
fl. • • 

Foiintdc Canada Corp. 
2665 East MaU, 
Vancjouver, B.C. 
Canada, 
V6T 1W5 

Application of Ultrasonics 
and a Slope of Grain Indicator 

to Detection of Compression Wood in Lumber 

by 
Ernie A. Hamm 

Conroy Lum 

prq)ared for 

The Science Council of B.C. 
4710 Kingsway, Suite 800 

Bumaby, B.C. 
V5H 4M2 

July 2, 1991 

Contract No., 12-71-K-437 

Ernie Hamm 
Research Scientist 
Lumber Manufacturing 

Research Scientist 
Wood Engineering 

ld.Q. Mackay 
Manager 
Lumber Manufacturing 





SUMMARY 

An ultrasonic materials evaluation system was tested for its ability to identify compression wood in 
green hem-fir lumber. The system operated at frequencies of 200-400 khz and used 32mm tolling 
contact transducers to obtain ultrasonic pulse transit time and amplitude data. A computer data 
acquisition system and a linear displacement transducer was used to obtain measurments at 1mm 
intervals across the width of 31 blocks with cross section of 26x90inm. These small blocks had been 
cut from 13 full length, 5 x 10 x 240 cm pieces, with from 1 to 4 subsamples per sample. The sample 
blocks were divided into 3 growth ring orientation classes, with some samples containing compression 
wood in each class. All measurements were made on rewetted material, since positive identification 
of compression wood is best done on dry material. 

The transit time data was converted to slowness, v/iuch is the inverse of velocity, and plots woe made 
of slowness and amplitude versus distance from the leading edge for each sample block. It was 
observed that decreases in slowness accompanied by large fluctuations, along with decreases and larger 
fluctuations in amplitude were present over large segments of the width for most of the samples, which 
was considered to be noise due to micro-checks introduced during rewetting. In areas where 
compression wood was present the amplitude increased and tended to become smoother. Noise was 
present in all of the vertical and mbced grain pieces, and only in some of the flat grain material. The 
amplitude data was filtered by fitting a moving line segment across the width and then rejecting portions 
of the vector which had means and standard errors below a certain experimentally determined value. 
A general algoritiim was then developed to sort out compression wood-containing pieces. The 
algorithm consisted of using a cubic spline to smooth the slowness plots and then making use of both 
local and general values within samples of maxima, minima and inflection points. Absolute values of 
statistics for means, standard deviation and standard error and ratios of slowness to amplitude also 
provided input to the algorithm. 

The results were highly encouraging, in that only one sample was mis-classified out of the 31 total 
scans which were made. It was considered that the decision on classification of a piece of lumber be 
based on at least 3 scans. Two other subsamples were available for the sample from which the 
misclassified block was taken, and these were both correctiy sorted, resulting in the correct sort of the 
full length sample. It was concluded that the ultrasonic system evaluated in this project showed 
considerable promise as technique for on line sorting of compression wood-containing lumber. 

The ability of the slope-of-grain indicator (SOGI) to measure growth ring orientation was investigated 
with green 2x8 westem hemlock. Four classes of growth rings at two feed speeds, two trim qualities, 
and two growth rates were scanned by the SOGI. 

The SOGI was able to measure the grain orientation with repeatable precision. For fast grown, flat 
grain, westem hemlock samples the SOGI was able to measure the angle to within 10*. Generally, 
the growti) ring angle determined by the SOGI was less than that visually observed. For other growth 
ring categories and growth rates, the SOGI was not as successful. 

The types of growUi ring patterns which were successfully scanned by the SOGI could be expanded by 
using multiple and smaller SOGI detector heads, but not without some drawbacks. At this time, the 
SOGI is not sufficiendy accurate to provide growth ring orientation information to the ultrasonic-based 
compression wood detection system. 
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1.0 OBJECTIVES 

1. To develop a method for detecting the presence of degrade^roducing compression wood 
in green dimension lumber, based on the velocity of ultrasonic stress waves through the 
material, which has the potential of being incorporated into a lumber mill production line. 

2. To determine whether an electrical capacitance type slope-of-grain-indicator(SOGI) could 
be reliably used to provide growth ring angle data from green lumber for predicting 
ultrasonic wave velocities, and to determine how this capability would be affected by 
various production and material variables. 

