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ABSTRACT
Ultrasonics, the technology of high-

frequency sound, has been developed as a
viable means for locating most defects in
iumber for use In digital form In decision-
making computers. Ultrasonics has the poten-
tial for locating surface and Internal defects In
lumber of all species, green or dry, and rough
sawn or surfaced.
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INTRODUCTION

More efficient use of our Nation’s timber planed, or sanded), species (hardwoods or
resource can be realized by increasing softwoods), and point-of-manufacture (edger,
product yield through improved processing cut-off saw, rip saw, etc.) have an effect Ofl Sc-
techniques and equipment. At present, nearly curate recognition of lumber quality. Any
all processing decisions In the wood industry lumber scanning technology developed, un-
are made and executed by people rather than less for a very specialized application, wilt have
by computers. A poor decision usually results to be applicable to these various conditions of
in less product from the raw material and the lumber being scanned.
means that more timber must be removed Generally, the known flaw detection
from our forests to meet the wood product de- techniques fall Into two categories: those san-
mand. With the objective of relieving the de- sitive only to changes in surface qualities of the
mand on our forests, the Forest Service has in- material, and those sensitive to Internal, or
itiated research programs to Inorease utiliza- subsurface, qualities as well.
tion efficiencies through improved processing For some lumber scanning appilcations,
and decision-making techniques. The surface recognition alone will provide ads-
technoiogy exists to make the difficult quate information for making processing
processing decisions correctly with a corn- decisions. For most applications, significant
puter programed with carefully designed Improvements in product yield can be made if
decision-making algorithms (2,3,5).2! The a description of internal quality can be ob-
computer can, however, only make these tam ed.
decisions when supplied with a complete
description of the raw material quality in digital ( ( ( ( C C C C C ( ( ( C ( C ( ( ( ( ( ( C ( ( C C C ( C C ( ( C C ( C ( ( ( ( ( C ( C (  ( C ( ( ( ( ( ( CC ( ( ( (
form accurately obtained at production

• speeds.
Any attempts to devise a lumber scanner

for obtaining an adequate description of in-
dlviduai board quality for the computer must
take into account the wide range of conditions 1/ MaIntained at Madison, Wie., in cooperation with thegermane to the wood material referred to as UnI~,ersi~’ of Wisconsin.
lumber. Such conditions as moisture content 2/ Numbers In parentheses refer to literature cited at
(green or dry), surface quality (rough sawn, the end of this report.
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BACKGROUND

Surface Scanning Conversely, defects which have lIttle or no
One approach to sensIng surface quality contrast in color or light reflection, due to

i equines that the defects be visually identified species characteristics or a rough-sawn sun-
arid tagged with a iight-refiective or magnetic face, can be missed with this scanning system
mark. The locations of these marks are then (fIg. 1). The optical scanning techniques are
sensed by photoelectric sensing devices. A proficient at locating defects that have a dis-
variatIon on this idea Is to Index the location of tinct dark appearance in contrast to adjacent
lumber defect areas Into a computer using a clear wood, such as knots In pine lumber.
manually positioned pointer system. Both of One reported optical technIque is able to
these approaches rely heavily on human ability detect cracks and checks in lumber. The
(or Inability) to recognize and mark defects at technique uses a laser as a light source and Is
production speeds. being developed and tested by industry.

A popular approach to surface scannIng
wIthout human involvement is the use of op- Internal (Subsurface) Scanning
tlcal scanners to locate defects. Optical The location of internal defects in wood
systems, electronic Imitations of the human products requires a sensing technique that
eye, create images dependent upon the penetrates the surface of wood. Microwaves,
amount of light from the wood surface that X-ray, and ultrasonics are “through-
reflects back to a lens. Of particular Impor- transmission” flaw-detection techniques that
tance in considering optical scanning techni- are used in various applications to locate inter-
ques for lumber is that “What it sees is what nal flaws and are thought to be applicable for
you get.” Optical systems can record scanning lumber.
superfluous data that have to be identified end Microwave and X-ray. —Genera liy,
removed from the meaningful data. For exam- microwave an& X-ray flaw-detection tech-
pie, dark heartwood areas, dirt , and sticker niques function by measuring the amount of
and scuff marks usually have enough contrast electromagnetic radiation transferred through
In light reflection to be picked up as detects. a material. The amount actually transferred Is

