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SUMMARY/RÉSUMÉ

BENEFITS OF ADJUSTING PLANER DEPTH OF CUTS

The study proposes a new method to optimize conventional rough green 
softwood planing operation using mathematical models to determine the top 
and bottom planer head allowance based on the overall sawmill sawing 
variation.

Mathematical models were developed and validated through lab and mill 
tests. The methodology to determine the optimum depth of cuts or planer 
allowances was established and the benefits were estimated for a selected 
Eastern Canadian sawmill.

The models were found very accurate in predicting the required depth of cut 
in relation to predetermined skip levels and especially with values less 
than 5%. The study demonstrated that depending upon the sawing variation, 
it is possible to properly dress lumber by removing as little as 0.015 inch 
from each face. Furthermore, from the five lumber samples selected at 
different machines located in two independent sawmills, three were dressed 
by removing 0.030 inch or less from each face.

The potential wood fiber savings can be quickly estimated using $0.80/MBM 
for each 0 .0 1 0" reduction of green lumber target size made possible through 
the reduction of planer allowances. This factor considers that 50% of the 
fiber saved is converted into lumber and the other 50% in chips.

The case study shows, that if this sawmill producing 75 MMBM per year, 
implement only half the recommended reduction (0.045 in.), it should 
experience an Increase in lumber and chips revenue of $295,000 annually.

AVANTAGES DU RÉGLAGE DES PROFONDEURS DE COUPE A LA RABOTEUSE

Cette étude a pour but de vérifier une nouvelle méthode d ’optimisation des 
opérations traditionnelles de rabotage des sciages verts de résineux. 
Cette méthode consiste en des modèles mathématiques basés sur l ’ensemble de 
la variation de sciage dans la scierie pour déterminer le réglage de la 
tête du haut et du bas de la raboteuse.

Nous avons conçu et vérifié des modèles mathématiques à l'aide d'essais en 
laboratoire et en usine. De plus, la création d'une méthodologie a permis 
de déterminer les profondeurs de coupe optimale à la raboteuse et d'estimer 
les revenus obtenus pour une scierie représentative de l'industrie du 
sciage dans l'est du Canada.

Les modèles se sont avérés très précis pour la détermination de la 
profondeur de coupe nécessaire en rapport avec des degrés prédéterminés 
de touche et manque, et ce , surtout pour des valeurs inférieures à 5 %. 
L'étude a démontré que selon la variation du sciage, il est possible de 
raboter adéquatement les sciages en enlevant aussi peu que 0,015 pouce sur 
chaque face. De plus, sur trois des cinq échantillons provenant de 
différentes machines de deux usines indépendantes, seulement 0,030 pouce ou
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moins a été raboté sur chaque face.

Il est facile d'estimer la valeur des économies potentielles en fibre en 
utilisant 0,80 $/Mpmp pour chaque réduction de 0,010 pouce de la dimension 
cible des sciages rendue possible par une réduction des profondeurs de 
coupe au rabotage. On tient compte pour cette valeur que 50 Z de la fibre 
récupérée est convertie en sciage et que l'autre partie est réduite en 
copeaux.

L'étude de cas démontre qu'une scierie ayant une production annuelle de 75 
MMpmp pourrait augmenter ses revenus provenant des sciages et des copeaux 
d'environ 295 000 $ par année en considérant seulement la moitié de la 
réduction recommandée, soit 0,045 pouce.
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1.0 OBJECTIVES

The overall project objective is to evaluate the potential benefits of 
mathematical models that would determine the maximun depth of cut of the 
bottom and the top planer heads based on the overall expected sawing 
variation. In this context, work was conducted to develop and validate the 
models and to provide a methodology that would enable sawmill Quality 
Control (QC) personnel to perform calculations to determine the optimun 
planer head allowances and settings.

2.0 INTRODUCTION

Impending resource shortages combined with the recent increase in stumpage 
and the escalation of production costs have lead the sawmilling industry to 
take advantage of all opportunities to remain competitive and profitable.

In the light of studies performed by Forintek Canada Corp. across Eastern 
Canada, mill profit is most sensitive to product value and lumber volume 
recovery. One stage of the conversion process that offers a potential to 
increase product value and lumber recovery, is the planing operation. 
Being the last stage in conversion process, planing operations are often 
neglected in terms of wood fiber recovery and product value. Despite 
today's computerized lumber size package designed to reduce target 6ize, 
conventional planer operations are not optimized.

The problem lies in determining the optimum depth of cut at the planer that 
will remove the sawing variation on a maximum number of boards without 
causing excessive wood fiber losses nor skips and misses. The traditional 
way of adjusting the depth of cut of the planer heads is by trial and error 
on a few of the first boards to be processed. This method can be 
misleading, resulting in a loss in lumber recovery and product value.

Since sawing variation is specific to a particular setting on a given 
machine, there is a range of sawing variations and thus many target sizes 
within a particular mill. Therefore, to realize the optimum value of 
lumber and wood product, the allowance for both planing heads should be 
calculated using the overall sawing variation of the sawmill.

This study proposes a new method to optimize conventional rough green 
softwood planing operations using mathematical models to determine the top 
and bottom planer head allowances based on the overall sawmill sawing 
variation. It also compliments the usual method of estimating target 
sizes.

3.0 STAFF

S. Constantine au, B.Sc.F. Research Scientist
Lumber Manufacturing Technology

P. Fortin Summer Student
Lumber Manufacturing Technology

L. Reny, B.Sc.F. Project leader and Research Scientist
Lumber Manufacturing Technology
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4.0 MATERIALS AND METHODS

The first part of the study concentrated on the development of two 
mathematical models that will estimate planer head allowances based on 
lumber sawing variations. The current FORINTEK LUmber Size Packages "LUSI" 
using the Normal Probability Density Function and a scientific publication 
from Wang (15) served as a base for the development of the models.

To represent the Eastern Canadian softwood industry and to evaluate the 
potential benefit of adjusting planer depth of cut, a two line studmill was 
chosen for study. A lumber sample was selected from each machine that was 
producing 2-inch lumber to verify the mathematical models with all types of 
sawing variations.

The study is consisted of two series of tests. The first series was 
conducted using in-house facilities. It consisted of first determining the 
sawing variation of each board sample. As well, validating equations for 
the top head planing allowance using a planer with a top cutterhead 
operating at low feedspeed.

The second series of tests was conducted in cooperative sawmills to confirm 
if the results from the lab test performed at Forintek would be similar to 
test at higher feedspeeds and in an industrial environment. In addition, 
it was designed to validate the model for the bottom planing head at low 
and high feedspeed. The planing tests were performed on the lumber samples 
from the two line studmill as well as other samples selected at the mill 
site for the sake of convenience.

The experimental procedure remainded identical within each planing test. 
Essentially, lumber samples were planed several times according to 
predetermined depths of cut which increased by Increments of 0.015 inch 
after each pass. The percentage of skip was recorded for each depth of cut. 
The process stopped when the skip area became less than 5 percent on 
average or when a given depth of cut was reached.

To define the extent of the study as well as to focus on the most important 
variables involved in the planing process, a number of parameters and 
assumptions were established. To facilitate the understanding of the 
study, the research parameters and assumptions are explained as follows.

4.1 TYPE OF SAWING VARIATION

There are different types of sawing, variations created when logs are 
transformed into lumber. In lumber size quality control programs, Bawing 
variations refers to the differences of thickness or width within and 
between the boards. However, lumber shape or profile as well as surface 
roughness should also be considered as sawing variations because they are 
directly related to the sawing process.

These different types of sawing variations can be categorized by level. 
According to Triboulot (14), there are 4 levels of sawing variation within 
a wood product. Each level of sawing variation will be defined to ensure a 
common understanding and to show the limitations of the LUmber Size quality 
control method.

2



4.1.1 Level 1 - Macro-deformation

Level 1 of variation considers lumber as a whole and refers to its shape or 
profile in a three dimensional sense (fig. 1 ). We are refering to 
deformations such as bow, cup, twist or crook in lumber. Those are macro- 
variations that can be measured in inches. Lumber size control methods are 
however not taking in account such variations because of the instruments 
and the measurement method used. Usually such small amplitude deformations 
do not downgrade the quality of green softwood lumber.

The relative flexibility of the lumber along its length and width combined 
with the forces of the planer infeed system contribute to minimize the 
impact of those deformations during the planing process. Level sawing 
variation can vary from 0 .1 to a few inches depending upon deformation type 
and lumber dimensions. Deformations in lumber result from many factors and 
the most common are:

- differences of tension within the board created by:
. reaction wood (tension or compression wood)
• difference in moisture content

- misalignment between infeed system and saw(s)

4*1*2 Level 2 - Surface flatness or undulation

Level 2 sawing variation refers to surface flatness or undulation. This 
level of variation is measured with the lumber size methods by means of 
thickness differences. Variations will show up if the variations of the 
two faces of the lumber are independent which means that the surface 
undulations of both lumber faces are different in amplitude and/or 
direction at any given point (figure 2). Level 2 sawing variation usually 
range from 0.005 to 0.200 depending upon the equipment type and their 
condition (10,14).

This level of variation accounts for most of the sawing variation estimated 
by present quality control lumber size programs. These surface undulations 
can be caused by a large number of factors such as:

- Vibrations (saw, machine, building)
- Nature of wood (density, knots)
- State of wood (frozen wood)
- Operating practices
- Cutting tools... - '

An example of surface undulation is shown in figure 3.