2.0 INTRODUCTION 

Westem hemlock is a species that is highly susceptible to compression wood (CW) formation, an 
abnormal wood tissue that forms on the under side of leaning tree stems and branches. When 
lumber cut from logs containing CW is dried, the CW shrinks approximately 10 times normal in 
the parallel to grain direction, resulting in degrade, at time severe, due to warp in the form of 
crook and bow. In this project a technique using an ultrasonic materials evaluation system (UME) 
was tested for its ability to detect CW. Since stress wave velocity, in addition to being dependent 
on elastic properties and material density, is also a function of growth ring orientation, a slope of 
grain indicator was evaluated for its ability to measure growth ring orientation, to be used in 
conjunction with the UME. 

3.0 BACKGROUND 

In previous work done on this project, it was demonstrated that the velocity of elastic waves in 
wood can be used as a reliable indicator of the presence of compression wood in green westem 
hemlock Iumber(Hamm and Lam, 1987). Due to the anisotropic nature of wood however, the 
velocity is also dependent upon the angle the direction of wave propagation makes with the growth 
rings (Bucur and Archer, 1984). The theory involved in elastic wave motion in wood, which 
possesses orthotropic symmetry, has been developed by Hearmon (1961) and applied to 
measurement of elastic constants of wood by Bucur (1985). 

Currently, aside from visual, there is only one method of determining the annual ring structure or 
the growth ring orientation. X-ray densitometry has been used for this application but is suitable 
only for laboratory use because it is slow and requires preparation of thin cross-sections for x-ray 
scanning. 



Video scanning has been suggested by Clauson and Wilson (1991) as a technique that is more 
suitable for industrial ^plications. This technique, however, still requires additional development. 
Currendy, the video scanning technique is more suited to determining ring count (a one 
dimensional problem) rather than ring angle (a two dimensional problem). 

The Slope-of-Grain Indicator (SOGI) is a commercially available non-contact device which provides 
a nearly continuous measurement of wood grain slope along the length of lumber. The SOGI uses 
the principle that the capacitance or dielectric constant of wood varies dq>ending on tiie angle of 
the wood grain relative to the direction of the electric field passing between the capacitance plates 
(McLauchlan et al, 1973). In the SOGI, die capacitance plates are mounted on a circular plastic 
disk which rotates parallel to the surface of a moving or stationary board. By analyzing the 
variations in capacitance as the head is rotated, the slope of grain can be determined. 

Although designed to measure slope of grain on the wide and narrow faces of lumber, the SOGI 
was found to be able to give some indication of the growth ring orientation when used to scan the 
end of fast grown Douglas-fir lumber. The signal from the SOGI was stable for a stationary 
sample. Similarly, the signal changed proportionally as the end face of the specimen was rotated 
relative to the SOGI as shown in Figure 1. 
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5.0 METHODS AND MATERIALS 

This project was made up of two phases: phase I consisted of the ultrasonic work to develop an 
algorithm using data from an ultrasonic materials evaluation apparatus for detecting CW in lumber. 
Phase n was comprised of tests of the capabUity of lumber slope-of-grain indication equipment to 
measure growth ring orientation in the cross seaion of lumber pieces, to be used in conjunction 
with the ultrasonic apparatus. 

5.1 ULTRASONIC MEASUREMENTS 

A Balteau Sonatest Ultrasonic Flaw Detector (UFD) was used to make ultrasonic measurements 
(Figure 2) combined with Quality Material Inspection, Inc. (QMI) 32 mm diameter dry contact 
roller probes. The probes were of a solid ceramic disc design, eliminating the problems which 
were encountered in previous work with liquid fUled rollers. A QMI preamplifier, designed for 
use with ultrasonic equipment, provided a good signal for material which was free of discontinuities 
in the form of checks, either visible or invisible. A displacement transducer was used to indicate 
distance intervals at which ultrasonic measurements of pulse transit time and amplitude were to be 
recorded by a computer data acquisition system. The two ultrasonic transducers consisting of a 
transmitter and receiver were held stationary while the wood samples were moved between them 
manually. The transit time was recorded from the horizontal axis of the display on the UFE and 
amplitude from the vertical. A plexiglas step wedge was used to calibrate the transit time, and the 
thickness of each sample was used to determine the slowness, which is the inverse of velocity. 