•

~~~~~~~~~

‘ 

~~

• 

~~~~~~~~~~~~~~ 
:.:~ 

. 

~~~~~~~~~

- ~.
.c 

-~~~.. . -

____  
-

.

~~ ~~ 
- -“

~~ 
‘ 

* - -.:~~ ~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
. 

• 
_ _ _ _ _ _ _  

_ _ _ _ _ _ _

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -.•,
. 

-. ~~~~~~~~~ •.uJj•1~~ ~~~~~~~ ~d’- -

Figure 1.—Rough sawn herd maple board (top) and planed ponderosa pine board (bottom).
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a function of material density; thus a flaw the wood is a property closely associated with
associated with an excessive change In density this anlsotropy (1,4).
can be detected. In applying these density- Because the grain of clear wood Is nor-
sensitive flaw-detection techniques to wood, matiy straight (parallel to the longitudinal axis
some difficult problems are encountered. of a piece of lumber) and defective wood is
Flitc hes, fresh from the log, have a high , non- often associated with localized areas of dis-
uniformly distributed moisture content. This torted grain, the rate of sound travei across the
moisture has a relatively high density that grain of clear wood remaIns fairly constant for
overshadows any smaller density variations any given species, and the rate of Sound travel
tI’at may be attributable to wood defects, thus through defective wood Is significantly
limitIng the techniques to scanning lumber that different. Continual designing, modIfying, and
has been dried to a uniform moisture content. testing of the ultrasonic technique has reveal-
Furthermore , normal densIty differences ed that sufficient sound energy can be
between species would limit application to transmItted through wood to detect the grain
scanning one species per machine setting, or changes associated with defects. A three-
at best, species groups that have simIlar den- dimensional model of actual ultrasonic velocity
sities. measurements taken every ½-inch along and

Ultrasonics.—Ult rasonics is a science that across a piece of softwood lumber shows (fig.
deals with the effects of vIbratIons of UI- 3) the correlation between grain direction and
trasound and wIth the apparatus used to velocIty of Sound. Note the uniformIty in the
produce, measure, and record these waves velocity data shown in relation to the clear,
(9). Ultrasound (“ultra” = beyond) is high- straight-grain areas of the board. Obtaining
frequency sound beyond the audIble range of this “image” of the board from the sound
human hearing, velocity data provided the impetus to pursue

Positive results from early experiments in an automated lumber scanning system that In-
measuring ultrasound velocity in wood showed corporates the ultrasonIc technique.
significant differences in velocity In areas of
localized steep grain. Wood is anisotropic with Method
respect to sound, resulting in sound traveling Sound velocities are calculated from tran-faster along the grain than across the grain, sit time data obtained by a basic through-Further research has led to the design and transmission technique transmItting soundtesting of an ultrasonic technique for sensing through wood and measuring the elapsed timeand locating defects in wood products (6,7,8). (fig. 4). An ultrasonic wave is crested by shockThis research is based on the time it takes exciting the transmitting transducer with aSound to travel through wood of varying single pulse from the pulse generator. in thismoisture content and denslty. application, a 400-volt pulse of 1 ~sec duration

is used. When this pulse is InItiated, a time in-
terval counter for obtaining transit time starts
running. The transmi tted sound wave
propagates through wood immersed In a water

ULTRASONIC
THROUGH-TRANSMISSION RADIAL

TECHNIQUE FOR WOOD
The ultrasonic through-transmission

technIque for wood Is aided by wood’s
anisotropy. Wood has three perpendicular
axes: The longitudinal axIs Is parallei to the
fiber (grain); the radial axis is normal to the

radial directIon); and the tangential axis Is per- TANGENTIAL
growth rings (perpendicular to the grain In the

LONGITUDINALpendicular to the grain but tangential to the
growth rings (fig. 2). The velocity of sound in Figure 2.—Three perpendicular axes In wood.

M 140 728
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bath, and is picked up by a receiving PULSE 
Y 400 VOL T PULSE

transducer. When the receiver senses the GENERATOR
sound wave, the time Interval counter is L~~~stopped to got the transit time. The velocity of
sound in wood can be obtained after measur- __________ 

SI L

ing the distance between the transducers, TIME
measuring the thickness of the wood, and then 14’TERVAL
subtracting the time to transmit sound through COUNTER

the water. ooss.e61 STOP SIGNAL

Transducers are devices that transform
energy from one form to another. in this
applIcation, piezoelectric transducers were _____

used to transform high-frequency electrical I /

i t h l h f  Ienergy n 0 g - requency mec,.an.ca~ energy RECE/ V/ NC TRANSMITTING
and back again. Frequencies usually TRANSDUCER TRANSDUCER
assocIated with ultrasonic through- 8OARD
transmission techniques for sending sound L 
through wood range from 150 kHz to 1000 kHz. TEST TA NK

At the lower frequencies (150-200 kHz), the Figure 4.—SchQmatic of through-transmission
size of the piezoelectrlc element In the ultrasonic technique used to make
transducer Is 1.5 to 2 inches in diameter. With ultrasonic transit time measurements
thIs size, and with the large beam angie of the through wood. See figure 12.
