the web without 
excessive disruption of the web. Experiments by Gaines (109), in 1932, in- 
cluded subjecting a cork to intense audible sound. Interior of the cork was 
charred badly within 2 minutes . Such internal heating might be of considerable 
value in drying lumber. The test was made at 8900 cycles a second, well 
within the sonic range. Work by Lemlich (80) indicated an increase in heat - 
transfer coefficient with low- frequency vibration (39 -122 cycles a. second) to 
the extent of quadrupling the coefficient. By a similar effect, that is, by 
reducing temperature and moisture gradients of boundary layers, increased 
drying rates might be attained with wood products. An increased rate of heat 
transfer in existing drying facilities could save appreciable capital investment 
by reducing requirements for steam coils. 

Basic research is needed in drying, to define effects involving wood 
products. In studies of drying lumber and other wood products, frequency 
should be a primary variable, since resonance of the wood -cell structure 
could be a major factor governing results. Transmission of energy by air 
and liquid, as well as direct coupling of energy source to wood, should be 
considered. 

Cutting 

Sonically activated cutting devices offer intriguing possibilities that 
as yet have received little attention. Cutting, machining, drilling, and 
deburring in industries based on metals and brittle materials use the 
principle of accelerated abrasives almost entirely (77, 82, 104). The 
possibility of using ultrasonically driven cutting tools was indicated in 
experiments by Wood (31), in which a wood chip was pierced by an ultra - 
sonically activated glass point oscillating 300,000 times a second. This 
glass tip also pierced glass, and when held tightly between the finger tips, 
produced burns. This work was done in 1928. Work by Bodine Soundrive 
Company of Los Angeles indicated dependence of cutting rate on frequency (69). 

Benefits to be derived from devices sugges.ted by experiments des- 
cribed above are considerable, if practical application can be made. Savings 
in saw kerf and finishing tolerances could account for greatly increased wood 
utilization. Close control of veneer peeling could permit small sanding 
tolerances anddecrease loss due to roughness and variation of thickness. 

. 
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Heating 

Heating effects of ultrasonic energy already have been mentioned in 
connection with drying. Heating effects also may be used to polymerize 
glue lines in structural members and plywood, or heat veneer blocks during 
peeling by concentrating energy near the block surface. Efficiencies 
obtainable with present transducers make these heating applications uneco -. 
nomical, but with development of low -cost equipment, a point might be 
reached where low capital investment would offset the disadvantages of low 
efficiency. 

The advantage of increased transfer of heat might make ultrasonic 
energy a valuable adjunct to drying, heating veneer blocks, or polymerizing 
glue lines, by increasing the operating speed of existing facilities. That is, 
treating time would be reduced if rate of heat transfer were increased. By 
nature, ultrasonic energy heats a material from the inside, under some 
conditions. This effect might have economic significance, since surface 
checking during drying might be reduced. Considerable speculation exists 
in the foregoing discussion of heating effects, but many of the unknown 
factors apparently could be determined by a few tests. 

Testing 

Success of ultrasonic methods of testing in many fields indicates a 
definite possibility of application in wood industries. Work in this field 
includes development of brushing- frequency -response techniques for de- 
tecting blisters in plywood (142) and development of equipment to detect 
flaws in wood and living trees (147). Some work also has been done by 
TECO (120) in relating natural resonant frequency, Young's modulus, and 
density of wood beams. 

Cross -arms of West Coast hemlock have been tested by a Sons- 
scope in an attempt to correlate physical characteristics of this wood with 
pulse velocity (42). In these tests, modulus of elasticity could be deter- 
mined within 10 per cent, based on pulse velocity parallel to grain. 

Ultrasonic techniques may serve to determine degree of cure and 
instantaneous rate of cure of glue lines in structural members, as well as 
continuity of glue lines (126), wood moisture content (138), areas of decay, 
and thickness and density of wood. Variations of these applications in other 
fields already have been made. The non -destructive nature of this technique 
and its application to large members make it potentially valuable for appli- 
cation to several wood products. 
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Ultrasonic techniques also have proved valuable as indicators of 
liquid level and in process and quality control. 

