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ABSTRACT OF THE DISCLOSURE
Methods for reducing warp potential of lumber derived from a raw material, such
as a log or stem are provided. The methods involve examining the log or stem for
shrinkage properties and/or properties of spiral grain. The location of the shrinkage
properties and/or properties of spiral grain determine how the log is oriented relative to a
cutting device. In another embodiment, these characteristics determine what cutting
pattern 1s selected for creating the lumber. In the case of a stem, these characteristics

determine how the stem will be bucked.
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METHOD FOR REDUCING WARP POTENTIAL WITHIN LUMBER DERIVED
FROM A RAW MATERIAL

FIELD OF THE INVENTION

This invention relates generally to a method for reducing warp potential of lumber

derived from a raw material, such as a log or stem.
BACKGROUND OF THE INVENTION

Research and observation suggest that some trees or logs produce mostly straight
lumber, while others result in a larger proportion of warped pieces. The range of lumber
warp variability among logs has been found to be especially broad among butt logs, a
class of logs which also generally includes those with the greatest log-average lumber
crook and bow. To illustrate, Figure 1 shows data from lumber cut from 30 pine trees
harvested in Georgia, and compares log-average crook values for logs from three
different height locations in each tree - butt, second, and third.

In general, butt logs are the most affected by lumber crook. In fact, about one-
third of these trees (9 of 30) had butt logs with substantially greater log-average crook
than any of the other logs. The other two-thirds of the butt logs had somewhat greater
log-average crook than that of the second or third logs. The log-average bow values are
compared by log position in the tree in Figure 2. The same observations that were made
for crook also apply to bow, although there are perhaps relatively fewer trees having butt
logs with extreme log-average values, and the difference between those extreme values
and the log-average bow of the other logs is somewhat less than in the case of crook.

These Figures suggest that for crook and bow, the most warp-prone logs are
usually found among a minority of the butt logs. One means of partially distinguishing
between warp-prone and warp-stable logs is by using the average stress-wave velocity of
the log, as measured for example, using resonance methods. Figures 3 and 4 show how
log-average crook and bow, respectively, relate to average log stress-wave velocity in
loblolly pine butt logs harvested in Arkansas. Logs with stress-wave velocity at or near
the high end of the range have relatively low log-average crook and bow. Those logs

with lower stress-wave velocities, which constitute the majority of the logs, may also
have low log-average crook and bow. However, a fraction of the lower-stress-wave

velocity logs have high log-average warp. In other words, high-stress-wave velocity logs
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have low potential for lumber warp, but low-stress-wave velocity logs are not
necessarily highly warp-prone. Consequently, for the majority of logs (those which
are not near the high end of the range of stress-wave velocity), the average stress-
wave velocity of the log is not in itself an effective means to discriminate between
logs with high potential for lumber warp and those with low potential.

Accordingly, a need exists for a method to detect warp potential of lumber to
be derived from a raw material, such as a log or stem, and to reduce that warp
potential before the lumber is derived.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides a method for reducing warp in
lumber derived from a log, the method comprising the steps of: examining the log to
determine shrinkage properties of the log; orienting the log with respect to at least one
cutting device based on assymetries and eccentricities in a pattern of the shrinkage
properties, the orientation being effective to reduce warp of the lumber derived from
the log when the cutting device contacts the log; and cutting the log using the at least
one cutting device to create the lumber.

The present invention also provides a method for optimizing stem
merchandizing, the method comprising the steps of: examining the stem to determine
shrinkage properties within the stem; determining at least one location at which to
buck the stem, based on a location of the shrinkage properties, to reduce warp of
lumber derived from the stem; and bucking the stem at the at least one location.

The present invention also provides a method for reducing warp in Iumber
derived from a log, the method comprising the steps of: examining the log to
determine shrinkage properties of the log; selecting a cutting pattern for the log from a
plurality of cutting patterns, wherein the selection 1s based on a location of the
shrinkage properties within the log, to reduce warp of the lumber derived from the log
when the log is cut; and cutting the log using the cutting pattern to create the lumber.