Ultrasonic measurements were made on 26 mm x 90mm x 450mm (1" x 3.5" x 18 ") blocks cut 
from dried 5 x 10 x 244 cm coastal hem-fir lumber. The presence of CW was positively identified 
by observing the amount of warp which developed during drying of the lumber pieces. Also, in 
the dry state CW is fairly visible due to its higher density and darker reddish brown color. The 
450 mm segments were then cut from the fiill length material, ripped into the 25 mm thickness and 
rewetted by soaking in a retort under pressure. One to four subsamples were cut from each full 
length piece and ultrasonic data was then obtained from the rewetted material. A total of 13 fiill 
length pieces were sampled, with 4 having a flat grain (FG) orientation, 6 mixed grain (MG), and 
3 vertical grain (VG). Of the 4 FG pieces, 3 contained CW, 4 of the 6 MG pieces contained CW 
and one of the VG pieces. Material sawn with vertical grain was not readily available and it was 
considered to be the easiest case for CW deteaion with ultrasonics. A total of 31 subsamples were 
scanned with the ultrasonic apparatus, 20 of which contained CW, 

Readings of transit time and amplitude were taken at 1mm intervals across the 90mm face of each 
sample, for a tctal of approximately 70 data points. Measurements could not be taken right to the 
edge of the blocks due to an edge effect encountered with the roller transducers. Recording was 
therefore started at a distance slightly under the radius of the rollers, ie. 10mm past flie leading 
edge and up to 10mm from the trailing edge. 





5.2 SLOPE OF QRAIN INDICATOR PHASE 

Lumber to be tested for the SOGI phase of this study was limited to rough green 2x4 and 2x8 
westem hemlock. About 200 rough green 2x8 westem hemlock end trims, approximately 300 mm 
long, were obtained from an unrelated Forintek study. The variables included were growth ring 
pattem, presence/absence of pith, growth rate, percent summerwood, feed speed, lumber size and 
end trim precision. Five growth ring orientations, two growdi rates, two constant feed speeds, two 
end trim qualities and two lumber sizes were proposed as categories to select samples for testing. 
The growdi ring categories were subsequendy reduced to four after examining the type of ring 
orientation and their frequency in the sample material. 

The test plan required a total of 128 tests on 16 lumber specimens. Only 16 specimens were 
required because the same specimen was tested with each combination of feed speed, trim quality, 
and lumber size. Details of the test levels and types are shown in Table 2. 

To prq)are the specimens for studying the effect of trim quality, one end of each specimen was 
cut widi a Cham saw and die odier widi a table-saw. This resulted in a piece approximately 200 
mm long. The growth ring angle was assumed to be constant over the length of the specimen. 
After the sample pieces were scanned as 2x8's, they were ripped to a 2x4 size, such that the 
original growth ring category was still valid. Both ends of the specimen were then scanned again. 

Apparatus originally designed to scan for slope of grain in lumber was used for this project. The 
test apparatus consisted of a variable speed feed system, a Metriguard 5100 SOGI and a 38-mm 
diameter detector head (Figure 3). In order to use this system, an aluminum bracket was 
developed so that the end of a specimen could be passed over the SOGI detector head (Figure 4). 
The sample was held about 4 mm away fi-om the SOGI detector head. A single photocell mounted 
adjacent to the centre of the detector head was used to sense the location of the specimen, and to 
start and stop collection of the SOGI data output. The SOGI output (normally calibrated to provide 
slope of grain) and the elapsed time after covering of the photocell were recorded by a 
microcomputer-based data acquisition system for later analysis. From the elapsed time and constant 
feed speed over the detector head, the position of the SOGI reading from the leading edge (Figure 
5) of die specimen was calculated. 

The scans collected were all plotted and visually assessed. On these plots, the position of die scan 
readings, e, was obtained by dividing the reading position by the specimen width. 
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Figure 4. Bracket used to hold aod pass the specimen over the SOGI detector head 
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Table 1. Variables Examined 

Variable Category Value 
Growdi ring pattern Vertical 

Oblique 
Flat 
Pidi 

Growdi rate Fast 1-3 rings/cm 
Slow > 7 rings/cm 

Feed speed Fast 120 cm/s ' 
Slow 60 cm/s 

Lumber size Large Rough 2x8 
Small Rough 2x4 

Trim aualitv Rough Chain-saw 
Precision Table-saw 

Therefore, the first reading was taken at e=0 which was the leading edge. The last readmg was 
taken at e=l which is the trailmg edge. 