Preparing specimens for study 

High -power applications of ultrasonic energy can change the form 
of wood products. Ultrasonic treatment of cellulose fibers by Simpson and 
Mason (161) showed that physical changes, similar to those produced by 
conventional beating, result from such treatment, Microscopic examina- 
tion of treated fibers revealed two effects -- development of spiral fibrillae, 
and ballooning. Energy consumption, however, evidently was many times 
greater than that required by ordinary beating methods. 

Treatment of pulp in aqueous suspension, by Jayme and Rosenfeld 
(156), produced changes in fibers and cells of summerwood, general 
loosening of fibrillation, and enlargement of lumen, Swelling values in- 
creased markedly, but drainage properties did not increase. Ultrasonic 
treatment, combined with hydration, increased strength properties of pulp, 
but made fibers sensitive to cutting action. Most gains were made in 
internal tear and folding endurance. An excess of ultrasonic treatment, 
however, decreased fiber length and strength. 

Graten and Berg (151) treated spruce wood powder in boiled -out 
water with ultrasonic waves. Two components, cellulose and hemicellu- 
lose, were found. Increased solidarity was interpreted as splitting of the 
lignin- cellulose bond:: There was no cellulose disintegration. Other work 
showed the effect of ultrasonic energy on some fibrous materials, such as 
jute, hemp, cotton, viscose rayon, raw silk and wool (150), and on natural 
and regenerated fibers of cellulose, protein, and human hair. Single 
fibers were affected more by ultrasonic energy than were fabrics (157, 159). 

A study was made of destructive action of ultrasonic waves on 
aqueous solutions of chemically inert, inorganic particles . Best results 
were obtained when frequency was 500 kilocycles a second and concen- 
tration was 0.002 gram a cubic centimeter, according to Gartner (76). 

* This article was written in Swedish and information was taken from an 
abstract. What the authors mean by "increased solidarity" is not clear, 
but, because separation of lignin from cellulose is of interest to wood 
chemists, the statement has been included. No doubt, a full -text report 
of the investigation will explain the point. 
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Ultrasonic energy can produce appreciable changes in wood products 
and wood -using processes, although in general, to employ this energy other 
than on a laboratory scale has been uneconomical. Use of ultrasonics in 
preparing specimens for microscopic study and for extraction of components 
has been practical for research work. Other treatment methods may be- 
come practical as efficiencies of generators or transducers are raised. 
Sonic Engineering Company, Stamford, Connecticut, has shown that their 
ultrasonic homogenizers can defiber both pulp and rejects from groundwood 
screens. Further work is being - done to increase efficiency of this 
process (155). 

Effects of ultrasonics on liquid -solid extraction and in granular - 
solid fluidization are described by Thompson, Dudley and Sutherland (96) 
and by Morse (84). Extraction of oil from sand by ultrasonics is discussed 
by Fitzjerald (75). 

Dispersing, agglomerating 

The action of ultrasonic waves tends to agglomerate or disperse 
particles, depending upon conditions. In some instances, one size class 
of particle will be agglomerated, while other classes remain in suspension. 
Ultrasonic effects extend to minute particles, and micron -size particles 
can be separated effectively (132), Adams suggests that this effect might 
be used to fractionate a pulp suspension (68). In forming a mat, whether 
in the manufacture of hardboard, fiberboard, or paper, increased uniform- 
ity in distribution of both fibers and additives within the liquid might be 
obtained by selective application of ultrasonic energy. Such energy also 
might be applied to dry -forming processes in manufacture of hardboard 
and particle board. If airborne particles can be oriented or guided, in- 
creased uniformity in mat formation may result. At this time, this would 
have to be somewhat a "cut and try" process; not all variables and relation- 
ships between variables have been accounted for in these applications. 
Studies in this field might, therefore, prove beneficial. 

Other applications 

Further potential uses of ultrasonic energy in wood products are 
indicated by present applications in other industries. The effectiveness 
of ultrasonic machining is an indication of possible successful application 
in wood finishing. Frequency and amplitude of oscillation probably would 
be different from those used in machining metal, and a different abrasive 
slurry or tool probably would be used, but the principle might be applicable. 