The present invention also provides a method for reducing warp in lumber
derived from a log, the method comprising the steps of: examining the log to
determine shrinkage properties of the log; selecting a cutting pattern for the log from a
plurality of cutting patterns, wherein the selection is based on a location of the
shrinkage properties within the log, to reduce warp of the lumber derived from the log

when the log is cut; and cutting the log using the cutting pattern to create the lumber.
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BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments of the present invention are described in detail below with

reference to the following drawings.

FIGURE 1 is a plot of average crook for 10-ft. logs harvested in Georgia (by
height position in the tree);

FIGURE 2 is a plot of average bow for 10-it. pine logs harvested in Georgia
(by height position 1n the tree);

FIGURE 3 1s a plot of log-average crook for 16-ft. butt logs harvested in
Arkansas (vs. average log stress-wave velocity);

FIGURE 4 is a plot of log average bow for 16 ft butt logs harvested in
Arkansas (vs. average log stress wave velocity);

FIGURE 5 illustrates plots of patterns of sound velocity variation in crook-
prone lumber;

FIGURE 6 1llustrates plots of patterns of sound velocity variation in straight
lumber;

FIGURE 7 1illustrates plots of ultrasound velocity patterns in loblolly pine
trees:;

FIGURE 8 1s a plot of log-average crook change (90%RH to 20%RH) vs.
average log stress-wave velocity, for 16-ft. butt logs harvested in Arkansas;

FIGURE 9 1s a plot of log-average bow change (90%RH to 20%RH) vs.
average log stress-wave velocity, for 16-ft. butt logs harvested in Arkansas;

FIGURE 10 1s sound velocity maps for 24-inch-long segments from log #349;

FIGURE 11 1s sound velocity maps for 24-inch-long segments from log #171;
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FIGURE 12 is sound velocity maps for log #171, after rotation and translation of
the sawing diagram;

FIGURE 13 is a comparison of the warp predicted after log rotation with the warp
as actually sawn for log #171;

FIGURE 14 is sound velocity maps for 24-inch-long segments from log #552;

FIGURE 15 is sound velocity maps for log #552, after rotation and translation of
the sawing diagram;

FIGURE 16 is a comparison of the warp predicted after log rotation with the warp
as actually sawn for log #3552;

FIGURE 17 is an illustration of the change in warp potential for log #297 based
on rotation angle;

FIGURE 18 is an illustration of the change in warp potential for log #171 based
on rotation angle;

FIGURE 19 is an illustration of a Spectral Analysis of Surface Waves (SASW)
technique for measuring stress wave velocity in a sample and the corresponding plot
based on location of stress wave velocity values within the log; and

FIGURE 20 is an illustration of twist prediction results using a grain angle model.

DETAILED DESCRIPTION OF THE INVENTION

The present invention generally relates to a method for reducing warp potential of
lumber derived from a raw material, such as a log or stem. The method involves
examining the log or stem for shrinkage properties and/or one or more properties of spiral
orain. In the case of a log, the location of the shrinkage properties and/or properties of
spiral grain determine how the log is positioned relative to, for example, a cutting device.
The log is oriented to reduce warp potential of the lumber which will be cut from the log
when the log contacts the cutting device, or vice versa. In another embodiment, a cutting
pattern is selected based on the shrinkage properties and/or the spiral grain properties. In
the case of a stem, the location of the shrinkage properties and/or properties of spiral
grain angle determine how the stem will be bucked. Logs which are bucked may be
allocated based on subsequent processing of the logs, such as, for example, saw logs
(lumber); peeling logs (for veneer); chipping; stranding; pulping, or the like.