4.1.3 Level 3 — Surface roughness

Level 3 sawing variation also refers to surface flatness or undulations but 
at a much smaller scale than level 2. Level 3 sawing variation is commonly 
called surface roughness. This level of variation is usually evaluated by 
the stylus method or other methods working on one face of the lumber 
(9,10,14). Nevertheless, the existing lumber size method by means of 
selective thickness differences can include surface roughness as a

3



Figure 1. Large Amplitude Level 1 Deformations.
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DEPENDENT SAWING VARIATION

* Sawing variation at each lumber fàcè 
direction at given points. different in amplitude and/or

Figure 2 . Dependent Versus Independent Sawing Variation
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Figure 3. Surface Undulation - level 2, created by a chipping slab resaw or 
top slabber.
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component of the total 6awing variation.

However, most of the time, the contribution of the surface roughness to the 
overall sawing variation of the board cannot be determined because the 
peaks and valleys, causing the roughness, are smaller than the width of the 
caliper jaws used to measure the lumber. The magnitude of the variations 
caused by surface roughness is usually less than 0,005 inch (14).
The surface roughness results from the cutting action of the tool (saw, 
knife) on the peripheral wood fibers so that it covers almost the entire 
surface of the lumber. Many factors are responsible for surface roughness 
and very often, they are closely interrelated. Some of these factors are:

- wood species
- state of wood
- feedspeed, sawspeed
- lumber dimensions, depth of cut
- tooth design, metal alloy
- vibrations...

Figure 4 shows an example of surface roughness produced by a band saw.

4.1.4 Level 4 - micro-deformations

Level 4 refers to sawing variation at a microscopic level. It relates 
more to the nature and the geometry of the sub-surface of the wood. This 
level of variation is not involved in lumber size quality control because 
of the microscopic scale.

4.1.5 Implication to Lumber Size quality control program

As previously described, there are 4 levels of sawing variations but the 
measuring technique of the lumber size method only interacts with two of 
them: levels 2 and 3, surface flatness and surface roughness respectively.

Level 1 sawing variation will not show up while measuring thickness 
differences between 2 faces. Some of these deformations, in a normal 
magnitude, should not affect the quality of green lumber at the planing 
operation because wood is relatively flexible along the length. However, 
planer mill production can be much more affected by this level of sawing 
variation than by the others since defective lumber can jam and/or dammage 
the planer.

For the purpose and the scope of this, study, level 4 variation is of no 
concern since we are working on green construction lumber. However, 
special attention should be given to this level if working on dry lumber 
that will be glued at some point.

From this point on, there will be no differentiation made between sawing 
variation levels 2 and 3. The term sawing variation will be used and will 
include both levels of variation. Surface roughness will be considered to 
be a component of the sawing variation. The difference of magnitude 
between levels 2 and 3 indicates that surface roughness is often overcome 
by level 2 variations. Finally, since the surface roughness is located at 
the extreme of the lumber, we can assume that most of this level of
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Figure 4. Surface roughness level 3, created by band saw.
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variation will be removed during planing. The only surface roughness that 
will remain on the boards, with the exception of planer knife marks, should 
be located in the deep valleys. Those remaining undressed spots will 
represent the selected percentage of surface skip allowed by the mill QC 
personnel.

4.2 Research Assumptions

The use of the full bite of the caliper jaws to measure the 6ize of the 
lumber was found to overestimate the true average dimension and also 
underestimate the withln-board sawing variation. Wang 1983 (15) considers 
that using 1/4 inch bite will give a better estimate of these parameters. 
Considering these study results and the fact that rough green lumber is
oversized (in relation to the marketed sizes), the measurements will be
taken using 1/4" plus half of the oversized dimension in width as the bite 
of the caliper jaws.

Wood is flexible to a certain extent, depending upon length, shape, force 
and its point of application. As previously discussed, the normal
magnitude of level 1 deformations on green lumber is generally overcome by 
the planer infeed pressing system. However, we assume that the peaks,
created during the sawing process on each face of the lumber, are not 
compressible by the planer infeed and holding mechanism (fig. 5 ).

Lumber entering a planer is referenced to the infeed bed plate over its 
full width on approximately 2 or 3 feet of length (fig. 5). Assuming that 
the infeed bed plate is perfectly straight and flat, the lumber should lay
on the highest peaks or hills encountered on these 2 or 3 feet.

Considering that the plan of the cutterhead is parallel to the infeed bed 
plate and that the forces of the pressing system are not high enough to 
compress the peaks of the lumber. We can see that the depth of cut of the 
bottom fixed head is related to the highest peaks and valleys within lumber 
sections of 2 or 3 feet (fig. 5). Since planers can operate at feedspeeds 
up to 2000 feet per minute, we will consider the board and its sawing 
variations as a whole rather than in sections of 2 or 3 feet, thus avoiding 
complicated mathematical model for dynamic stage.

4.3 Normal Distribution Planer Model

Most of the current lumber size QC programs used in sawmilling and in other 
industries are based on the normal probability density function. Since the 
actual thickness of a specific nominal lumber thickness tends to be 
centered on a defined target size, it is expected that its thickness 
distribution will fit a normal distribution curve. Therefore, the 
mathematical models developed in the study assume a normal distribution of 
lumber sizes.

Many of the computerized lumber size packages available on the market today 
are based on the normal probability distribution and use a similar 
mathematical model similar to the one expressed by T.D. Brown(2),

T o .d. M + P + (Z x S. ) 
(1-Sh) C

f 1 ]
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Figure 5. Planer Infeed and Reference System.
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Where o.d. “ roueh green target size to obtain dry finished size 
- marketed size of dry finished lumber 
= planer allowance
“ shrinkage percent expressed as decimal 
■ undersize factor based on QC 

St ■ combined or total sawing variation

Note: the equation is identical to the one expressed by T.D. Brown with
the exception of a few symbol changes»

This equation 
as outlined 
redundant bee 
variations. 
allowance for

is widely used to approximate lumber target size. However, 
by Wang (15), planing allowance and sawing variations are 
ause the purpose of the planing process is to remove sawing 
Furthermore, there are no methods to calculate planer 

the top and bottom head other than trial and error process.

As expresed in this study and in the lumber size 
variation, "S ", refers to the standard deviation 
population» In statistics, standard deviation "S" 
the variance "S2".According to Sokal & Rohlf (12), 
for a group can be computed as,

packages, total sawing 
of sample groups from a 
is the square root of 

the total variance "S2 "

n-1 i=lr Y ): [ 2 ]

whe re i 
n

index
number of measurements made on boards 
measurement
total mean of all measurements

or S2. SSw + SSb 
dfw + dfb

[3]

where SSw 
SSb 
df 
df.w

sum of square within boards 
sum of square between boards
degrees of freedom for variation within boards 
degrees of freedom for between board variations

The total variance S2 can be fragmented'into two conponents 
S2._ = within board sawing variance
S2 between board sawing variance

Either S2t, S2w or S2 can be calculated knowing the two others. However, 
they cannot be added directly. The degrees of freedom for each type of 
sawing variation (total, within and between) should be used in the 
calculations as shown in equation [3]. By adding or abstracting directly 
as most of the current lumber size packages do, the estimation of "Sb" 
appears smaller than it should. However, the more important values "St" and 
w* remain true.
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Two models were developed; one model for each planing head» They differ 
because of the reference system (bed plate) Inside the planer. As it will 
be explained later, the bottom planing head uses "Sw" and a "t" value for a
two-sided statistical tolerance and the top planing head uses "S,." and a 
"t" value for a one-sided statistical tolerance. c

4.3.1 BOTTOM HEAD MODEL

Based on the research assumptions outlined previously, a mathematical model 
was developed to estimate the fixed bottom planing head allowance using the 
within sawing variation of the lumber sample.

The total sawing variation (St) of a group of boards consists of two 
components: the within-board sawing variation (S ) and the between-board 
sawing variation ( ) -  The bottom planing head works only on the face of 
the lumber that is referenced to the bed plate. Therefore, only the within 
sawing variation (Sw ) of the lumber is removed.

Knowing that the two faces of the lumber had been sawn by the same machine, 
we can assume that the variation on both faces are equal and state that 
each face of the lumber will contribute to half of the variance (S2) of the 
board. We also have to assume that the sawing variation of each face i6 
independent. Since the within sawing variation (Sw) is resulting from the 
within sawing variance (S2w), we can state that the within sawing variation 
( S2w or Sw) of one side of the board is equal to S2w/2 or SwA/2.

If the faces of the lumber are manufactured by two different machines, it 
is assumed that the worst face will be planed by the top planing head. The 
sawing variation of the bottom face will then be equal to Sw//2~ of the 
machine that has sawn the face considered as the bottom face. ’

Assuming that the thicknesses of each sample are normally distributed and 
that the variations from both faces are equal and indepenent (if both faces 
are sawn by the same machine), we can presume that the difference of 
thicknesses related to one side of the board will also be normally 
distributed. Therefore, to remove almost all the within sawing variation 
with the bottom planer head, the depth of cut should be set at 6 x Sw/J2 . 
The factor 6 comes from the fact that approximately 100 percent of the area 
under the normal probability density function extends from - 3 to +3 or 6 
times the standard deviation "S" or "5" as in figure 6 .

The toughest NLGA grading rules for softwood dimension lumber allows 
certain manufacturing imperfections including skips of less than 1/16 inch 
on less than 10 percent of the lumber pieces. The provisions also limit the 
length of skip marks. These NLGA provisions constitute a maximum limit and 
is seldom used by graders to its fullest potential. They will downgrade 
some pieces with less than 1/16 inch skip when the number of defective 
lumber increases over a short period of time. Therefore, we should not only 
look at the percent skip area but also at the frequency and the extent of 
the skip on the lumber.
Since the model works with thickness measurements to estimate the skip 
percentage, it is impossible to relate directly the skip percentage and the 
number of pieces with skip. Therefore, we should use an undersized or skip

12



Figure 6

95.44%
99.73%

f* ± ° contains 68.27% of the items 
H±2a contains 95.45% of the items 
/i ± 3<7 contains 99.73% of the items

50% of the items fall between n ± 0.674a 
95% of the items fairbetween + 1.960a 
99 „ of the items fall between + 2.576a

Areas Under^the Normal Probability Density Function and 
the Cumulative Normal Distribution Function.
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factor that would allow a certain percentage of skip surface as well as 
ensuring that skip affects less 10 percent of the lumber pieces. At the 
begining of the tests we will use an undersize or skip factor that will 
allow a theorical maximum of 5 percent skip surface.