sound created (fIg. 5), flaws cannot be located M 144 788

with much precision.
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Figure 3.—Three-dimensional model of sound velocities and the respective board area showing clear
wood and a defect.
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At the higher frequencIes (500-1000 kHz), a rough sawn surface of wood, as well as a
it is possible to get piezoelectric elements in sanded or planed surface—a phenomenon
the transducer as small as 0.5 to 1 inch in that broadens the potential field of application.
diameter . This smaller dIameter and higher
frequency means a smaller beam angie (11g. 5) Preliminary Results
and thus permits greater precision and better Sound velocities were calculated from
definition of defects in wood. transit time data taken on several species of

The water between the immersed board clear, straight-gralned wood samples (table 1).
and the transducers Is used as the ultrasonic These samples were carefully prepared to
couplant necessary to propagate sufficient provide the three perpendicular axes, and did
sound energy into and out of the wood. This is not contain any known detects such as knots,
based on the simlinrity of the specific acoustic crossgrain, decay, checks, or splits.
impedances of water and wood, which results in these tests, sound velocities were 2 to 3
in very little reflection of Sound at the times faster longitudinally along the grain than
wood/water boundaries. if the impedance radially or tangentially across the grain. Less
values of two media are quite different, such as difference was found between the tangential
for air and wood, considerable sound energy is and radial directions, although radial velocities
reflected at the wood/air interface (fig. 6). The were consistently faster than tangential
water, as a couplant, makes good contact with velocities. The sound velocities recorded In

I / (
~~5EAM

1 l i i i  I I I  
_ _ _ _ _ _

RECEIVER TRANSMITTER

\ \ ~ /50-250 *Hz F7?E~ E4CY

I 1.5- 2.0’s (VAMETER

BEAM

RECE/ VE<(((((( (( ((( (( ( (( (((( ( ( ( ~~ RANSMITTER

500- / 000 kHz PREQUE6’CY
0.5-/.0 ” OIAMETER

Figure 5.—Upper: The wide beam of sound is a result of the low transmitted frequency (150 to 250
kHz) and means poor resolution of a defect area.
Lower: The narrow beam of Sound is a result of the high transmitted frequency (500 to 1000 kHz)
and means good resolution of a defect area.
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Figure 6.—Schematic and received waveforms showing Sound reflection using air coupiant (top) and
water couptant (bottom).

Table 1.—Sound velocities for several wood species

Softwood Hardwood

Douglas- Western Easiern Ponderosa
Sound fir red cedar white pine pine Beech Hickory Red oak
propagation (dry) (~ y) idry) (green) (dry) (green) (green) 

rn/sec 

Longitudinal 4350 5850 4350 4390 6610 5270 4110
Radial 1980 2160 2470 1620 1980 2250 2040

1770 1980 1550 1460 1770 1680 1790

6



_

rotation from a longitudinal to a radial dlrec- line A to C, is across the width of the board to
tion continually decrease (fig. 7). The same is show the relationship between tangentlai and
true in moving from a longitudinal to a tangen- radial propagation of Sound. The board was
tial direction. However, the velocities obtained sawn after scanning to expose the grain
In movIng from a radial to a tangential direc- pattern along each scan. The pronounced
tion do not change consistently but slow con- changes in the transit times associated with
siderably about hallway through the rotation the iocalized steep grain around the knot can
(fig. 8). These results are attributed to the cell be clearly seen, along with the uniform transit
structure of the wood with respect to the aline- time data recorded from the clear, straight-
ment of the sound path between the transmit- grained wood (fig. 10).
ting and receiving transducers.

When transmitting sound through water
alone, through water and ¾-inch clear wood, Other Considerations
and through water, wood, and a knot, the The use of rolling transducers to contact
relative differences in the received ultrasonic the wood has been suggested to eliminate the
signal wave form and its arrlvai time can be water couplant and still have adequate cou-
seen (fig. 9). The faster sound velocity through pling of the sound to the wood. Experience and
the wood than through water alone verities that investigation Indicate that the rolling trans-
sound propagates through the cell wall struc- ducer covering needs to be wear resistant,
ture. Similarly, the knot and the associated and that the internal ultrasonic elements must
steep grain causes an increase in sound be small enough for wood detect IdentifIcation.
velocity as compared to clear wood. The rolling transducer also requires good

To illustrate the principle, transit times Contact between the transducer’s flexible cover
were recorded from a ponderosa pine board and the material being scanned. If the material
along three selected scan lines (fIg. 10) with Is rough-sawn lumber, then poor contact is
data taken along each scan. One scan along unavoidable, thus limiting the usefulness of
line C to D is clear, straight-grained wood, one the roiling transducer.
along line A to B Is through a knot with Focusing of the ultrasonic beam produc-
associated localized steep grain, and another, ed by the transducers is possible and has been

5,000 LONGITUDINAL 2,000 -

RADIAL

souN: 
~~~~~~ Y