An approach to distinguishing high-warp logs from low-warp logs may be
developed by considering the fundamental factors that govern lumber warp. Lumber
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crook and bow are caused by within-board variation of lengthwise shrinkage. Research
has shown that the potential for a board to crook or bow can be predicted from its pattern
of lengthwise shrinkage variation [U.S. Patent No. 6,308,571]. Varation in lengthwise
shrinkage is determined in large part by variation in the microfibril angle of the wood
fiber. Variation in stifiness along the longitudinal direction also 1s determined 1n large
part by variation in the microfibril angle of the wood fiber. Finally, both stiffness and
sound velocity along the longitudinal direction are closely correlated in wood.
Consequently, the pattern of shrinkage variation in a board 1s closely related to the
patterns of variation in microfibril angle, stiffness, or sound velocity. Research has also
shown that, while there exists a wide variety of shrinkage-, microfibril angle-, stiffness-,
and sound velocity patterns in any population of lumber, warp-prone lumber exhibits
patterns of variation that are distinctly different from those seen in more stable lumber.
Figure 5 displays examples of the patterns of sound velocity variation found in crook-
prone 2 inch by 4 inch boards (“2 x 4”). Boards that have a high potential for crook
typically have steep edge-to-edge gradients in sound velocity (and also in shrinkage,
microfibril angle, and stiffness) along some or all of their length. On the contrary, boards
that have low potential for crook have little or no such gradients, as seen in Figure 6.

The sound velocity pattern that exists in any piece of lumber must derive from the
sound velocity pattern that existed in its parent log. Research has shown that the pattern
of sound velocity variation within a tree or log can be quite different between ditferent
trees. Figure 7 shows several such examples. It would seem likely that the boards sawn
from any one of the logs shown in Figure 7 would have sound velocity patterns that are
quite different from the boards sawn from most, if not all, of the other logs.

A key outstanding question with regard to distinguishing logs based on their
potential for producing warp-prone lumber is whether particular patterns of shrinkage (as
well as microfibril angle, stiffness, and sound velocity) in logs give rise to patterns in
lumber that cause crook and bow. This may be suggested by the fact that the shrinkage
variability within a tree tends to be greatest in the butt region, together with the
observation that lumber from butt logs tends to be more prone to crook and bow,
particularly in the region closest to the butt end.

Research aimed at answering that question employed the lumber sawn from a 41-

log subset of the butt logs whose warp and stress-wave velocities are shown in Figures 3
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and 4. This lumber was conditioned to moisture equilibrium at both 90%RH and
20%RH, and the crook and bow of each piece were measured at both equilibrium
moisture contents. The log-average changes in crook and bow between 90%RH and
20%RH are shown as functions of average log stress-wave velocity in Figures 8 and 9,
respectively, with selected logs highlighted.

Further testing was conducted to find out what distinguishes the high-lumber-
warp logs from the low-lumber-warp logs, especially among logs with comparable
average stress-wave velocity. These tests were directed specifically at determining
whether particular patterns of sound velocity (and by inference, particular patterns of
shrinkage, microfibril angle, or stiffness) in the logs are associated with high lumber
warp. After conditioning and warp measurement, the boards from 19 of these 41 logs
were each cut into 24-inch-long pieces. These pieces were grouped together by their
parent log and reassembled into their original positions in the log, forming eight segments
per log. Finally, the sound velocity in the log-length (longitudinal) direction was
measured board-by-board and then mapped to the cross-section of each log segment.

Comparison of the sound velocity maps of each log with the measured warp data
from the lumber sawn from that log revealed consistent relationships between the patterns
of sound velocity variation within each log, the configuration of the boards relative to
those patterns, and the crook and bow of the boards. A modeling analysis of these
relationships showed that the sound velocity patterns can be used to quantify the warp
potential of each log. By inference, the patterns of variation in shrinkage, microfibril
angle, or stiffness in the log could also be used. Furthermore, this analysis showed that
these patterns can also be used to determine which cutting patterns or log orientations
would produce lumber with less potential to crook or bow.

Moreover, the present invention contemplates the use of cutting devices, such as
saws, carriage band-saws, canter-twins, canter-quads, chip-and-saws, or the like. These
cutting devices may have blades, knives or other cutting surfaces. Based on the location
of the shrinkage properties and/or properties of spiral grain in a log, the log may be
oriented with respect to the cutting surfaces to provide lumber with reduced warp
potential. In an alternate embodiment, a sawing or cutting pattern may be selected based
on the location of the shrinkage properties and/or properties of spiral grain. This cutting