The specimens were numbered as follows: 

8 . F . P . 03 . C . 24 

where 

8 = Widdi (8 = 2x8, 4 = 2x4, rough size) 

F = Growdi rate (F = fast, S = slow) 

P = Ring type (P = pidi, V = vertical, M = oblique, F = flat) 

03 = Specimen number 

C = Trim quality (C = chain-saw, T = table-saw) 

24 = Feed speed (24 = slow, 48 = fast) 



A visual record of die table-saw cut face of each sample tested was recorded using a photocopying 
machine. The analysis consisted of visually comparing the actual ring orientation to the SOGI 
measurements. 

For the purpose of this report, the growth rmg angle was defined as shown in Figure 6. All 
growth ring diagrams and plots of SOGI readmgs presented in this report were specimen ends as 
seen by the SOGI detector head. 

6.0 RESULTS AND DISCUSSION 

6.1 DISCUSSION OF ULTRASONIC DATA 

From previous work m this field it has been observed by the author that the slowness for CW 
increases over NW when transmitting in the parallel to grain direction, and decreases in the 
perpendicular to grain direction. The points on the axes in this plot were derived from data 
obtained in this project, and the shape of the curve from Bucur (1985). This plot indicates that 
when ultrasonic waves are transmitted from a direction parallel to the radial axis 43 V^" from radial, 
slowness for CW will be less than NW, and from 4314° to the tangential direction slowness for 
CW increases as illustrated in the polar co-ordinates plot m Figure 7. 

Plots of slowness and amplitude vs. distance from edge are shown in figures 8 to 11 for the 3 
different types of growth ring orientations, for both CW and NW. The number of peaks observed 
in Figure 8 are not all due to CW, as can be seen from comparison of the plots with the cross 
section of the sample. The large slowness peak which starts at approximately 40 mm from the 
leading edge can be seen to nearly coincide with the start of the CW band on the sample cross 
section, as well as with the increase and smoothing out of the amplitude plot. In comparuig the 
amplitude plot with the slowness plot, it was observed that some of the slowness fluctuations were 
associated with amplitude fluctuations, usually drops in amplitude. Previous observations indicated 
that rewetting of wood samples resulted in a loss or reduction of stress wave transmission. This 
was considered to be a result of introduction of microscopic checks or internal cracks during the 
swelling process. Attenuation of the signal is due to two phenomena: scattering and absorption. 
(Krautkramer and Krautkramer, 1969). Attenuation was found to be higher in VG material dian 
in FG, resulting in lower amplitude. It also decreased in CW so that sorting could be based on 
both amplitude and slowness. The signal will reflect from any discontinuities containing air, this 
being the basis of the application of ultrasound to flaw detection. It is also highly likely that on 
a production line many situations like this would arise, making this data representative of mill 
conditions. In order to analyze the data, some method of filtering out fluctuations due to 
discontinuities from those due to CW had to be derived. 
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Figure 6 . Definition of the growth ring angle 
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Figure 9. (a) Amplitude plot and (b) Slowness plots for # F22-2 
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Figure 10. (a) Amplitude plot and (b) Slowness plots for # F7-1 
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Further examination of the slowness and amplitude plots revealed that the fluctuations in amplitude 
were much more pronounced in VG and MG conditions, and in two sets of the VG samples the 
reduction in amplitude was so severe that no meaningfiil slowness data was obtained. This was due 
to an equipment constraint resultmg hrom the recordmg of ultrasonic data from the display screen 
on the instrument. A monitormg bar is used to determme which part of the signal will be 
recorded, illustrated in Figure 12. The minimum amplitude will be determined by the height of 
the monitor. If the amplitude falls below the monitor, than the amplitude is taken as the height 
of the monitor, which may be quite meaningless. The transit time recorded is the point on the 
time axis of die instrument display which corresponds to the point at which die left most signal 
intersects the monitor. The monitor was set at half screen height to eluninate erroneous results due 
to noise at low amplitudes. 

6.2 DEVELOPMENT OF A COMPRESSION WOOD SORTING ALGORITHM 

The following procedure was derived to separate CW containing material from that containing only 
NW: 

1. A cubic spline was used to smooth out the slowness vs. distance plot. This is a 
mathematical technique which fits a cubic curve, or 3rd order polynomial to successive 
segments of a curve, in such a way that the tangents of ends of each curve segment 
comcide with the tangent of the start of the next segment. 