Special attention should be given to the undersizing factor. A general 
belief is that skip area is caused only by the valleys of the sawing 
variation. However, when using a fixed bottom head planer, lunber is 
referenced to the bed plate thus the peaks become as important as the 
valleys (fig. 5). In order to incorporate this observation in the model, 
the undersized factor should account for both sides of the normal 
probability density curve and thus the 95 percent confidence interval 
should be for a two-sided statistical tolerance which means that 5 percent 
will give 2.5 percent on each side of the normal probability density 
function (fig. 7).

Because we want to define a confidence interval for the average thickness 
of the 2-inch lumber produced at a given machine or in the sawmill, with an 
estimate of the population variance, we have to use the percentiles of 
Student sampling distribution (appendix 1). The general formula to 
estimate the fixed bottom planer head allowance is:

2t x Sw [A]

where Sw = within-boards sawing variation
t = value of Student t—distribution for an infinite number 

of degree of freedom and for a two-sided tolerance

For 5% surface skip tolerance,

t= 1.96 and the bottom planer head allowance given by 

2 x 1.96 x Sw

For 1% surface skip tolerance,

t- 2.576 and the bottom planer head allowance given by 

2 x 2.576 x Sw
F

* Appendix 1 provides t values for surface skip tolerances under 10 %.

These equations are valid If the sawing variation estimated reflects the 
geometry of the surface of the lumber. Sometimes, lumber faces have 
defects that will not be quantified by the measurement method. A good 
example of this is the misalignment of the bottom and topsaw (sawing 
offset) in a double arbor circular gang resaw (fig. 8 ).

This type of problem should not be corrected at the planing operation even 
though it is often the case. To overcome this type of defect that cannot 
be measured by the usual method, a constant "d" must be added to the 
equation [4] to increase the depth of cut of the bottom planing head. The 
value of the constant "d" should be measured on the bottom face of the
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f(z)

f(z) = normal probability density function 

z = variable 

Ot = level of significance

Figure 7. Confidence Intervals for a Two-Sided Statistical Tolerance
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Figure 8 . Defect Not Directly Measured Through Lumber Size Method.
Effect of Offset Between Top and Bottom Saws in a 
Bull Edger.
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[5]

The new equation to account for this type of defects is

(2t x Sw/y/2 ) + d general form

4.3.2 TOP HEAD MODEL

Similar to the bottom planing head, a mathematical model was developed to 
estimate the top planing head allowance based on the sawing variation.

The top planing head does not have a reference plate that touches the 
be d^essed* The lumber is referenced through its bottom face on 

t e bed plate of the planer. It is then easy to see (fig. 9) that the top 
planing head will remove from the board any thickness in excess of the 
distance between the actual top cutting head circle and the bed plate. 
Therefore, only the valleys of the top face of the lumber or a thin board 
will create skip area.

Since the top planing head deals with the residual dimension, thickness 
variations among and between the boards become an important factor. Thus, 
t e total sawing variation (S ) should be used to determine the confidence 
interval in the calculation of the top planing head allowance.

Knowing that the two faces of the lumber have been sawn by the same 
machine, we can assume that the variation on both faces is equal and state 
that each face of the lumber will contribute for half of the variance (S’) 
of the board. We also have to assume that the sawing variation of each 
face is independent. Therefore, we can state that the total sawing 
variation of one side of the board is equal to S’t/2 or St/^T

If the faces of the lumber are manufactured by two different machines, it 
is assumed that the worst face will be planed by the top planing head. The 
sawing variation of the top face will then be equal to Stl HTof the machine 
that has sawn this face. As explained earlier, we use student distribution 
to determine the confidence interval at 95 percent. Because skip area will 
be created only by valleys or by thin boards, the confidence interval will 
be estimated for a one-sided statistical tolerance (fig. 1 0).

Based on the assumptions previously made, the top planer head allowance is 
estimated using:

t x St general form [ 6 ]

where
total sawing variation of the boards
value of Student t-distribution for an infinite number 
of degree of freedom and for a one-sided tolerance

For 5% surface skip tolerance,

1.645 and the bottom planer head allowance given by 

1.645 x St
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Figure 9. Schematic View of a Planer Cross Section
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Figure 1 0. Confidence Interval for a One-Sided Statistical Tolerance
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For IX surface skip tolerance,

t» 2.326 and the bottom planer head allowance given by

2.326 x St
¥

* Appendix 1 provides t values for surface skip tolerances under 10 X.

As previously explained, a constant "d" has to be added to the equation [6] 
to account for certain kind of defects. The new equation is:

(t x St/fij + d general form [7 ]

Again, this type of defects should not be overcome at the planer and the 
problem should be rectified as soon as possible at the sawmill.

4*3.3 Thickness Ranking Technique

Even though the population of actual thickness for a nominal lumber size is 
expected to be normally distributed, it often occurs that the distribution 
is not normal. To provide an alternative to the visual evaluation 
technique and to attempt to monitor how well the normal model works with 
non-normal sample distributions, a statistical technique is used. We 
called it the "thickness ranking technique".

The top planer head allowance estimated by this technique is in relation to 
the sawing variation of the sample through its thickness distribution. The 
planer head allowance accounts also for a certain percentage of undersized 
measures or skip area determined by the QC personnel.

This method is very simple. It consists of ranking in increasing order all 
the thickness measurements of the sample and assigning them a numerical 
index ranging from 1 to n (see appendix 2). The second step consists of 
obtaining the average thickness of the sample. In the following step, one 
has to decide what percent skip area should be allowed and then find the 
corresponding thickness value. The top planer head allowance is obtained 
by subtracting this value from the average thickness. This method works 
only for the top planing head.

TOP HEAD ALLOWANCE

The best way to complete the previous explanation is to give an example. 
Appendix 2 provides a table with the numerical values corresponding to the 
following explanations.

Ex.: You want to know the depth of cut of the top planing head that would 
dress lumber and leave approximately 5% skip area.

- 50 boards sample, 6 locations/board that total 300 measurements for 
the sample,
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- rank the 300 measurements in increasing order and assign them a 
numerical index as shown in appendix 2 .

- the average thickness of the sample equals 1.742"

- 5% skip area corresponds to the 15th value from the smallest one as 
ranked in appendix 2; (300 x 5%)= 15th value which is 1.702"

- the depth of the cut is given by subtracting the corresponding value 
of the % skip area from the average sample thickness:

1.742" - 1.702" = 0.040"

If the top planing head is set to remove 0.040", there should be about 5% 
of skip area distributed over all the boards of the sample.

BOTTOM HEAD ALLOWANCE

The thickness ranking method cannot be applied to the bottom planing head 
because the ranking model uses the thickness measurements in their raw 
form. As explained previously, the bottom planer head allowance is 
estimated using the within-board sawing variation. Since, there is no 
statistical treatment on the data, it is impossible to discern the within 
sawing variation (Sw) from the total sawing variation (S,.)* Therefore, 
this method would give most of the time a much larger depth of cut than 
needed.

As explained above, this method could well be used as a predicting model. 
Although its predictions with non-normal thickness distributions are more 
accurate than the normal law model, this technique cannot be used for the 
bottom planing head. In addition, it requires a large number of 
measurements to provide an accurate prediction. For those reasons, we do 
not consider the ranking technique as a model but rather as a tool to 
monitor the performance of the visual skip evaluation method and also the 
normal law model.

5.0 RESULTS AND DISCUSSION

To validate the equations developed in the previous sections, a series of 
laboratory and field tests was performed. The intent of the laboratory 
test was to reduce the number of variables such as feedspeed, vibrations 
and operational imponderables, to be as close to the theoretical value and 
to obtain a good idea of the potential under partially controlled 
conditions. The testing procedures were designed to monitor the changes in 
skip surface as the depth of cut increased, even though the models were 
meant to be used conversely; to determine the depth of cut according to a 
specific level of skip.

Rather than dressing lumber according to the values as predicted by the 
model for a given skip percentage, we proceeded backward. The lumber was 
dressed using a specific depth of cut and the skip percentage was then 
evaluated. These testing procedures provided more information and
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flexlbility and allowed us to obtain a better representation of the 
relationship between the depth of cut and the skip percentage throughout 
the whole range rather than for some selective results.

5.1 LABORATORY TOP HEAD PLANING TEST (PORINTEK)

This experiment was performed using an in-house 18-inch wide planer with a 
three—knife top planing head. The lumber samples used were exclusively 2X4 
eight feet long Jack Pine (Pinus Bankslana Lamb.). The lumber was selected 
in a cooperative sawmill from the Abitibi region (Northwest Quebec). It was 
chosen at the exit of each gang resaw to attempt to obtain the 
representative number of boards produced by each saw set of the gang resaws 
in order to reflect the sawing variation within each machine. Table 1 
gives the number of boards selected per machine center as well as the 
number of boards kept for the study.

Each group of boards was colour-coded to a machine center. Each board was 
numbered on the side. A lumber size study was performed for each group, 
results are tabulated in Appendix III. Prior to the experiment, the 
thickness measurements of each group were tested for normality using the 
Kolmogorov-Smirnov test. None of the groups was normally distributed. 
Actual lumber thickness distribution as well as the expected normal 
distribution curve for each machine is presented in Appendix IV.