pattern may then be used to trim the log.
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Figure 10 shows the sound velocity maps for each of the eight 24-inch-long
segments from log #349. The actual board configuration, or sawing diagram, is shown as
an overlay on each segment map. As shown in Figures 8 and 9, this log had quite low
average stress-wave velocity, yet yielded lumber that was very stable with respect to
crook and bow change. Figure 11 shows the sound velocity maps and sawing diagram for
the segments from log #171, which 1s a log with slightly higher average stress-wave
velocity than log #349, but with substantially greater log-average crook change (Figure
8). By comparison to Figure 11, the sound velocity patterns in Figure 10 are much more
symmetrical (i.e., circular about the pith). Furthermore, the sawing diagram for log #349
is mostly centered over the sound velocity pattern such that the symmetry in the log’s
sound velocity pattern is projected onto the boards. The sound velocity (and shrinkage)
pattern in each board is therefore quite symmetrical, especially from edge to edge, which
would account for the relatively low levels of crook. This remains true despite the
relatively high overall shrinkage levels associated with the low overall sound velocity
values for this log. In contrast, the sound velocity patterns in log #171 are more
asymmetric (elliptical rather than circular) and also more eccentric (i.e., not centered on
the pith or on the center of the cross section). Furthermore, the sawing diagram for log
#171 is positioned relative to the sound velocity pattern in such a way that the
eccentricity of the log pattern results in very severe asymmetries in the boards, especially
from edge to edge in most of the cant boards. This would account for the very high levels
of crook measured in these boards.

Support for the above interpretations was provided by a model-based analysis of
the sound velocity and shrinkage patterns and the associated lumber warp in log #171. If
the cause-effect interpretations are accurate, then the crook levels in the boards sawn
from log #171 should be reduced by a rotation and shift of the sawing diagram relative to
the sound velocity patterns, for example as shown in Figure 12. While the sound velocity
patterns and the board pattern and dimensions are the same, the simple change in
orientation shown results in much more symmetric patterns of sound velocity and
shrinkage in the boards, especially from edge to edge in the cant boards. Using the finite-
element warp prediction model and sound velocity-shrinkage correlations developed 1in
earlier research [U.S. Patent No. 6,308,571], the crook of each theoretical board shown in
Figure 12 was determined. The results are compared with the measured crook of each
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corresponding actual board in Figure 13, showing that the rotation in sawing pattern
should substantially reduce the overall crook, and especially the crook of most of the
wide-dimension cant boards.

Although the character and alignment of the sound velocity patterns in log #171
are largely consistent between all eight segments, in general this may not be the case. For
example, in other logs, the degree of asymmetry or the direction of the elliptical axes of
the sound velocity pattern can vary from segment to segment along the length of the log.
It 1s worth noting that alignment between the sound velocity pattern and the sawing
diagram is most critical near the middle of the log, and less so near the ends, because the
curvature profile in the middle of each board has the greatest impact on the overall crook
or bow of the board. Consequently, the alignment in the middle region of the log should
normally weigh more heavily upon the choice of sawing orientation or cutting pattern.

A further example is illustrated in Figure 14, which shows the sound velocity
maps for the segments from log #552, which 1s a log with slightly higher average stress-
wave velocity than log #349, but with significantly greater log-average bow change
(Figure 9). Compared to those in log #349, the sound velocity patterns in log #3552 are
somewhat asymmetric, with the major elliptical axis oriented horizontally across the cant,
and with steeper gradients in sound velocity (which indicates steeper gradients in
shrinkage), especially in the upper and lower regions of the center cant. Those gradients
are oriented from face to face in the center-cant boards, and therefore likely account for
the relatively large values of bow in those boards. If this is true, then rotation of the
sawing diagram by about 90 degrees, as shown in Figure 15, would reduce the face-to-
face gradients and should result in less bow. Finite-element modeling analysis of such a
change in orientation confirmed that it would result in lower bow values, as shown in
Figure 16.