2,000 - RAO~ L

GRAIN DIRECTION GRAIN DIRECTION

Figure 7.—The change in sound velocity from Figure 8.—The change in sound velocity from
longitudinal to radial axis in wood. tangential to radial axis in wood.

M 145 387 M145 385
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VELOCITY /490 rn/sec

WOOD-CL E~.i

VELOCITY 2/24 in/sec

WOOD-KNOT .r: :

VEL OCITY 2. 852 rn/sec

Figure 9.—VelocIty and received waveforms of sound propagated through water alone, through clear
wood, and through a knot.
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Figure 10.—Upper: Scanning paths on a ponderosa pine board through a defect (A to B) and through
clear wood (C to D).
Lower: Edge view of wood and corresponding ultrasonic transit time da~ showing the relative
changes that occur .
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considered as having potential for locating titanite, lead metanlobate, or lead zlrconate. in
lumber defects, but has had limited investiga- our experience , commercially available
tion. It is understood that maintaining the cor- transducers made from lead matanlobate or
rect distance between the transducer and the lead zirconate have been adequate. When a
material (wood) Is critical to the focal point of a specific application is developed, the potential
focused beam of sound. Varying wood exIsts for further refInement of the ultrasonic
thicknesses make such a system unfeasible. signal levels through improved design of the