One of the objectives of the test was to monitor the percent skip area on 
the dressed face board as the depth of cut increased. Two longitudinal 
lines were drawn on that face with lumber crayon. The lines were 
approximately 1/4-inch wide and located at one inch from the edges of the 
piece. The two lines were drawn on the full length of the piece. The 
evaluation of the skip area was performed by dividing visually the board in 
half length and considering each of the four line segments as 25 percent of 
the area. Each segment of a line was then subdivided visually in five 
sections for skip evaluation. The percent skip area was thus estimated by 
class of five percent. The skip area was evaluated by the same person 
throughout the whole study.

After each pass in the planer, the percentage of skip area was evaluated. 
Before each new pass, the distance between the bed plate and the cutting 
plane of the head was generally decreased by approximately 0.015 inch. 
Uimber was dressed successively until the total average skip area became 
less than 5 percent or after a predetermined depth of cut was reached.

The adjustments on the planer were made using digital thickness gauge 
mounted on an independent base. A trial piece was processed before each 
new passed to verify the setting. It was found that the accuracy of the 
planer setting could vary by +_ 0.005 inch for each independent pass. 
However, to overcome this inaccuracy, the dressed size of the trial piece 
was used to determine the depth of cut.

5.1.1 Bull Edeer

Each lumber sample or subsample was tested separately. Being the first 
sample processed, the bull edger lumber sample was studied more intensively 
than the other samples. The planing process was started using almost the
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Table 1

Lumber Samples for Laboratory Tests

Machine
Type // boards 

selected
# boards

retained for testing

Horizontal single arbor 
circular gang resaw (bull edger)

50 50

Vertical double arbor (VDAE) 
circular gang resaw

55 55

Chipping slab resaw 
(top slabber)

50 34
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largest lumber thickness of the sample (1.800 inch) as distance between the 
bed plate and the cutting arc of the top head (dressed size). For each 
pass, approximately 0.015 inch was removed from the fop face. The process 
was identical for the two other samples except that the starting distance 
between the bed plate and the cutting plane of the head was approximately 
the same as the average lumber sample thickness.

A more intensive study was performed on the bull edger lumber sample to be 
able to visualize a complete relationship between the model and the 
observed values and to ensure that the relationship will be similar in 
direction and magnitude throughout the whole range. Figure 11 shows the 
relation between the lab test results and predicted values from the normal 
law model [6] for the lumber manufactured at the bull edger.

The relationship between the test value and the normal law model is very 
similar in terms of direction and magnitude. This is confirmed by a high 
and positive correlation factor, r = 0.999, at a level of significance 
smaller than 1.0 percent. Therefore, we can conclude that the normal law 
model is good at predicting the skip area for the whole range of dressed 
sizes.

Even though the rate of change between the variables is directly 
proportional and similar in magnitude, there is an offset or bias between 
the two curves as shown in figure 11. Considering the test values as the 
reference, it seems that the model overestimates the skip area when over 80 
percent and underestimates skip below this value. The total average bias 
between the model predictions and the test values is -2.9 percent which 
means that the model underestimates the skip area by 2.9 percent although 
it sometimes overestimates it.

Under 10 and over 80 percent skip area, the curves are much closer than 
between those values. At some point, the difference is as high as 11.1 
percent. This means that between those values, the model may not be as 
good to predict or/and the visual evaluation of the "true" skip between 10 
and 80 percent was less accurate. The difference is very likely to be 
caused by a combination of those two factors rather than by only one.

As explained in section 4.1, the skip evaluation was visually done in 5 
percent class. Only from the point of view of the evaluation method, the 
difference between the curves can be explained by the fact that it is much 
easier to evaluate skip surface at a very low or very high level than it is 
at an intermediate stage (between 10 to 80%). In addition, to remain 
conservative the tendency was to visually overestimate by rounding up skip 
percentage to the upper class limit.

The overestimation is also confirmed to a certain extent when plotting the 
curve of the ranking technique against the two others as shown in Figure 
12. The distance between the normal law model curve and the lab test curve 
(visual evaluation) indicates the total potential amount of overestimation. 
The shaded area between ranking technique curve and the visual estimation 
curve constitutes the actual contribution of visual overvaluation to the 
difference. The remaining portion can be attributed to the model and to 
operational inaccuracies.
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The ranking technique is used to segregate the contribution of the visual 
evaluation from the overall difference because it works with actual 
measurements without using any kind of predicting formula. Nevertheless, 
the ranking technique is only an indicator since it also has limitations.

The other reason explaining the distance between the two curves is a less 
accurate model prediction for the values between 10 and 80%. The principal 
factors that can induce bias predictions are:

- operating errors;
- planer accuracy;
- the limit of the lumber thickness and the 6awing variation measurement 

method ;
- a abnormal lumber thickness distribution.

As previously mentioned, planer accuracy was estimated to b e _+ 0.005 inch
for each independent pass. Even though a trial piece was used to obtain 
the actual setting, inaccuracies remained possible. However, they have the 
tendency to balance in sign and magnitude.

Since only six measurements are taken at specific points along the edges of 
the piece, it is possible that the measurement method tends to 
underestimate the sawing variation and therefore the actual skip
percentage. In addition, the skip percentage can also be directly
influenced since in the planer, the lumber lies on the bed plate. In the 
worst case, the three highest peaks touching the bed plate will contribute 
to increase skip on the bottom face and decreased skip on the top face 
(Figure 5).

An abnormal thickness distribution will influence the model prediction 
accuracy. By superimposing the corresponding normal distribution curve 
over the actual thickness distribution (Appendix IV), it is possible to 
identify if the skewness of the actual distribution curve will contribute 
to over or underestimate the skip.

Table 2 provides part of the results from the laboratory test as well as 
the predicted values of the normal law model corresponding to the zone of 
interest. The complete table is presented in Appendix V. The values in 
brackets represent the number of measurements from which sample parameters 
are based.

In table 2, the dressed size corresponds to the distance between the 
cutting circle of the top planer head and the planer bed plate. It is also 
the largest thickness that a piece of lumber can have after being processed 
at this specific setting. The difference between the average board 
thickness and the dressed size constitutes the actual depth of cut.

To be able to compare the test results and the predicted values, the depth 
of cut for each pass was used to work the model backward and find the 
corresponding skip percentage. As benchmark, the depth of cut predicted by 
the normal law model [6] for a skip level of 5 percent was added to Table 
2. The predicted depth of cut is 0.033 inch based on the average lumber 
thickness.
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Bull Edger Lab Test Results Versus Top Head Model Predictions
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For a depth of cut of 0.034 inch, the remaining skip surface was evaluated
7.2 percent on average while the model was predicting 4.3 percent, an 
absolute difference of 2.9 percent. At the last pass, a total of 0.047 
inch was removed from the top face. The skip was then evaluated at 2.6 
percent while the predicted value was 0.9 percent, an absolute difference 
1.7 percent.

As pointed out earlier, the skip percentage is an average of the skip 
surface of all boards. A five percent skip factor does not mean that 5 
percent of the boards have skip but rather that the total skip surface 
represents 5 percent of the total surface of the boards. However, the 
National Lumber Grade Authority (NLGA) use a classification based on the 
depth and dimensions of the skip area as well as its frequency on lumber. 
The NLGA toughest restriction on skip or hit and miss on 2" x 4" SPF lumber 
is for( the "Construction Light Framing" and "No. 1 Structural Light 
Framing" grades. The provisions are expressed as:

- Skip: hit and miss skips in 10% of the pieces;
- Hit and miss is a series of skips not over 1/16" deep with surface area 

between.

Although the NLGA allows manufacturing imperfections as defined by these 
restrictions, the mill graders seldom used them to their fullest potential 
to make sure to stay within the limits of the regulations. As the lumber 
pieces count with skip mark increases, mill graders tend to downgrade a 
higher number of pieces lumber. Therefore, the proportion of lumber with 
skip marks becomes a factor that should also be considered.

Table 2 provides the percentage of pieces affected by skip after the final 
pass. At the depth of cut of 0.047 inch, 12 percent of the boards (6) 
contained some skip marks. From those six boards, three had 5 percent or 
less, two had between 5 and 15 percent and one had 90 percent. This last 
board was very thin, its average thickness was 1.671 inch which explained 
the extremely high amount of skip. In most cases, skip was less than 1/16— 
inch deep and for most of them, the skip was very shallow and hardly 
noticeable. In fact, only one board should have been downgraded.

Although the accuracy of the predicted values may vary somewhat, the model 
is good at predicting values under 10 percent skip for the type of sawing 
variation generated by the bull edger. Therefore, the model is well suited 
for the application since it is relatively precise in the zone where we are 
interested in predicting the percent skip area related to a given depth of 
cut. - '

5.1.2 Vertical Double Arbor Edger

As previously mentioned, the testing procedures remained identical for all 
machine centers. However, the VDAE planing process was started almost at 
the average lumber sample thickness since the intensive study on the bull 
edger sample indicated a good correlation between the test results and the 
model predictions both over and under the average lumber thickness.

Figure 13 summarizes the results from the comparative table in Appendix V. 
The graphic representation of the test and model results is a straight line
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Figure 13. VDAE Lab Test Results Versus Top Head Model Predictions.



because only two passes were done. The first pass dressed the lumber at 
1.735 Inch which was almost identical to the average lumber thickness, 
1.73A Inch. At this setting, the average skip was 69.1 percent while the 
model predicted 57.1, an absolute difference of 12 percent. On the second 
pass, only 0.01A inch was removed to dress the top lumber face leaving only
1.2 percent of remaining skip. The very small total sawing variation, 
0.008 inch, explains the shallow depth of cut needed to dress the face.

The VDAE curves seem very different from those of the bull edger, due to 
the small number of points and the very small sawing variation. The X-axis 
extends only on 0.015 inch compared to 0.110 inch for the bull edger 
curves. The two sets of curves might have been similar in shape if we had 
used the same number of points and a much smaller depth of cut for each 
pass. The VDAE curves could be consider as a close-up of the portion of 
the bull edger curve between the X-axis values, 1.69 and 1.71 inch. 
Consequently, the explanations for the difference between the two curves 
will be relatively similar to the ones expressed for the bull edger.