Figures 17 and 18 illustrate changes in lumber warp potential based on orientation
of the log at primary breakdown as predicted by finite element modeling. From the
figures it can be seen that a change in orientation can greatly affect the warp of the
lumber derived. In other words, the warp potential of the lumber cut from a log is not
solely an inherent property of that log, but instead depends also on the alignment between
the cutting pattern and the log at breakdown. Specifically, in Figure 17, warp potential
can be reduced from a maximum crook to 25 percent of that value based on rotation angle
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of the log. In Figure 18, warp potential can be reduced by over 70 percent. This
phenomenon also provides some explanation for the wide spread of log-average warp
values among logs having low stress wave velocity values, when the orientation of the
logs at primary breakdown is set randomly. Further, the cyclic nature of the plots in
Figures 17 and 18 supports the notion of matching the axis of symmetry of the log’s
internal shrinkage pattern with that of the cant in order to minimize the potential for
lumber warp.

Several methods are contemplated for obtaining shrinkage properties. Single and
multiple sensor groups, such as those which take various data and input the data into
algorithms are contemplated. These data can include moisture content measurement,
electrical property measurement, structural property measurement, acousto-ultrasonic
property measurement, light scatter (tracheid-effect) measurement, grain angle
measurement, shape measurement, color measurement, spectral measurement and defect
maps. Also, any means of determining microfibril angle, for example using
electromagnetic diffraction, is contemplated as a method for obtaining shrinkage
properties. Non-destructive means and methods are also contemplated to determine the
internal shrinkage profiles in intact logs, 1.e., without having to section them into
segments too short for sawing into commercially valuable lumber.

One broad class of options makes use of the established relationship between
shrinkage and stiffness in wood, and is aimed at determining the internal stiffness patterns
in the log as a surrogate for the internal shrinkage patterns. In one such approach, the
bending stiffness of the log is determined in multiple axial planes. Ditferences in
bending stiffness along different axial planes would reveal asymmetries and eccentricities
in stiffness (and shrinkage) within the cross-section of the log similar to the asymmetries
and eccentricities in sound velocity within the cross-sections of the logs shown in Figure
11 (log #171) and Figure 14 (log #552), for example. The bending stiffness of a log may
be measured in different ways. One is by measuring flexural resonance of the entire log,
for example, by suspending the log near each end and striking it near the middle, then
measuring the vibration response. Another is by measuring the bending wave velocity,

for example by striking the side of the log at one location and detecting the vibration at

two locations on the same side, spaced down the length of the log.
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In another related approach, the surface wave velocity i1s measured and analyzed
to determine the variation of shear modulus with depth below the surface. This method is
employed widely in non-destructive testing of concrete structures and in seismic
applications, and is referred to as Spectral Analysis of Surface Waves (SASW). An
example is provided in Figure 19. In this method, a shock impulse 1s applied on the
surface and the vibration response of the surface i1s measured at two locations some
distance away. The results are analyzed to determine the dispersion relationship, or the
variation of surface wave velocity with frequency or wavelength. Since surface wave
velocity is governed by the shear modulus of the underlying medium, the dispersion
relationship can reveal the variation of shear modulus with depth beneath the surtace. In
wood, research has shown that the shear modulus and the longitudinal elastic modulus
(stiffness) are related, so a measure of shear modulus variation with depth beneath the
surface would indicate the variation of stiffness with depth, as well. By making such
measurements at various locations over the surface of a log, the internal variation of
shrinkage with depth could be mapped. The plot in FIGURE 19 illustrates a drop In
surface wave velocity (also characterized as an area of asymmetry) at approximately 270
degrees around the circumference of the log. This can provide an indication of high
shrinkage near the surface. Thus, according to the present invention, the log may be
oriented with respect to a cutting device, or an appropriate cutting pattern may be
selected, to minimize warp potential of lumber derived from this log, taking into account
the higher shrinkage in this region.

Another non-destructive method is to relate shrinkage patterns to other physical
characteristics of the log. Such characteristics may be produced by, or related to, or may
even have caused the particular shrinkage pattern within the log. For example,
asymmetries and/or eccentricities in the internal shrinkage pattern may be revealed by
external shape factors such as asymmetries or eccentricities in the profile of the log’s
surface.