2. A moving straight line segment was fitted to the smoothed slowness data to fmd the slope 
of the curve and thus determine whether local minima or maxima were present. A 
maximum would indicate the presence of a peak and therefore CW in a V G or MG 
orientadon. A minunum only would indicate a probable FG situation. Additional 
information from the amplitude plot would be needed to determine whether CW was 
present. The second slope of the slowness line segments was then also determined, 
equivalent to a second derivative in calculus, to search for points of inflection or changes 
in curvature of the slowness plot. These would also indicate presence of CW in a MG 
sample or the presence of a local peak or dip versus a general one. A local peak, with 
a straight line on either side of it would result in an abrupt change of curvature which 
would be indicated by a second slope of zero. 

3. An overall straight line was fitted to the amplitude vector for each piece. A horizontal line 
orientation, ie. slope of zero with low error of estimate indicated a probable FG or M G . 
Flat grain generally had few micro-checks and therefore higher overall amplitude and small 
fluctuations. This was considered to be caused by growth ring boundaries acting as partial 
reflectors of the signal in V G samples. 



Figure 12 Photograph of Ultrasonic Display 



4. A moving line segment was fitted to the amplitude data, and the mean.slope, and standard 
error of estimate was determined for each. This information was used to fdter out noise 
or fluctuations in the slowness plot due to discontmuities introduced by rewetting. 
Amplitude of CW areas m VG/MG was observed to be higher and more stable, enabling 
identification on the basis of the combination of amplitude and slowness trends. 

5. The statistics of local and overall maxima and minima in segments of the slowness plot 
remaming after filtering were determined as well as inflection points, the ratio of slowness 
to amplitude, and the proportion of the sample width not filtered out. 

The following flow chart illustrates the procedure used to carry out the CW/NW separation. 

Read slowness amplitude, distance 

S m o o t h s l o w n e s s d a t a using 
cub ic sp l ine, c o m p u t e 1st and 2nd 

s l o p e s ol s m o o t h e d d a t a using 
mov ing 7mm s e g m e n t s and 
ove ra l l , and s e g m e n t m e a n s 

Fi l ter amp l i t ude d a t a , t i nd mean , 
s tandard e r ro r and s lope o l segments 

Determine bounds ol remaining d a t a 
a n d p r o p o r t i o n of w i d t h . 

D e t e r m i n e a b s o l u t e max. and 

min. of. s l o w n e s s , 

l o o k f o r l oca l max . , min. , 

a n d i n f l e c t i o n p o i n t s . 

Determine Difs, Ration search for local max., 

min., and inflection points 



Yes 

• 
CW present, 

VG or MG class 

Yes 

Yes 

CW present, 

. MG class, 

constant ring slope 

CW present, 

FG class 

Definitions: 

Ratio = ratio of slowness to amplitude within a sample, either local or general. 

Dits = difference between maximum and minimum slowness. 

Prop = proportion of slowness plot remaining after amplitude filtering. 

Smean = overall mean slowness 



Table 2. Results of the Analysis of Ultrasonic Data 

Id # Proportion of 
Width Remaining 

after amp. 
filtering 

(%) 

Criteria Used to Separate CW 
Presence/Absence of 

CW 
Predicted, Actual 

(P= Present, 
A= Absent) 

F3-1 100 slowness/amo. ratio, mean slowness P P 
F3-2 40 slowness/amp. ratio, mean slowness P P 
F6-2 65 local max., inflection pt. P P 
F6-4 100 local min., difference of min. - max. P P 
F7-1 100 local minimum P P 
F7-2 100 P P 
F7-3 100 local min., slowness/amp. ratio P P 
F22-2 90 mean slowness, slowness/amp. ratio A A 
F22-3 90 mean slowness, slowness/amp. ratio A A 
F22-4 100 mean slowness, slowness/amp. ratio A A 
M28-1 50 absolute max - min. slowness A* P 
M28-3 14 slowness/amp. ratio P P 
M28-4 21 tl P P 
M36-2 0 All amp. and slowness values over acceptable 

imits 
A A II 

M36-4 0 « A A 
V37-2 52 ocal max. present. P P 
V37-4 21 ocal max. and mflection pomt P P 
M38-1 44 inflection points and slowness max. - min. P P 
M38-22 25 ocal maximum slowness P P 
M38-3 52 n P P 
M38-4 38 w P P 1 



Table 2. Results of the Analysis of Ultrasonic Data 

Id it Proportion of 
Width Remaining 

after amp. 
filtering 

{%) 

Criteria Used to Separate CW 
Presence/Absence of 

CW 
Predicted, Actual 

(P= Present, 
A= Absent) 

M40-1 100 local max. and inflection point P P 

M48-1 62 local maximum P P 

M48-3 90 P P 

M48-4 80 local maximum P P 

M53-1 20 no local max. or min A A 

M53-2 27 small proportion of widdi with acceptable amp., 
no local max. 