Similar to the bull edger results, the VDAE curves (lines) for the model 
predicted values and the actual test values became closer as the skip 
percentage decreased. Although the overall average bias is -6.3, based on 
2 points only, the model gives a very good estimate under 10 percent skip. 
Again, the distance between the two curves is caused by a combination of 
overestimation of skip percentage, especially for the mid-values, and a 
less accurate prediction of the model. As shown in Figure 1A , the 
overestimation represented by the shaded zone, accounts for a large part of 
the difference. The remaining difference between the visual evaluation 
curve and the model prediction curve is attributed to a less accurate model 
prediction induced by the following factors: operating errors, planer 
accuracy, limit of the measurement method and an abnormal lumber thickness 
distribution.

Table 3 provides the part of the results from the laboratory test as well 
as the normal law model predicted values corresponding to the zone of 
interest. The complete table is presented in Appendix V.

As a bench mark, the depth of cut predicted by the normal law model [6] for 
a skip level of 5 percent was added to Table 3. The predicted depth of cut 
is 0.009 inch, based on the average lumber thickness.

For a total depth of cut of 0.01A inch, the skip area was evaluated at 1.2 
percent while the predicted value was 0.7, an absolute difference of 0.5 
percent. In low skip value region, the model gives very accurate 
predictions. Even with a final skip percentage of 1.2 percent, 6 out of 29 
or 20.7 percent of the sample boards contained skip marks. From those six 
boards, five had 5 percent or less skip and the remaining one had 10 
percent. In all cases, skip was less than 1/16-inch deep and it may not 
have been noticeable if it was not of the remaining traces of lumber 
crayon. According to NLGA provisions quoted, three boards should have been 
downgraded to respect the 10 percent limit. However, normally, only the 
board with 10 percent skip would have been picked out since the skip marks 
on the other boards were less important in length and depth than the 
description of the smallest skip given in paragraph 720E of the NLGA 
Standard Grading Rules.
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Table 3

VDAE Lab Test Results Versus Top Head Model Predictions
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Even with an overall average bias of -6.3 percent, the normal law model is 
very good at predicting required depth of cut under 5 percent skip. 
Therefore, we consider the model validated for this type of sawing 
variation.

5.1.3 Top Slabber

As for the VDAE, planing process started almost at the average lumber 
sample thickness. The testing procedures were similar to the previous 
tests with the exception that for one pass, 0.032 rather than 0.015 inch 
was removed to speed up the testing process. Figure 15 summarizes the 
results from the comparative table in Appendix V.

Again, the results seem different from the two others but, as previously 
discussed for the VDAE, the top slabber results have a different number of 
points. The top slabber curves were drawn using more points than the VDAE 
but less than the bull edger. Therefore, the pattern of the top slabber 
curves is slightly different of the other curves. It constitutes an 
intermediate between the others and it is possible to see the progression 
in terms of 6hape through the sequence of the VDAE, the top slabber and the 
bull edger sets of curves. In fact, the curves of each set could have been 
very similar in shape if we had used the same number of points and a depth 
of cut in relation to each magnitude of sawing variation.

Considering the visual evaluation as the reference, the overall difference 
or bias with the normal law model predictions is -5.A percent and the 
largest absolute distance between the two curves is 8.3 percent. As for the 
other tests, the distance between the two curves becomes smaller under 10 
percent. Based on the average lumber sample thickness, a total of 0.082 
inch of wood was removed during the planing process. At this point, the 
skip area was evaluated at two percent, while the model predicted 0.9 
percent, an absolute difference of 1.1 percent.

Again, as for the VDAE, the visual overestimation of the skip percentage 
accounts for a very important part of the bias as confirmed by the shaded 
zone in Figure 16.

Table A provides the results from the laboratory test as well as the normal 
law predicted values corresponding to the zone of interest. The complete 
table is presented in Appendix V. The depth of cut predicted by the normal 
law model [6] for a skip area of 5 percent was added to Table A as a 
reference point.

As indicated, the top face sawing variation is calculated using St
However, the top face sawing variation for the top slabber had been 
estimated using a different method since the top slabber was manufacturing 
only one face of the lumber. The contribution of this face to the actual 
sawing variation of the lumber sample was segregated. The resulting top 
face sawing variation from this machine (0.03A7 in.) is very similar to the 
total sawing variation of the lumber sample (0.0353 in.) because the 
magnitude of the sawing variation from the top slabber is much larger than 
any other machine center that could have produced the other face of the 
lumber.
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Figure 15. Top Slabber Lab Test Results Versus Top Head Model Predictions
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Top Slabber Lab Test Results Versus Top Head Model Predictions

TOP HBAD PLARIRG (Porintek) TBST RALUBS 
visas! evaluation R0RKAL LAV K0DBL 

predicted values
DIPPBRBRCB 
1R SRIP

HACHIRB RUItBBR BOARD SARIRG SARIRG
c™  op THICR. varia, varia.

BOARD St St/n 
; (in.) (in.) (in.)

SIZB OP AVER. WITH 
CUT SKIP SKIP

(in.) (in.) (X) (X)

DRBSSBD DBPTH TOTAL 
SIZB OP AVBR. 

CUT SRIP
(in.) (in.) (X)

ItODBL
PRBDICTI0R
linus
TBST TALUB8 
(X skip)

TOPSLABBR 15 1.760 0.0353 0.0367 
(# NBASORB) (90) (206) (206) (206) 1.696 0.066 10.7 26.7 

1.678 0.082 2.0 1.696 0.066 3.3 
1.678 0.082 0.9

-7.6
-1.1



Even with a final overall skip level of 2 percent, 4 out of 15 or 26.7 
percent of the sample boards contained some skip. Nevertheless, three out 
of these four had less than 5 percent skip and the other had 15 percent. 
In all cases, the skip was less than 1/16-inch deep and barely noticeable. 
Again, in respect to NLGA provisions, two boards should have been 
downgraded. But, as explained in section 4.1.2, only the board with 15 
percent skip might have been picked out since the severity of the skip 
marks on the other boards, classified as having 5 percent, was less than 
the description of the very light skip according to paragraph 720E of the 
NLGA Standard Grading Rules.

5.1.4 Discussion

At first sight, figures appear different. But if we had used the 6ame 
number of points combined with a depth of cut in relation to the sawing 
variation, they would all have had approximately the same 6hape. This 
observation lead us to conclude that the relationship between the depth of 
cut and the skip percentage is relatively similar for different types of 
sawing variation.

The type of sawing variation depends on the 6awing process as well as the 
nature of the cutting tools. These two parameters will determine the basic 
sawing pattern of each sawing variation type. Even though there is a 
difference among the patterns, the model should predict with the same 
accuracy if the measurement reflects the amplitudes and the characteristics 
of each sawing variation type. However, the measurement method gives a 
good representation of a specific sawing variation if its basic sawing 
pattern remains relatively constant within and between boards. As the 
pattern becomes less coherent, the accuracy of the method decreases unless 
the number of measurements increases. Since the method remains identical 
for all types of sawing variation, there can be some bias induced while 
estimating sawing variation.

Consistent sawing patterns are produced by well engineered and maintained 
machines. Thus the accuracy of the measurement method to evaluate sawing 
variation as well as the model accuracy are influenced by the machine's 
general condition. Therefore, we can conclude that the model works with 
all types of sawing variation but the accuracy of the predicted values may 
vary with the general condition of the machine studied.

5.2 In-Plant Top Head Planing Test

The intent of the mill test was to evaluate the impact of high feedspeed 
planing and the industrial environment (vibrations) on the model and 
determine the operational limits.

This experiment was conducted in a cooperative member sawmill using a 
planer with a six knife top planing head. For the purpose of the test, the 
bottom head was lowered such that no wood would be removed from the bottom 
face of the lumber.

Testing procedures differed slightly from the laboratory test. Lumber was 
dressed according to model predicted thickness for 5 percent skip. Thus,
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only one pass was made. Planer setting could not correspond to the exact 
predicted thickness because older planers do not allow precision setting in 
the order of 0.005 inch. However, settings were realized within a 0.010 
inch range from the predicted value.

Lumber samples were selected on site from the two lines sawmill. Lumber 
was exclusively 2x4 spruce-pine-fir (SPF) ranging from 8 to 16 feet but 
the majority was 16 feet long. Lumber pieces were picked-up at the exit of 
each gang resaw in an attempt to have the representative number of boards 
produced by each saw set. Table 5 provides the number of boards selected 
from each machine center. The two original 50 boards samples were 
subdivided into two groups of sub-samples with 25 boards each.Each group of 
boards was color-coded and each board was numbered on the side. Results are 
presented in the following section.The lumber size study was performed on 
the 50 boards samples, thus the sub-samples within each group possess the 
same average lumber thickness and the same sawing variation.

5.2.1 Bull Edger

The average bull edger lumber thickness was found to be 1.723 inch with a 
total sawing variation (St) of 0.013 inch. According to the Kolmogorov- 
Smirnov statistical test, lumber thickness measurements are not normally 
distributed. The actual distribution as well as its superimposed expected 
normal distribution curve is presented in Appendix VI.

Lumber was dressed and skip was evaluated to be 5.2 percent for a depth of 
cut of 0.021 inch. At this setting, the model predicted 1.0 percent skip. 
Figure 17 shows the model predicted values curve and the single visual skip 
evaluation. Based on this single test, it seems that the model 
underevaluated the skip. As shown in Table 6, the difference, -4.2
percent, is much larger than any lab results near this level of skip. 
However, a single thin board having 50 percent skip accounted for half of 
this difference.