The piezoelectric crystal element In the ultrasonic transducers.
uitrasonic transducers Is usually barium

f ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ( ( ( ( ( ( (
~~W~~(( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( ( U ( ( ( ( ( ( ( ( ( ( (  (U( ( ( ( ( (  (( ( ( ( ( U((

E X P E R I M E N T A T I O N

Experimenta l Lumber Scanning 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :‘c~~~~System are taken at regular intervals along and across

A computer-controlled lumber scanner, a board , normally at ½-inch Increments for
called a defectoscope (fig. 11), was built to test testing purposes. The X-stepping motor con-
and demonstrate the principle of the ultrasonic trols the movement of the transducers along
lumber-defect detection technique. the length of a board with an accuracy of 1/200

This system was designed as a prototype inch. The Y-stepplng motor controls the posi-
to model the critical parameters associated tion of the transducers across the width of a
with a commercial lumber scanning applica- board with an accuracy of 1/1600 Inch. The
tion, as well as to provide for positioning and carriage, driven by the X- and V-stepping
control of the transducers. motors, firmly holds the transmitting and

Under direct computer control, X- and Y- receiving transducers at a fixed distance apart .
stepping motors accurately move a pair of ul- Various arrangements of multiple transducer
trasonic transducers along a board immersed assemblies can be mounted on this carriage

-
~~~~ —b ,.

_ _ _ _ _ _ _ _  

I • It

_ __ 
LJ~~— i’rtø~Lk~

• FM

L 

Figure 11.—The computer-controlled lumber scanning system for laboratory evaluation of ultrasonic
lumber detect detectIon.

M 140 796
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for testing under computer control. description is a binary classification of each
The computer, given scanning instruc- area made by comparing every two adjacent

tions by an operator via teletype, has complete transit times along each scan line. If adjacent
control of the scanner , positioning the transit times differ by less than a preset
transducers , and collecting the transit time dIfference, ~t, the area is designated as
data (fIg. 12). Data are stored on magnetic tape “clear.” it the difference Is equal to or greater
for analysis after scanning is complete. than At, the area is classified as “defective.”A computer-controlled line plotter is con-
nected to the system for output of the results Formula Classification

I.. obtained from the lumber scanner. The plotter
will make X,Y pen movements In 0.01 -inch in- Ft. - t. 1 < .~t “Clear”crements at a speed of 400 Increments/se- L I I +li
cond.

I . [t~ - t . > At “DefectIve”r Data Analysis for Defect Location I —

Transit time data from each board
scanned are recorded to the nearest 0.01 sec The preset difference, At, is a variable
and stored in the computer for analysis. A dependent upon the defect resolutIon desired
contour plot (fig. 13, upper) of transit time data, for a particular configuration of the ultrasonic
where each contour line represents equal apparatus at the time of scanning. Results of
values, shows the strong correlation between the analysis using different At’s from 0.1 psec
the visible graIn pattern (fig . 13, center) of the to 0.9 ~sec at Increments of 0.2 psec reveal the
board scanned, and the data. Knowing that this changes In classifIcatIon of defect areas that
correiation did exist enabled the Investigation occur over the range of At~s (fig. 15). The At
of various methods of analyzing the data to selected to get the best resolution is also
obtain the location of the defects on the affected by the distance between data points
board (6,7). and/a’ transducer diameter.

The data analysis algorithm selected was This approach to processing transit time
designed to classify the board area scanned as data separates those areas of the board that
being either defective or nondefective. Each exhibit sharp changes in sound velocities from
area classified was a square centered on the those areas that have gradual changes
scan line, and located between the data points associated with normal, clear wood. Often,
(fig. 13, lower , and fIg. 14). This mathematical sharp changes in sound velocities do not oc-

X STEPPING MOTOR
_________ 

TRANSDUCER 
__________________

[III~ 
.

-.... ~~~ POSITIONING 
______________

[INTERFACE 
V STEPPING MOTOR~~TELETYPE COMPUTER

I I