Such relationships were suggested in U.S. Patent No. 6,598,477 (“the ‘477
patent”’) and helped to form the rationale developed there for evaluating the warp
potential of a log based in part on its deviation from cylindrical form. Combined with log
average stress-wave velocity, such geometric measures yielded a log-average crook

prediction RA2 of 0.49. Sound velocity maps from the 19 logs measured here suggest that
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internal shrinkage patterns are not always closely correlated to external geometry, which
may be reflected in that earlier prediction result. Another factor influencing the
prediction results in the ‘477 patent is that the impact on warp due to the interaction
between log shrinkage patterns and board sawing patterns were not recognized or
accounted for. That is, as shown in Figures 17 and 18 above, the warp properties of the
lumber from a given log can be heavily influenced by the particular orientation of the
sawing configuration applied to that log.

It 1s further contemplated to reduce warp in lumber derived from a log or stem
where the type of warp detected is twist. As is generally known, twist is a form of warp
caused by spiral grain within a raw material. Various methods have been described to
determine twist potential. Lumber twist is caused by spiral grain, which generates a
rotational distortion of the board when the fiber shrinks in the longitudinal and,
especially, tangential directions. Research has shown that the potential for a board to
twist can be predicted from the pattern of grain angle on its faces [U.S. Patent No.
6,293,152], since the existence of spiral grain in a stem or log causes particular kinds of
grain angle patterns to appear on the faces of the lumber produced from that stem or log.
For example, one prediction model for twist uses the surface component of those grain
angles. In that model, the predicted twist is proportional to the sum of the difference
between the average surface angles on the two wide faces and the difference between the
average surface angles on the two narrow faces. To illustrate, Figure 20 shows twist
prediction results for one set of boards compared to the actual twist that was measured 1n
the same pieces. When a stem or log having a certain pattern of spiral grain s cut into
lumber using a given cutting pattern, it results in certain patterns of grain angles on the
faces of the boards produced, and in a certain amount of twist in that lumber. Once the
properties of spiral grain are detected and measured, the log may be oriented to reduce
twist potential in the derived lumber when the log is cut, or an appropriate sawing pattern
may be selected for cutting the log. With respect to a stem, appropriate sites for bucking
of the stem may be selected for breakdown.

As previously stated, it is contemplated that the present invention may be applied
to a raw material, such as a stem. To this end, the stem may be examined to determine
shrinkage properties and/or spiral grain properties using any of the methods described

above. From this data, one or more locations may be determined at which to buck the
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stem to provide subsequent raw materials having a reduced warp potential. The stem
may then be bucked at the one or more locations. Also taken into consideration may be
the form of cutting used for the logs derived from the stem, such as, for example, sawing,
chipping, peeling, or the like.

While the embodiments of the invention have been illustrated and described, as
noted above, many changes can be made without departing from the spirit and scope of
the invention. Accordingly, the scope of the invention is not limited by the disclosure of
the embodiments. Instead, the invention should be determined entirely by reference to

the claims that follow.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method for reducing warp in lumber derived from a log, the method
comprising the steps of:

examining the log to determine shrinkage properties of the log;

orienting the log with respect to at least one cutting device based on
assymetries and eccentricities in a pattern of the shrinkage properties, the orientation
being effective to reduce warp of the lumber derived from the log when the cutting
device contacts the log; and

cutting the log using the at least one cutting device to create the lumber.

2. The method of Claim 1 wherein examining the log includes obtaining at least
one measurement from one of a microfibril angle measurement, a moisture content
measurement, an electrical property measurement, a structural property measurement,
an acousto-ultrasonic property measurement, a light scatter (tracheid-effect)
measurement, a  grain angle measurement, a shape measurement, a color

measurement, a spectral measurement and defect maps.

3. The method of Claim 1 or 2 wherein the at least one cutting device has at least
one cutting surface and further wherein the log is oriented with respect to the at least

one cutting surface.

4, The method of Claim 1, 2 or 3 further comprising the step of:

creating a sound velocity map after the step of examining the log to determine

shrinkage properties of the log.

5. The method of any one of Claims 1 to 4 wherein the warp is crook.
6. The method of any one of Claims 1 to 4 wherein the warp is bow.
7. The method of any one of Claims 1 to 6 wherein orienting the log is also based

on finite element modeling of the log.
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8. The method of any one of Claims 1 to 7 wherein the warp is reduced by about
20% to about 70%.
9. The method of any one of Claims 1 to 8 wherein the at least one cutting device

1s part of a primary breakdown system.