As used in previous sections, the ranking technique allows us to state that 
no overevaluation was done while estimating the skip. Based on Figure 18 
and Appendix VII, we can conclude that the model underestimate skip by 
approximately five percent in the zone of interest of this particular 
sample. This bias can be partially attributed to:

- abnormal thickness distribution, especially in smaller thicknesses;
- the limitation of the lumber thickness and sawing variation measurement 

method;
- planer accuracy;
- operating errors.

Table 6 provides the percentage of pieces affected by skip marks after 
planing. Eventhough the percentage is relatively high, the majority of the 
board, five out of nine, had 5 percent or less, one had 10 percent and 3 
were over 25 percent skip. In all cases, skip marks were less than 1/16- 
inch deep. To respect the 10 percent provision, 6 boards should have been 
downgraded. However, the five boards with less than 5 percent skip should 
not have been spotted out on a sawmill grading line because skip marks were 
barely noticeable if it was not for the remaining traces of lumber crayon.
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Table 5

Lumber Samples for Planer Mill Tests

Boards
Selected

Boards
Retained for testing

Top Planing 
Head

Bottom Planing 
Head

Circular Gang Resaw 
(Bull Edger)

50 25 50

Vertical Double 
Arbor Edger 
(VDAE)

50 25 50
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Table 6. Bull Edger Mill Results Versus Top Head Model Predictions

hJ

_______  (Cooperative saiiill) TEST VALUES 
visual evaluation

NORMAL LAV MODEL 
predicted values

DIFFERENCE 
IN SKIP

AVERAGE TOTAL DRESSED DEPTH TOTAL BOARDS DRESSED DEPTH TOTAL NORMAL LANHACHIME NUMBER BOARD SAWING SIZE OF AVER. KITH SIZE OF AVER. MODELCBMTBR OF THICK. VAR. CUT SKIP SKIP CUT SKIP sinusBOARD St TEST VALUESjin.) (in.) (in.) (in.) (l) (1) (in.) (in.) (1) (1 skip)

BULL EDGER 25 1.723 0.013 1.702 0.021 5.2 36.0 1.702 0.021 1.0 -A.2(# MEASURE) (150) (300) (300)
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We consider that the three boards with more than 25 percent skip should 
have been downgraded to respect NLGA provisions.

5.2.2 Vertical Double Arbor Edger

From Table 7, we find that the average lumber thickness was 1.691 inch with 
the total average sawing variation of 0.006 inch. According to statistical 
test, lumber thickness measurements are not normally distributed. The 
actual distribution as well as a superimposed expected normal distribution 
curve is presented in Appendix VI.

Lumber was dressed by removing 0.017 inch from the top face and skip was 
evaluated at 0.4 percent. At this depth of cut, the model predicted no 
skip. Figure 19 shows the model predicted values curved and the visual 
skip evaluation. Based on this single test, it seems that the model 
slightly underestimated the skip. The difference between the visual 
evaluation and the model predicted value is -0.4. The magnitude of the 
difference is comparable to preceeding results from the lab test.

Again, using the ranking method, it can be stated that no overevaluation 
was made while estimating skip percentage. Also, Figure 20 and Appendix 
VII allows us to conclude that the model underestimated skip by 
approximately three percent in the zone of interest of this specific 
sample. The bias can be attributed to a combination of the factors 
presented in the previous sub-section.

According to Table 7, 16 percent or 4 of the boards presented skip marks 
*fter planing. Host of them had less than 5 percent skip and would not 
have been noticed if it was not for the remaining traces of lumber crayon. 
In fact, none of them should have been downgraded or even considered as 
part of the ten percent allocated under NLGA classification " No.l " 
Structural Light Framing and "Construction" Light Framing.

5.2.3 Discussion

The model tendency to underestimate the skip percentage is also confirmed 
by the planer mill test results. Again, this model Inaccuracy is caused by 
the same combination of factors aforesaid in 5.2.1.

Since the model is based on the normal probability density function, it 
expects a defined number of thin measurements according to the sawing 
variation of the sample. As shown in appendix VI, the observed thickness 
distributions have more small thicknesses than the model would expect. This 
partially explains the model underestimation of skip. Planer accuracy was 
also an important factor. Even though a trial piece was used to obtain the 
actual setting, inaccuracies remained possible because of the condition and 
the age of the planer. Finally, the lumber thickness measurements method 
can underestimate the sawing variation since only six measurements are 
taken at specific points along the edges of the pieces.

Once more, a significant number of boards presented skip marks, but only 3 
out of 50 boards would have been downgraded because of excessive skip. The 
other boards with skip (10) would not have been noticed on a sawmill 
production line because the skip marks were barely perceptible. In fact,



Table 7 VDAE Mill Test Results Ver sus Top Head Model Predictions

TOP READ PLAIIIG (Cooperative imill) TBST TALDBS 
visual evaluation I0RHAL LAV N0DBL 

predicted ralies
DIPPBRBICB 
II SUP

ÀÏBRÂGB TOTAL 
EACHIIB IBEBBR BOARD 9AVIIG 
C8ITBR OP THICI. TAR.

BOARD St
(in.) (in.)

DRBS8BD DBPTH TOTAL BOARDS 
SIZB OP ATBR. WITH 

CUT SUP SUP

(in.) (in.) (I) (l)

DRBSSBD DBPTH TOTAL 
SIZB OP AVBR. 

COT SUP

(in.) (in.) (1)

"ÎÔRÊÂLLÂi"
NODEL
■inis
TBST TALOBS 
(1 skip)

WAB 25 1.691 0.006 
(# RBASÜRB) (150) (300) (300) 1.676 0.017 0.6 16.0 1.676 0.017 0.0 -0.6
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they were so shallow and limited in size that they could have been 
identified as chipped grain.

Statistical tests still indicate once more that the lumber thickness 
distribution was not normal. Despite of this, the model generated good 
predictions especially for very low skip levels. Therefore, it is 
recommended that during the first applications, a maximum skip factor of 1 
percent be used.

As sawmill quality control personnel become familiar with the methodology 
and as the impact of the changes are known and monitored, the skip factor 
can be raised progressively up to 5 percent if the gains generated by the 
fiber savings outvalue the losses in quality and if product consumer 
acceptance is good.

Finally, the difference between the laboratory tests and the field test 
results appear insignificant and therefore we conclude that both series of 
tests supported the validity of the normal law model [6] for the top 
planing head.

5.3 In-Plant Bottom Head Test

The bottom head planing tests were performed at the same cooperative member 
planer mill as the top head tests. Furthermore, the same lumber samples or 
subsamples were utilized since the top head test used only one face.

High and low feedspeed tests were used to verify if feedspeed has an impact 
on planer accuracy. In fact,the intent was to establish if a difference in 
feedspeed will result in a significant difference in skip surface and thus 
affects the model predictions. Low feedspeed corresponds approximately to 
100 feet per minute (fpm) in comparison to 500 fpm for high feedspeed.

Testing procedures remained identical as described in 4.2. But, in an 
attempt to precisely monitor the changes in lumber thickness resulting from 
the bottom face planing process, the top cylinder knives were removed. 
Therefore, the only cut taken was by the bottom planing head.

5.3.1 Bull Edger (low feedspeed)

The untouched face of the lumber utilized in the top planing head test was 
used for the bottom planing test. Even though the top sawing had been 
removed during the previous tests, the bottom face variation remain 
unchanged. Only the average lumber sample thickness has decreased to 1.702 
inch (Appendix VIII). - -

Table 8 provides the results of the planer mill study. Lumber was dressed 
by removing 0.030 inch from the bottom face and the overall average skip 
was evaluated at 1.2 percent assuming no skip marks on the first and last 
foot of lumber pieces.

As previously explained, top head cylinder knives were removed to avoid 
potential confusion when measuring the residual lumber thickness to 
determine the average depth of cut. However, by doing so, it becomes very 
difficult to set the desired height of the pressure shoe to avoid lumber
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Table 8 Bull Edger Mill Test Results Versus
Bottom Head Model Predictions (low feedspeed)

BOTTOM PLAÏIIG HEAD (Cooperative sanill) 
Lot feedspeed

AVERAGE VÎTHÎÎ 
ItACHIIE BOMBER LUMBER 8AVIIG 
CEÏTEÏ OF THICHESS VAR.

BOARD si
(in.) (in.)

BOLL EDGER 25 
(# KEASORE) (150) 1-702 0.009

(300) (300)

TEST ÏALUBS 
»isoal evalaation
DEPTH TOTAL BOARDSOP AVER. IITH
CUT 8IIP SKIP
(in.) (X) (X)

0-030 1.2 12.0

10RKAL LAV MODEL DIFFEREICE
! predicted valses II SKIP
•' DEPTH TOTAL SÔRHAL LAV
! OF AVER. MODEL
•' CUT 8KLP ainss

TBST VALUES
■ (in.) (X) (X skip)

! 0.030 1.6 0.6
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jams and to provide enough pressure on lumber to prevent it from bouncing 
up when the bottom planing head knives cut into wood.

Obviously, the skip on the first and last foot indicates that the pressure 
shoe was not low enough to provide the required pressure to prevent lumber 
from bouncing or to overcome small deformations such as bow. Thus, we 
assumed that unforeseen skip marks within the first and last foot of a 
piece would not happen under normal operating conditions, when lumber is 
being dressed both faces at the same time. Consequently, the model was not 
held accountable for those additional skip marks and they were disregarded 
during visual evaluation when occurring on the first and last foot of the 
pieces.

Based on these assumptions, the skip was evaluated at 1.2 percent of boards 
surface with 12 percent of the pieces showing skip marks. All boards 
affected had less than 15 percent skip surface. According to NLGA grading 
rules, the skip was classified as very light. However, if we had not 
disregarded the skip marks on the ends (last foot), the overall average 
skip would have been 4.0 percent with a proportion of 68 percent of the 
pieces affected.