A A 

V73-1 57 difference of max.-min., slowness / amp. ratio A A 

V74-1 0 slowness and amplitude A A 

V74-2 0 not within acceptable A A 

V74-4 0 limits A A 1 
* : This was the only misclassification. 
Note: V = vertical; M = mixed grain; F = flat grain. 

Using the above algorithm, results of which are presented in Table 2, 30 of 31 pieces scaimed with 
the UME were correctly judged for the presence of CW. The samples represented 12 different 
5x10x240 cm full size pieces of lumber. Since the decision on the presence of CW in the full size 
piece would be based on at least 3 scans, the whole piece would still have been judged correcdy 
because 2 out the 3 predictions for piece M28 were correct. Although the sample size was 
somewhat limited, it was felt that every type of growth ring orientation was represented as well 
as every type of CW/NW combination which might be encountered. In addition rewetting of the 
material further increased the complexity of the algoritiim developed to do the CW/NW separation. 

Compression wood generally occurs for a limited number of years in succession and therefore 
forms streaks in sawn lumber. It is unusual therefore to find pieces where CW is present across 



the fiill width. One such piece was included in the sample material used in this project however, 
presenting difficulties in development of the algorithm and resulting in the one prediction error. 
Piece no. M-28 had constant ring orientation as well CW across the full width, which was 
considered to be an unusual and worst case situation. 

Since the thickness of the samples was reduced to 26 mm from the 38 mm of commodity lumber, 
the degree of growth ring curvature change within a sample was reduced, resulting in several 
samples with constant growth ring orientation. This type of situation will result in a horizontal line 
for the slowness plot if no discontinuities are present in the material, which is nearly the case in 
Figure 10b. This requires use of absolute values of amplitude and slowness within a sample, 
which is less desirable then examining trends within the material, shown in Figure 8b where the 
simplest case of CW identification, a CW streak in a mixed grain sample, is illustrated. 

Curvature of growth rings within a block can provide information on the type of ring orientation 
present. Since this was limited by the reduced thickness, the ratio of slowness to amplitude (RJ) 
was used to determine the ring orientation class. Absolute values for slowness of mean, minimum, 
and maximum had to be utilized as well as mean, and dispersion of amplitude to achieve the high 
degree of accuracy obtained in CW/NW separation. The availability of information on the 
orientation of growth rings provided by the SOGI would reduce the reliance on absolute values of 
statistics of slowness and amplitude obtained with ultrasonic equipment and would therefore 
simplify the processing of data involved in identification of CW. 

6.3 REPEATABILITY OF THE SLOPE-OF-GRAIN INDICATOR 

A typical SOGI scan and a photocopy of the corresponding growth ring pattern are shown in 
Figure 13. Note Uiat die angles are given in grad units (100 grad = 90"). Six tests each on 
specimens 8FP06T24 (pidi present) and 8FV06T24 (flat grain) were made to determine the 
repeatability of the SOGI system growth ring angle measurements. The SOGI scan of the end 
grain was repeatable for both end-grain types. The first four scans for each specimen are shown 
in the Appendix. 

6.4 GROWTH RING ORIENTATION 

Existence of a correlation between the SOGI scan and the actual growth ring angle was identified 
by examining the scans of simple growth ring patterns. Generally these were samples whose cross-
sections were located away from the pith and contained growth rings with very little curvature. 
The vertical, flat and oblique grain samples were ideal for this purpose. 





No consistent relationsiiip was found between the SOGI scan angle and the actual ring angle. If 
there was any correlation, this occurred in the flat grain specimens and to a lesser extent in the 
oblique specimens. In these two growth ring categories, the SOGI scan results appeared to 
correspond to a line perpendicular to the growth rmgs (Figure 14a). The physical explanation 
proposed was that die SCX3I had measured die orientation of the ray cells. Ray cells are diose 
which orient then- long axis perpendicular to the growth rings. In the remaining material, the 
SOGI readings did not correlate well with the growth ring categories (Figure 14b to 14d). 