~~~~
IOTTE

~~~~~~~~~~~~~~~~~ 

~~[~~~~~fAC~~
J

~~~~~~~~~~DAA

Figure 12.—Schematic of computer-controlled lumber scanning system showIng lines of communica-
tion for transducer control and data collection. See figure 4.
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______ 

cur inthe center ot defecta, glvlng thefalse lm- The sawing algorithm selected for
pression these areas are dear. demonstration simulates a finger-jointing

A normal procedure for locating defects operation producing wood moulding. it con-
in a ¾-Inch pine board is to use ½-Inch- siders total board size, defect location, saw
diameter, 1,000-kHz transducers positioned 4 kert, minumum length of usable clear cutting,
Inches apart, with data recorded every 1,4 inch and desired widths of clear cuttings. in this
along each scan and across the board. With process, random-length clear cuttings are
this setup, a difference ievel (At) of 0.5 psec is produced by first ripping the lumber into
used to classify the board areas. predetermined widths, and then crosscutting

out the defects. All permutations of rip widths
j  Using Defect Location in formation that occur from one edge of a board are con-
j  To demonstrate the application potential sidered. For each permutation, a “percent

of having a two-dimensional model of defect clear yield solution is calculated, and corn-
locations In a computer, a sawing algorithm pared to the previous best solution.
was designed which maximizes the percent The best solution Is plotted under corn-
clear area sawn from a board scanned by the puter control showIng the board outline, the
defectoscope system using the ultrasonic defect areas, and the rip and crosscut
detect sensing technique, solutions (fig. 16). The undesirable localized

~~~~~~~~~~~~~~~~~~~~~~~~~~

a

Figure 13.—Upper: Contour plot of ultresonlc transit time data, showing the close correlation to the
grain pattern of this pine board.
Lower: Plot of the results of defect analysis designed to provide a mathematical description of
this board.

N 147 971 N 147 972
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Figure 14.—Upper: Locations of transit time readings on scan lines form squares.
Center: Shaded squares represent six defective areas.
Lower: Defective areas are outlined to Include unusable material.
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Figure 15.—Defect analysis resulti for various difference levels, At’s, ranging from 0.1 ilsec to 0.9 sec.
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Figure 16.—A section of a board ultrasonically scanned showing the ripping and crosscutting solution
to remove defects and obtain clear cuttings.
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steep grain associated with most defects Is not Given the existing numerical control
included in the ends of cuttings determined to technology and the demonstrated capability of
be clear. After a board had been scanned for the ultrasonic lumber-defect detection system,
defects, it was ripped and then crosscut accor- it Is assumed that saws could be numerically
ding to the computer’s decision. An overlay of controlled by this system to do the actual saw-
the actual defect locations was used to ing instead of the plotter drawing the board, its
evaluate the results and make comparisons defects, and the sawing pattern.
with the area removed by sawing (fig. 17).
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Figure 17.—Closeup of defects removed after making a sawing decision with the computer after
defects were located. Board from figure 13.
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I
COMMERCIAL APPLICATION

POTENTIAL

The ultrasonic lumber scanning system To avoid the problems associated with
has profoundly demonstrated that a mathe- significant numbers of transit time data and
maticai description of lumber quality can making defect decisions in the computer, con-
be electronically obtained in digital form sideration was given to making a defect deci-
and that processing decisions can be made by sion immediately upon receiving the sound
the computer with this Information. However, pulse through the board. This entailed
this system is a laboratory device, not corn- transmitting a sound pulse through the board
merciaiiy applicable to an industrial situation and comparing its arrival times at two adjacent
that requires handling and scanning boards at receiving transducers (fig. 18). The difference
production speeds. in arrival times was computed as clear (“go”)

or as defective (“no-go”). Efficiency is im-
Multiple Transducer Concep t proved by transferring only one data bit In-

Early in the ultrasonic defect sensing dicating a “go” or “no-go” condition at every
research program, it was determined that decision point on a board rather than
commercial application would require the transferring the 48 bits necessary in deter-
ability to move the board past a bank of mining transit time data. Handling the single
transducers, without the calculating, handling, data bit is simpler and results in less electronic
and analyzing of iarge volumes of transit time noise Interference.
data. For example, a 12-Inch-wide, 16-foot- Electronic crosstalk between adjacent
long board has 4,096 transIt-time data- receiving transducers, a potential problem,
collection positions that amount to a rate of was found to be manageable when the ½-inch-