According to figure 21, the model seems very good in predicting the 
required depth of cut at low skip level. This single test result does not 
provide enough information on the accuracy of the model predictions at 
higher skip levels. However, to remain conservative in the evaluation of 
the model capacity, we assume that the bottom planing head model tends to 
underestimate skip surface as the level increases, as shown in the top 
planing head study.

5.3.2 Vertical Double Arbor Edger (low feedspeed)

Testing procedures were identical and the planer setting remained unchanged 
from the prior test. Table 9 presents the result of the mill test and the 
corresponding predicted value. The comparative table in appendix VIII 
provides the additional predicted values required to plot the curve in 
figure 22. Since the planer settings remain unchanged, the planer pressure 
shoe was not adjusted to the smaller lumber thickness, 1.674 compared to 
1.702 inch. Consequently, lumber pieces were not adequately restrainted 
during planing and the bouncing action produced a shallower depth of cut 
and prevented lumber from being properly dressed. As a result, a high 
occurrence of skip and a large percentage were recorded. All boards 
presented skip marks and for 76 percent of them, the marks were totally or 
partially located on the ends. The total average skip was evaluated at 
8.6%.
Although table 9 results disregard the skip marks on the ends, the 
occurrence and the average surface remained very high, 40.0 and 4.8 percent 
respectively. Four out of ten boards had 5 percent or less skip surface 
and the others had between 15 and 25 percent. To respect the selected NLGA 
standard grading rules, 8 boards should have been downgraded.

We are prompted to think that for this specific test, the compensatory 
measure to reduce the impact of the pressure shoe misadjustment, was not 
sufficient to offset the effects of the enormous gap ( 0.050 In.) between
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Table 9. VDAE Mill Test Results Versus Bottom Head Model
Predictions (low feedspeed)

BOTTOM PLAIIIG HBAD (Cooperative 
Lov feedspeed

sanill) TEST VALUES 
visual evaluation

I0RMAL LAV MODEL 
predicted vaines

DIPFEREICB 
II SIIP

KACHIIE IUK6E1
ATERA6E
LUMBER

«mil
SAHIB

DEPTH
OP

TOTAL
AVER.

BOARDS
WITH

DBPTH
OP

TOTAL
AVER.

lÔMÂLlS"
modelCEITE1 OP

BOARD
THICIIBSS fAl.

St
COT siip SIIP COT SIIP ■inns

TEST TALOBS(in.) (in.) (in.) (X) (X) (in.) (l) (X skip)

TDAB
(# HEASOIE)

25
(150)

1.674
(300)

0.006
(300)

0.025 4.8 40.0 0.025 0.3 -4.5
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the shoe and the lumber pieces. Therefore, the model can not be held 
accountable for the high skip percentage and the high frequency of boards 
with skip marks.

5.3.3 Bull Edger (high feedspeed)

To perform the previous tests, only two sub-samples were needed. Thus the 
average thickness and sawing variation of the untouched sub-sample of each 
group are identical to the values expressed in the comparative table in 
Appendix V.

As for the previous tests, the planer setting and the height of the 
pressure shoe remained unchanged. However, the average depth of cut varied 
again. The lumber sub-sample had an average thickness of 1.723 inch which 
was thicker than the two previous ones. This larger thickness allowed the 
pressure shoe to transfer a higher pressure and provided a better support 
for the lumber pieces. This is reflected by the test results. None of the 
boards presented skip marks. It would appear that the height at the 
pressure shoe was set for a thickness near 1.720 inch.

As opposed to the other results, Table 10 and Figure 23 indicate a positive 
difference between the visual evaluation and the model predicted value. 
However, for such a small difference, 0.8 percent, it is very difficult to 
discern if the cause is the model or another factor. Nevertheless, the 
prediction is very accurate at this skip level.

5.3.A Vertical Double Arbor Edger

Again, the planer setting remained the same but the depth of cut varied 
once more. As shown in Table 11, the average sub-sample thickness was 
1.691 which is slightly smaller than what the pressure shoe had been set 
for. Therefore, it is not surprising to notice skip marks on the ends of 
52 percent of the boards with an overall skip percentage of 2.9. However, 
assuming those skip marks would have been removed if the pressure shoe 
would have been properly adjusted, the skip marks on the last foot the 
pieces were disregarded and the skip factor decreased to 0.2 percent with 
an occurrence on A percent of the pieces.

According to Table 11 and Figure 2A and assuming the adjustment to 
compensate for the pressure shoe misseting are appropriated, test results 
seem to validate the bottom head model by their relative proximity.

5.3.5 Discussion

One of the objective of this chapter was to verify if any significant 
difference in planer accuracy exits between high and low feedspeed. 
However, as explained throughout this chapter, the missetting of the 
pressure 6hoe enabled us to perceive any significant difference.

The misetting of the pressure shoe forced us to adjust data in order to 
represent what should have been the outcome for a normal planing operation. 
Based on the results in Table 12, it appears that the assumptions gave 
acceptable results considering the lumber average thickness and sawing 
variation. We can therefore consider the model relatively accurate at
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Table 10. Bull Edger Mill Test Results Versus Bottom Head
Model Predictions (high feedspeed)

BOTTOM PLAIIIG HEAD (Cooperative sanill) 
High feedspeed TEST FALUES 

vissai evalaation
I0RNAL LAV MODEL 
predicted valses

DIFFBREICE 
II SEIP

AFBËAGE IITHIK 
MACHIIE I0KBER LOKBER 8AVIÏG 

OF THICnESS FAS. 
BOARD Sf 

(in.) (in.)

DEPTB TOTAL BOARDS 
OF AFER. IITH 
COT SEIP SUP

(in.) (X) (X)

DEPTH TOTAL 
OF AVER. 
COT 8IIP

(in.) (X)

I0RÜÀL LAV 
MODEL 
sinus
TEST FALUES 
(X skip)

BOLL EDGER 25 1.723 0.009 
(/ HEASÜRE) (150) (300) (300)

1

0.034 0 0.0 0.034 0.8 0.8
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Table 11 VDAE Mill Test Results Versus Bottom
Head Model Predictions (high feedspeed)

BOTTOM PLAJIIG HEAD (Cooperative 
High feedspeed

satiill) TEST VALDES 
visual evaluation

I0RHAL LAI MODEL 
predicted vaiies

DIFFERENCE 
II SIIP

MACHINE BOMBER
AVERAGE IITHIN DEPTH TOTAL BOARDS DBPTH TOTAL lORMAL LAILUMBER SAVING OF AVER. WITH OF AVER. MODELCENTER OF

BOARD
THICEIESS VAR.

Si
COT 8ÏIP sup COT siip sinus

TEST VALDES(in.) (in.) (in.) (1) (X) (in.) (X) (X skip)

VDAE
(# KEASORE)

25
(150)

1.(91
(300)

0.006
(300)

0.030 0.2 (.0 0.030 0 -0.2
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Table 12. Low and High Feedspeed Test Results (bottom)

BOTTOH PLAIIIG BEAD (Cooperative saraill) TEST VALUES TEST VALUES ÏIPFEEEICE
vissa Ievolution adjusted values

FEEDSPEED HACHIIE AVERAGE DEPTH TOTAL BOARDS TOTAL BOARDS TOTAL BOARDSCEITEE LUBBER OF AVER. IITH AVER. IITH km. IITH
THICIIESS CUT sup 8EIP SUP 8IIP 8I1P StIP
(in.) (in.) (l) (X) (X) (X) (X) (X)

10» BULL EDGEE 1.702 0.030 4.0 68 1.2 12 2.8 56
TDAE 1.674 0.025 8.6 100 4.8 40 3.8 60

BIGH BULL EDGER 1.723 0.034 0.0 0 0.0 0 0 0
VDAE 1.691 0.030 2.9 52 0.2 4 2.7 48
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predicting the depth of cut for a specific level of skip.

The accuracy of the predictions for the top planing head model Increases as 
the selected skip level decreases. Although the limited number of test on 
the bottom head could not show the same trend, it can be expected that the 
model precision will also improve with smaller skip factor.

Operational limits such as planer setting accuracy and lumber shape, prompt 
us to recommend a very low skip factor in the depth of cut calculation. In 
order to prevent excessive occurrence of lumber pieces with skip marks, a 
skip factor of 1 percent should be used to start.

5.4 Optimization

Based on today's market prices, lumber and chips are worth at least 10 
times the value of planer shavings. Indeed, a reduction of planer 
allowances can greatly influence the sawmill financial position since a 
reduction of green target sizes and an increase in product mix value can be 
realized. On the other hand, an excessive target size reduction may leave 
skip marks on lumber faces, downgrading lumber and decreasing market value.

Obviously, there is a point where the balance will generate the maximum 
total net revenue. In fact, it is the depth of cut at which the marginal 
Increase in revenue generated by planer allowance reductions equals the 
marginal losses of revenue created by a lower product value due to skip 
marks.

To find the optimum depth of cut, a great deal of effort and knowledge is 
required by sawmill personnel. This study provides the theory and the 
methodology. Only the sawmill management can achieve the optimum since it 
is a dynamic equilibrium that evolves with the changes in market prices and 
other factors concerned.

The optimum depth of cut is a specific and temporary point that the sawmill 
direction should control. But, before finding out this optimum value, 
there are many intermediate stages. As described above, the optimum 
implies a balance between the marginal gains and losses. However, at the 
beginning of such a program, the interaction between the major variables 
are not well known and the impact of the changes cannot be closely 
monitored. Therefore, it may be easier to begin with a depth of cut that 
will not create any losses in values due to excessive skip marks but that 
will represent an improvement over this existing planer allowances. We 
have called this the "Maximum depth of cut".

5.4.1 Bottom head maximum depth of cut ,

The maximum depth of cut constitutes the starting point of the optimization 
process. At this point, the planer allowance is large enough to avoid any 
significant losses of revenue, because of skip marks, and small enough to 
allow the sawmill an increase in revenue through a reduction in lumber 
green target size and an increase in product value.