The type of growth ring pattem had a significant effect on the SOGI's ability to measure growth 
ring orientation. Two classes of ring patterns were identified which created difficulties for the 
SOGI. They were sections with growth rings which were parallel to the SOGI zero axis, and 
sections containmg die pidi. For the SOGI set-up used, and given diat die SOGI measured die 
orientation of the ray cells, a 90° (100 grad) reading was obtamed when the growth rings were 
parallel to the zero axis (e.g. vertical grain material). When measuring an angle close to ±90°, 
the SOGI could not distinguish between the positive and negative angles. Hierefore, for VG 
specimens where the growth rings were parallel to the zero axis, the SOGI readings could fluctuate 
between ±90°. An example of diis was specimen 8SV04T24 (Figure 14b). 

For sections containing the pith, the growth rings had large changes in angles over the area covered 
by the SOGI detector head at any time. It was generally assumed that the SOGI detector head 
averaged the slope-of-grain over the area covered by the head at any time. Consequehdy, the value 
produced by the SOGI could not be direcdy related to the ring angle at the centre of the scanned 
area if the growth ring angle changed rapidly. A possible solution to deal with pieces containing 
or located near the pith would be to use a smaller diameter SOGI detector head. The disadvantage 
of this approach would be that the specimen would have to be placed closer to the detector head. 
Because the gap between the lumber end and the detector head would be reduced, this solution 
would only be feasible for scaiming precision end-trimmed lumber. 

For pieces which resulted in readings approaching ± 90°, the simplest solution would be to mount 
two detector heads in line with the feed direction but with their zero axis at right angles to each 
other. Two grain angle scans would be collected. If one signal was found to be fluctuating and 
the other stable at about 0°, then it could be concluded that the angle measurement would be 90°. 

6.5 TRIM QUALITY 

The effect of trim quality should be separated into two areas: those due to the roughness of the cut 
and the other due to the squareness of the cut. On the table-saw trimmed end (done to simulate 
precision end-trimmed lumber), die cut was smoodi and die end was always perpendicular to the 
longitudinal axis of the specimen. For the chain-saw cut, the end surface was not only rough but 
may not have been cut perpendicular to the longitudinal axis of the lumber. In this case, the gap 
between the SOGI detector head and the end of the lumber may have been large enough to make 
the scan results unreliable. Based on our past experience when scanning for slope-of-grain with the 
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38-mm SOGI detector head, a greater than about 10 mm caused the SOGI reading to be 
insensitive to changes in slope-of-grain. 

The trim quality did affect the scan results. Chain saw cut specimens were tested (Figure IS) and 
retested after trimming on a table saw (Figure 16). Most of the differences could be attributed to 
the squareness of the cut. Although scans for the two trim qualities differed, the scans usually 
matched at either the leading or trailing end of the section where the specimen generally was 
closest to the detector head. For sections that were squarely cut, die chain-saw and table-saw faces 
were scanned with equal precision. The chain-saw cut used in this study, however, was an 
extreme. Although the surface roughness of lumber in a mill would be similar to that of a chain-
saw, most cuts would be about at right angles to die longitudinal axis of the lumber. 

6.6 GROWTH RATE 

For the samples tested, growdi rate appeared to affect die ability of the SOGI to measure growdi 
ring orientation (Figure 17 and 18). Aldiough all die samples shown in die figure were in die 
same growth ring category (flat grain), the SOGI reading only successfully matched the ring pattern 
of the fast grown samples. The slow grown samples seemed to contain defects which distorted the 
SOGI scan more frequentiy than in the fast grown samples. 

6.7 WIDTH AND FEED SPEED 

For simple growtii ring orientations, neither the specimen width (Figure 19) nor the feed speed 
(Figure 20) changed. Sample width and speed both affected the ability of the SOGI by limiting 
the number of reliable readings which could be recorded. 

As the size of the specimen decreased, the number of readings that could be collected while the 
detector head was completely covered also decreased. In the case of 2x4 rough green specimens, 
only about 60% of the readings were taken when the entire detector head was covered. In a rough 
2x8, 80% of the readings were taken when the SOGI detector head was fully covered by the 
specimen. Consequendy, pieces containing pith or large variations in ring orientation may not have 
given results which could be used to determine the local ring angle. 