25,600 data points per minute in scanning at diameter receiving transducers were mounted
100 lIneal feet per minute, or 153,600 data on ¾-inch center. Tests comparing this
points per minute for scanning at 600 lineal method of obtaining defect location with the
feet per minute. original comparison of transit time data show

similar results.

KNOT

R2ci~~~~~~~~~~~~~~~~~~~~~~~~~ 

mANSM,TTERCIRCUIT 
RI

~~EAR i$~X

Figure 18.—Two transducers are used to receive the transmitted sound pulse for comparison of the
sound velocity through wood at two points.
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Longitudinal Scanning straight line. This is similar to the difficult
The Laboratory scanning system de- problem of moving a board in a straight line

scribed here holds the board stationary In a through a rip or edger saw .
water tank, while a single pair of transducers
is moved back and forth along its length until A number of disadvantages to thli system
all data are obtained. At this rate, a 12-Inch- are evident:
wide, 8-foot-long board is scanned in 4 1. Scanning speed of 150 lIneal feet per
minutes (about 120 bd. ft./hr.). minute was only a fraction of the rate of 600

In designing a commercial ultrasonic lineal feet per mInute that would be required
lumber scanner, the initial approach was to commercially.
have a bank of transducers covering the full 2. There appeared to be no way to design
width of the board, with the board moved around the problem of excessive water lou in
lengthwise between the transducers. A tank scanning unedged fiitches.
long enough to accommodate lumber 16 feet 3. ExcessIve space would be required in
long was considered to be Impractical, and an a mill for the longitudinal movement of the
alternative was sought. The alternative re- lumber.
qulred a “water dam” arrangement to accom- 4. The system could not adequately
modate the necessary water couplant between resolve defect location In the width dIrection
the transmitting and receivIng transducers. where It is most important.
The last design for longitudinal scanning in- 5. Alinement of lumber passing through
cluded a single water gate on the input end the scanner could not be adequately con-
with the board moving upward at an angle (fig. trolied.
19). Water lost around the board at the input When a new concept—transverse scan-
gate would be pumped back into the scanning ning—was conceived without the above
tank. The scanning speed of this design was limitations, the longitudinal scanning system
calculated to be less than 150 lIneal feet per was abandoned.
minute, or about 9,000 board feet per hour.

One of the difficult problems in the design Transverse Scanning
of the longitudinal scanner was scanning un- The nw#~ concept, designed to overcome
edged fiitches (fig. 20). It was found that too previous di~ficulties, involves moving the
much water would be lost due to the irregular board transverseiy past ultrasonic transducers
profile and tapered edges. Another problem that span the full board length. This approach
was the need to maintain longItudinal move- permits a slow scanning speed, allows the
ment of the board past the transducers in a scanning of unedged boards, provides ade-

quate defect resolution, and adapts well to
present product flow rates.

The board transporting mechanism con-
sists of opposing sets of chains that carry the
boards into the water cou plant and past a bank
of transducer modules. The chain sets are
staggered so the chain does not obstruct the
transducers (fig. 21). The chain sets maintain

board thicknesses.

equal pressure and constant speeds when
transporting unedged boards and varying

The transducer modules are designed to
hold 17 half- inch-diameter receiving
transducers spaced ¾ inch on center. Each
module has a scanning path of 12 Inches. By

Figure 19.—Proposed method of scanning incorporating the comparative technique for
lumber mov’ng longitudinally past a bank locating defects, each module will provIde 16
of ultrasonic transducers that spans the bits of “go” or “no-go” Information. Alternate
full width of a board. modules are staggered, with the end
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Figure 20.—Unedged lumber flltches as they are sawn from a log.
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transducer of each module scanning the same TOP V/(W

path as the end transducer of the next module
(fig. 21). The transmitting transducers will be _________

directly opposed to the receiving transducer
banks. _______

A scanning rate of 50 feet per minute will 8ANKS
mean an actual product flow rate of 800 to 850 

______ ______lineal feet per minute. Data, handled by a 
_____ 

V ...,. ~~~~~
______ 

_______

microprocessor, can be taken every 1/10-inch
across the board width, giving excellent TI

resolution to defect width. One concern with
thIs approach is the large number of ultrasonic
transducers necessasry to span the full board
length. Simpler design, increased flexibility,
and smaller space requirements are expected
to offset this concern.

A board profile scanner using an optical
technIque and a board identification marking ,‘.‘~

‘.. N
system are included in this scanner design. ‘..

These functions, obtained before the board N 
~enters the water couplant, are necessary In ad- - -