10.  The method of any one of Claims 1 to 9 wherein examining the log to

determine shrinkage properties of the log includes measuring stiffness properties.

11. The method of any one of Claims 1 to 10 wherein the at least one cutting

device is selected from one of saws, carriage band-saws, canter-twins, canter-quads,

and chip-and-saws.

12. A method for optimizing stem merchandizing, the method comprising the
steps of:
examining the stem to determine shrinkage properties within the stem;
determining at least one location at which to buck the stem, based on a
location of the shrinkage properties, to reduce warp of lumber derived from the stem;
and

bucking the stem at the at least one location.

13. The method of Claim 12 wherein the at least one location is also determined

by a manner in which a log derived from the stem is subsequently processed.

14.  The method of Claim 12 or 13 wherein examining the stem includes obtaining
at least one measurement from one of a microfibril angle measurement, a moisture
content measurement, an electrical property measurement, a structural property
measurement, an acousto-ultrasonic property measurement, a light scatter (tracheid-
effect) measurement, a grain angle measurement, a shape measurement, a color

measurement, a spectral measurement and defect maps.

-13 -
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15. A method for reducing warp in lumber derived from a log, the method
comprising the steps of:

examining the log to determine shrinkage properties of the log;

selecting a cutting pattern for the log from a plurality of cutting patterns,
wherein the selection is based on a location of the shrinkage properties within the log,
to reduce warp of the lumber derived from the log when the log is cut; and

cutting the log using the cutting pattern to create the lumber.

16.  The method of Claim 15 further comprising the step of: creating a sound
velocity map after the step of examining the log to determine shrinkage properties of

the log.

17.  The method of Claim 15 or 16 wherein examining the log includes obtaining
at least one measurement from one of a microfibril angle measurement, a moisture
content measurement, an electrical property measurement, a structural property
measurement, an acousto-ultrasonic property measurement, a light scatter (tracheid-
effect) measurement, a grain angle measurement, a shape measurement, a color

measurement, a spectral measurement and defect maps.

18. A method for reducing warp in lumber derived from a log, the method
comprising the steps of:

examining the log to determine shrinkage properties of the log;

orienting at least one cutting device with respect to the log based on
asymmetries or eccentricities in a pattern of the shrinkage properties, the orientation
being effective to reduce warp of the lumber derived from the log when the one or
more cutting devices contacts the log; and

cutting the log using the at least one cutting device to create the lumber.

19.  The method of Claim 18 wherein examining the log includes taking at least
one measurement from one of a microfibril angle measurement, a moisture content
measurement, an electrical property measurement, a structural property measurement,

an acousto-ultrasonic property measurement, a light scatter (tracheid-effect)

-14 -
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measurement, a grain angle measurement, a shape measurement, a color

measurement, a spectral measurement and defect maps.

20.  The method of Claim 18 or 19 wherein the warp is crook.
21.  The method of Claim 18 or 19 wherein the warp is bow.

22. The method of Claim 18, 19, 20 or 21 wherein orienting the at least one
cutting device includes selecting a sawing diagram from a plurality of sawing

diagrams.

23.  The method of any one of Claims 18 to 22 wherein the warp is reduced by
about 20% to about 70%.

24.  The method of any one of Claims 18 to 23 wherein the at least one cutting

device 1s part of a primary breakdown system.

25.  The method of any one of Claims 18 to 24 wherein examining the log
includes:
determining an internal shrinkage pattern having a first axis of symmetry; and
determining an internal shrinkage pattern for the lumber having a second axis
of symmetry; and

orienting the log to match the first axis of symmetry with the second axis of

symmetry.

26.  The method of any one of Claims 18 to 24 wherein orienting the at least one
cutting device includes:
determining an internal shrinkage pattern having a first axis of symmetry; and
determining an internal shrinkage pattern for the lumber having a second axis
of symmetry; and
orienting the at least one cutting device to match the first axis of symmetry

with the second axis of symmetry.
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