A system consisting of several smaller heads could be used to scan pieces with large growth ring 
angle changes, but this would create two problems. First, more data would have to be processed 
and signals from several sources would have to be combined. Secondly, the gap between the 
material and the detector head would have to be decreased because the field strength decreases as 
the detector bead diameter is reduced. 
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Figure 19, Effect of specimen width on ring angle scanning ability: a) 2x4; b) 2x8 
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6.8 ACCURACY 

After identifying that SOGI scans for growth ring angles were repeatable and that the SOGI 
measured the angle of a line perpendicular the growth rings, an attempt was made to establish the 
accuracy. Unfortunately, how localized "slope-of-grain" is averaged over the SOGI detector head 
has not been documented. Similarly, it was not clear how growth ring orientation patterns 
averaged over die SOGI head. The accuracy of die SOGI also depended on the amount of 
curvature of the growth rings. Therefore, the ability to measure growth ring angle diminished as 
points at which measurements were taken approached the pidi. Aldiough die SOGI was still able 
to provide a scan which was repeatable, the results were difficult to interpret and determine the 
actual growth ring angle. 

To estimate die accuracy of the SOGI system for scanning growth ring orientation, the ring angles 
for specimens 8SF03T24, 8FM01T24, 8FF03T24 and 8FV05T24 were manually measured. The 
SOGI angle reading was assumed to correspond to the angle of a line perpendicular to the average 
growth ring angle. When the scan appeared to correlate well with the actual growth ring pattern, 
the growth ring angle could be measured to within 15° (15 grad) (Figure 21a, b). This accuracy 
held for ring angles up to about 45°. For angles greater than 45° (Figure 21c), such as for 
specimen 8FV05T24 (Figure 2Id), the measurements could be underestimated by as much as 45 
to 50°. 

7,0 CONCLUSIONS AND RECOMMENDATIONS 

1. Out of 31 small samples scanned with high frequency ultrasonic materials evaluation 
equipment, 30 were correcdy judged for the presence/absence of compression wood. An 
algorithm was developed for the compression wood sort which utilized a cubic spline 
smoodiing technique combined with a segmented moving linear fit to determine trends in 
slowness versus width plots. These were identified by local maxima, minima and inflection 
points. Absolute values of statistics for local and overall means and dispersion, and 
absolute maximum and minimum values as well as the ratio of the ultrasonic variables of 
slowness and amplitude provided additional information needed by the algorithm to make 
the compression wood/normal wood separation. 

2. Although the number of samples was somewhat limited, these highly accurate results were 
still considered to be significant since complications due to rewetting of the material and 
a 30% thickness reduction over standard dimension lumber were present. These resulted 
in a worst case situation for the project sample material. 
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3. The ultrasonic system would benefit from the availability of information on growth ring 
orientation, but combining it with the slope-of-gram indicator to operate in a real tune 
situation would result in a highly complex and cumbersome system. Also the physical 
constramt of having to maintain the slope-of-grain sensor head a fixed distance of 13 mm. 
from the material surface would further complicate such a system. 

4. For a given ring pattem or sample, the SOGI was able to produce the same scan pattem. 
However, for some growth rmg categories, it was unable to consistendy produce the same 
scan pattem for similar rmg patterns. When the SOGI scan did match the growth rmg 
pattem, namely for flat grain specunens, the SGGI angle corresponded with a line 
perpendicular to the growth ring angle. For lumber having growth ring angles which 
varied considerably across the cross-section, the SOGI was not be able to give precise 
measures. 

For the size of detector head used, the end of the lumber to be scanned must be kept within 10 
mm of the SOGI detector head. Trim quality did not appear to affect the accuracy of the system 
as long as the ends were kept parallel to the detector head. Lumber width and feed speed had an 
effect m that for a given SOGI head size, smaller lumber size or faster feed speeds resulted in 
fewer data pomts collected during the period when the entu-e SOGI head was covered by the 
specimen. 

The test results suggested that the SOGI can be used to measure growth ruig angles where the 
material is fast grown and the growth ring angles are less than 45° from the detector's zero axis. 
While slow grown material can also be successfully scanned, the results were not as accurate as 
with fast grown material. For growth ring angles greater than 45° from the zero axis, the SOGI 
underestimated the ring angle. 

There was insufficient information to decide whether the SOGI when used to determine ring angle 
was appropriate for use widi die compression wood detection system. Neverdieless, the results 
indicated that the SOGI could be used as a system to approximately determine growth ring angle. 
Some solutions to address the shortcomings were presented. 

It is recommended that additional trials be carried out with the ultrasonic system on standard 
thickness dimension lumber to verify the compression wood detection algorithm. 
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APPENDIX 

Repeatability Test Results for Specimens 8FP06 and 8FV06 
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