~~~ 
~~~ rc~~~~~

-vao
dition to defect location to make and execute rftN~54~~Tl

the sawing decIsions. ‘

(NO yEW

Figure 21.—Upper: Proposed 1-foot trans-
ducer modules arranged for 100 percent
scan of a board and enabling handiing
with chain conveyors.
Lower: Side view of chain conveyors
proposed for moving lumber sideways
(transversely) into a tank of water and
past the ultrasonic transducers.
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SUMMARY

The research reported in this paper has than one flaw-detection technique.
been aimed at eventual development and use Research efforts have been intentionally
of a production-type lumber scanner that will aimed at distinguishing between clear areas
scan at production speeds. An ultrasonic and defect areas in wood. However, many
system is now capable of describing lumber decisions made in processing lumber involve
quality in digital form so a computer can make permitting certain defects or blemishes In the
and carry out complex processing decisions to product where they might enhance final
maximize conversion efficiency. The ultrasonic product appearance or where they will not
lumber-defect-detection system described in show in the final product. Being able to locate
this report has been demonstrated to be a the defects will allow the computer to place
viable means for locating defects in lumber of them In an acceptable position at the time the
all species, green or dry, and rough sawn or processing decision Is made. Additional
surfaced. research is necessary to determine if defects

f With any f law-detect ion system can be type classified so that certain ones,
developed for detecting defects in lumber, such as Sound knots, can be excluded as
there will be detection errors; some from Iden- defects in the processing decision.
tifying too much area as defective, and some Successful application of these reported
from missing defective areas. It is known that research results will require a difficult but
the ultrasonic technique, as developed, will not presumably possible conglomeration of dis-
reliably locate all of the defects found in ciplines to eventually realize a commercial
lumber. Defects such as cracks, splits, and lumber scanning system that will operate at
grub and worm holes can be oriented in such a production speeds. These talents Include
way that the Sound waves are undisturbed by mechanical and electrical engineers along with
their existence, and therefore escape detec- interested personnel from the wood industry,
tion. Future refinements and improvements to machinery manufacturers , the computer in-
the technology are expected to keep these dustry, and the electronIcs lndustr~.
errors to a minimum. Optical techniques for Finally, It has been determined that sound
locating visible surface defects would seem to can be successfully propagated through wood
complement the ultrasonic technique quite for detecting defects. in the future, ultrasonics
successfully, as well as to provide board couid possibly lead to determining internal
profile data to the computer. Through ex- quality in logs, and making computerized,
perience in this research, it is expected any quality-based, log-sawing decisions.
lumber scanning system will incorporate more
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