-26- 

In considering debarking, energy absorption at an interface might result 
in disruption of the cambium layer and make practical a new process for 
bark removal, if a frequency for effective transmission through bark 
could be established. Tests with a flaw -detection instrument (147) 
bark to be practically impervious to ultrasonic energy of the frequency 
used; to test a living tree, a spot of bark had to be removed, 

Success of ultrasonics in agglomerating liquid droplets and parti- 
cles from industrial gases indicates another possible direct application 
to lumber and paper industries. Commercial applications of this nature 
have been made on the East Coast (74). Likewise, the natural defoaming 
and degassing action of ultrasonics may be directly applicable to some 
liquid processes of wood industries Adams (67) describes some effects 
obtained in defoaming surface coatings for paper, 

CONCLUSIONS 

Ultrasonic energy has been shown to be versatile, effective, 
and practical in many applications in research and industry. 

This form of energy is experiencing rapid expansion in both 
number and type of applications. 

Ultrasonic energy may have definite limitations in a particu- 
lar application, because of (a) high power costs due to low 
efficiency of energy conversion, (b) difficulty in coupling 
energy source to material, and (c) difficulty in obtaining 
desired distribution of energy. These factors must be 
considered in any proposed application of this form of 
energy. 

e Some promising areas of application of ultrasonic energy in 
the wood industries are impregnating, drying, cutting, 
heating, and testing. 

Additional basic and applied research is needed to evaluate 
potential applications to the wood industries, and to 
bring profitable applications to fruition. 

. 

.. 
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APPENDIX 

Partial List of Manufacturers of Ultrasonic Equipment 

Company Applications 
Frequency 

range 
Transducer 

type 
Power 
output 
Watts 

Acoustica Associates 
26 Windsor Avenue 
Mineola, L.I. N.Y. 

Aero Projects, Inc. 
West Chester 
Pennsylvania 

Alcar Instruments 
17 Industrial Avenue 
Little Ferry, N. J. 

Aloe Scientific 
5655 Kingsbury 
St. Louis 12, Mo. 

Birtcher Corp, 
4371 Valley Blvd. 
L.A. 32, Calif. 

Cleaning, degassing, 
decontaminating, de- 
greasing, heat quench- 
ing, pickling, solder- 
ing, level sensing. 

Soldering, welding, 
cleaning, emulsifying. 

Soldering, cutting, 
drilling, cleaning, 
welding, chemical 
processing, signal- 
ling, material vi- 
brating. 

Cleaning, brightening, 
polishing, decontami- 
nating, pickling, de- 
burring, plating, de- 
gassing. 

Blackstone Corp. 
921 Port Washington Blvd. 
Port Washington, N.Y. 

m 

25-40 kc 

5-1000 kc 

12-50 kc 

a 

i° 

x 

Barium titanate 
and Magneto- 
s trctive 

Nickel stack 
quartz crystal 

110 -2000 

Barium titanate 
ceramic (to 
order) 

Crystal, ::mag.- 250- 
netostrictive 10, 000 

J. m 

J 

* Details of equipment not available in literature studied. 

* * 

M .4 m 
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(Continued) 

Company Applications 
Frequency 

range 
Transducer 

type 

Branson Ultrasonic Co. Cleaning, plating, 
194 Richmond Hill Ave quenching, pickling, 
Stamford, Conn. dyeing, emulsifying, 

measuring, flaw de- 
tecting. 

Brush Electronics Co. 
3405 Perkins Ave. 
Cleveland 14, Ohio 

Bodine Soundrive Co. 
3300 Cahuenga Blvd. 
Los Angeles, Calif. 

Cavitron Equipment Co. 
4226 - 28th Street 
Long Island City, N.Y. 

Curtis -Wright Corp. 
Caldwell, New Jersey 

Detrex Chemical In- 
dustries, Inc. 

P. O. Box 501 
Detroit 32, Michigan 

Emil Greiner Co. 
20 -26 N. Moore St. 
New York 13, N. Y . 

General Ultrasonic Co. 
67 Mulberry St. 
Hartford 3, Conn. 

Surface roughness, 
cleaning, emulsifying, 
degassing, mixing, 
homogenization, de- 
polymerization, dis- 
persion. 

Drilling, cutting, 
pumping. 

Mixing, emulsifying, 
depolymerizing, homo- me 
genizing, hops extraction. 

Power 
output 
Watts 

36-430 kc Ceramic, bar- 2000 
ium titanate 
(focussing) 

100 -1000 
kc 

25 kc - 5 

Cleaning, soldering, 
mixing, distillation, 
extraction, 

10-50 kc 

Cleaning. degreasing. 20 kc 

Ceramic 

Pneumatic 

Magneto - 
s tri c tive 

250 

100- 
400 

Barium titanate 30 -100 

Electrostrictive (Gen.) 
400- 
7500 

* Details of equipment not available in literature studied. 

x 
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(Continued) 

Company Applications 
Frequency 

range 
Transducer 

type 

Gulton Industries 
210 Durham Ave. 
Metuchen, N. J. 

Magnaflux Corp. 
7300 W. Lawrence Ave. 
Chicago 31, Illinois 

Massa Laboratories 
5 Fottler Rd. 
Hingham, Mass. 

McKenna Laboratories 
Santa Monica, Calif. 

Photocon Research Prod. 
421 North Foothill Blvd. 
Pasadena 8, California 

Raytheon Mfg. Co. 
100 River Street 
Waltham 54, Mass. 

Sheffield Division, 
Bendix Aviation 
Box 893 
Dayton 1, Ohio 

* 

m 

Cleaning, dyeing, pro- 
cessing, degreasing, 
dissolving, filtering. 

Cleaning, mixing, 
dispersing, homo- 
genizing. 

x 

24-26 kc 

1 mc 

Solar Mfg. Corp. 
4553 Seville Ave. 
Los Angeles 58, Calif. 

Sonic Engineering Corp. Homogenizing, emul- 22 kc 
146 Selleck St. sifying, dispersion, 
Stamford, Conn. mixing, defoaming, 

defibering. 

Sperry Products, Inc. 
1000 Shelter Rock Road 
Danbury, Conn. 

* 

Magneto- 
strictive 

m 

4 

Vibrating reed 

r 

Powe r 
output 
Watts 

50 -400 

50 

k 

k 

* Details '4f equipment not available in literature studied. 

x 

x 

x x 

; 

* 

* 



OREGON FOREST RESEARCH CENTER 

Two State programs of research are combined in the Oregon 
Forest Research Center to improve and expand values from timberlands 
of the State. 

A team of forest scientists is investigating problems in forestry 
research of growing and protecting the crop, while wood scientists en- 
gaged in forest products research endeavor to make the most of the tim- 
ber produced. 

The current report stems from studies of forest products. 

Purpose 

Fully utilize the resource by: 

developing more by- products from mill and logging residues to use 
the material burned or left in the woods. 

expanding markets for forest products through advanced treatments, 
improved drying, and new designs. 

directing the prospective user's attention to available wood and bark 
supplies, and to species as yet not fully utilized. 

creating new jobs and additional dollar returns by suggesting an in- 
creased variety of salable products. New products and growing 
values can offset rising costs. 

Further the interests of forestry and forest products industries within 
the State. 

Program . . . 

Identify anddevelop uses for chemicals in wood andbark to provide mar- 
kets for residues. 

Improve pulping of residue materials. 
Develop manufacturing techniques to improve products of wood industries. 
Extend service life of wood products by improved preserving methods. 

Develop and improve methods of seasoning wood to raise quality of wood 
products. 

Create new uses and products for wood. 

Evaluate mechanical properties of wood and wood -based materials and 
structures to increase and improve use of wood. 
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WILLIAM A. WEST 
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The Forest Protection and Conservation Committee administers 
research funds and approves research projects projects. Present members are: 
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WALTER F. McCULLOCH 

LEE J. NELSON 

FREEMAN SCHULTZ 

Member at Large 
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