The maximum depth of cut is a concept that applies only to the bottom 
planing head since the top head is not adjusted to cut at a specific depth
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on every piece of lumber. The top planing head removes any residual 
thickness in excess of the marketed size. It does not mean, however, that 
the top planing head allowance cannot be monitored and controlled, as 
further explained in this section.

The maximum depth of cut is estimated using the overall sawmill sawing 
variation and the bottom planing head model [4]. Basically, the 
calculations are similar as those explained for equation [4], but the 
estimation of within sawing variation Sw is slightly different.

Until now, the sawing variation of each machine has been treated 
individually to ensure the models respond identically to the different 
types of sawing variation. Nevertheless, to obtain an exact representation 
of the sawmill overall lumber production and its sawing variation, we must 
weight the different sawing variations using the lumber production 
percentage of each machine center.

The estimation of the overall sawmill S can be either done by:

- taking a complete random lumber sample that would represent the 
sawmill total production for this specific thickness or by

- taking a semi-controlled lumber sample from each machine center and 
weighing each of them by their respective production percentage.

The second procedure appears more suited since it offers more control and 
ensures no major bias eventhough the lumber sample is relatively small. 
Furthermore, the data should be readily available from the Lumber Size 
Quality Program performed at each machine center.

The weighing process is relatively simple once the production percentage of 
each machine for the product studied is known. Weighing has to be done 
using the sawing variances S2W but not the sawing variation Sw«

The general formula is:

( S2wi x Pi ) [7]

where: S = Overall sawmill within sawing variation
S2W= Within sawing variation of a machine center 
P = Production percentage related to a machine 
i = Machine index

The overall within sawing variation for the selected Northwest Quebec 
sawmill is given as an example. In this mill, three machines were
producing 100 percent of the 2x4's thickness. The within sawing variance 
and the production percentage for each machine are reported in Table 13. 
According to the general formula [7], the overall within sawing variation 
is 0.011 inch. Using the model [6], the bottom head planer allowance 
should be 0.041 inch for a skip level of one percent.

It should be remained that the top slabber was sawing only one face of the
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Table 13. Selected Sawmill Overall Sawing Variation

MACHINE
« ™ Ï ~ B0AED p r o d u c t i o n - o v e r a l l  s a w m i l l
“ Ï ' ,CJ , PERCENTAGE WITHIN SAWING 
\ARIANCE(S w ) OF 2 X 4 VARIATION (Sw)
( inch/1000 ) ( % ) (inch)

BULL EDGER 0.2060 45
1

VERTICAL DOUBLE 
ARBOR EDGER

1
0.065 6 5 3  0 - 0 n

1

TOP SLABBER
l

0.1000 2
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lumber, the other being sawn by the twin band or one of the two circular 
gang resaws. The sawing variation generated by the top slabber was much 
more Important than others, thus, we assumed that this face would be 
dressed by the top head. The sawing variation of the other face was 
segregated and estimated at 0.010 inch. This explains the top slabber 
sawing variance of 0.0001 inch in Table 13.

5.4.2 Top Head Maximum Depth of Cut

Contrarily to the bottom head, the top planing head has many different 
allowances. In fact, there should be one specific depth of cut per machine 
center. Since the distance between the top head and the bed plate is fixed 
at 1 1/2 and 1 9/16-inch for dry and green lumber respectively, the top 
head allowances have to be adjusted through the green target sizes.

It is a very simple process. The green target size of each machine is 
determined by adding the top and bottom head allowances, according to the 
models, to the lumber marketed size. As example, the green target sizes 
for the selected mill machines are calculated, assuming the mill is 
producing only green lumber. Based on data available from previous
sections, green target sizes are presented in Table 14.

If fully implemented, the maximum planer allowances could contribute to 
reduce the green lumber target sizes by as much as 0.100 inch, on average, 
assuming all lumber is sold NLGA green. This figure represents a potential 
for one product only. There are, of course, many other parameters to study 
before implementing any changes in green target sizes. A few of them are:

. sawing variation of the other products having the same nominal 
thickness, ex.: 2x3, 2x6, ...

. sawing variation of kiln dried lumber versus green lumber 

. seasons

. machine general condition.

Since the thickness of all two-inch lumber is sawn by only one or two 
machines, a change in target size will affect all products with similar 
nominal thicknesses. Unfortunately, sawing variation tends to increase 
slightly as the width of lumber. In other word, 2x6's are likely to show a 
larger sawing variation than 2x4's although both are sawn by the same set 
of saws. Consequently, the sawing variation of all products should be 
known to ensure that the target size reductions would not create excessive 
skip on certain product.

If a sawmill dries part of its production, a lumber size study should be 
performed to ensure that the changes in thickness and may be in sawing 
variation cause by the drying process do not induce skip mark.

Seasons can have a great influence on green target sizes. Obviously, warm 
weather can initiate shrinkage. However, NLGA standards require green 
lumber to be dressed 1/16 inch thicker than dry lumber. Basically, this 
constitutes an allowance for shrinkage. Thus, no additional shrinkage
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Table 14
Selected Sawmill Predicted Green Target Sizes for Green Lumber

HACHIIB PREDICTED
PLAIBI HEAD DBPTH OF CUT 

( 1 X SKIP ) 
BOTTOM TOP 
( inch ) ( inch )

KARKETBD 
GREEK LUMBER 

SIZE
( inch )

PREDICTED 
LUMBER TARGET 

SIZE 
( inch )

TARGET SIZE 
AFERAGE 
REDUCTIOI 
( inch )

BULL BDGBR 0.041 0.046 1.563 1.650

FESTICAL DOUBLE 
A1B0S EDGES

0.041 0.013 1.563 1.617 -- 0.105

TOP SLABBEI 0.041 0.057 1.563 1.661
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allowance should be given. It may not be obvious, but winter can also 
force an increase of green target sizes through deeper bottom head cut. 
Indeed, exposed bundles can accumulate ice and/or snow on lumber surface. 
Any amount of ice or snow between the lumber face and the bed plate will 
literally lift the lumber and prevent the bottom face from being properly 
dressed. v r J

During the sawmill evolution, machines general conditions probably made the 
greatest difference between a breakeven and a profitable operation. While 
considerable amounts of money are spent on headrigs and other machines, 
planer operators struggle with older planers and worn bedplates. At a 
certain point in the endless quest for higher return investments, planers 
must be considered. The first step in an optimized depth of cut program is 
a p aner in good working condition, allowing precision setting with an 
accuracy of +0.001 inch.

5.4.3 Case Study

The benefits of adjusting planer depth of cuts can be estimated in many 
ways. To provide an objective estimation, the benefits from two scenarios 
have been calculated. The wood fiber saved through the reduction of the 
green target sizes was considered as if it was;

1- completely converted into chips
2- half in lumber and half in chips

The first option was investigated in an attempt to remain extremely 
conservative. Indeed, it constitutes the less valuable option and it 
provides a bench mark for industry to evaluate the potential of the 
concept. The other option is more realistic in terms of how the extra fiber 
would be converted into product. It remains also a conservative estimate 
according to Williston (18), which stated that 60 percent of a sawdust 
reduction will be in the form of lumber and 40 percent in the form of 
chips. Sawdust reduction or planer shavings reduction, are no different as 
long as they both contribute to decrease green target sizes. Those two
options help to visualize the progression of the revenues depending on the 
product mix.

The sawmill selected for the case study is a Spruce-Pine-Fir (SPF) stud 
mill, drying a part of its production. The target sizes given in Table 14 
considered that the entire production was sold green. To compensate for 
the shrinkage occurring in the drying process, new green target sizes have 
been calculated assuming that the green.sawing variation will not increase 
nor decrease on dry lumber. Table 15 presents the new green target sizes 
for dry lumber.

The planer allowance is the total of the top and bottom depth of cut from 
Table 14. The shrinkage factor corresponds to the highest tangential 
shrinkage from green wood to 12 percent moisture content, for the eastern 
Canadian species covered under SPF provision (NLGA), according to Cech and 
Pfaff (3). The potential average target size reduction is a weighed 
average of the difference between the actual and the recommended green 
target sizes.
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Table 15
Selected Smmill Predicted Green Target Sires for Dry Lumber

KACHIIE PREDICTED 
PLAIES 

ALLOIAICES 
( inch )

PIARIETBD
DRY LUMBER 

SIZE 
( inch )

PREDICTED 
TARGET 8IZBS 
ALLOVIIG 

♦ .H SHRIIÏAGE 
( inch )

CURREVT 
TARGET SIZES

( inch )

PR0DDCTI0I 
PERCEITAGE 
OF 2 I *
( X )

TARGET SIZE 
AVERAGE 
RED0CTI0I 
( inch )

BOLL EDGES 0.087 1.500 1.665 1.7*2 *5 l
TEETICAL DOUBLE 
A8B0S EDGES

0.054 1.500 1.631 1.73* 53
1
t

!-- 0.09!
1
1

TOP SLABBER 0.098 1.500 1.677 1.760 2
1
1



The sawmill produces approximately 75 million board feet per year from 
which 45 percent is 2x4 lumber. Based on calculations in Appendix X, the 
sawmill should experience an increase in gross chip revenue of about 
$147,000 per year for an average target size reduction of 0.091 inch and a 
chip price of $100 per oven dried metric tonnes. This gross revenue is 
generated by a full reduction of target size for 2x4 lumber production 
only.

As noted previously, a reduction in target size is likely to affect almost 
all the production of this type of sawmill. Considering that 100 percent 
of the lumber production will have its target size decreased by only half 
(0.045 inch) of the predicted reduction, the potential savings become even 
more important. The annual gross chip revenue would be about $167,000.

The second scenario also considered a reduction of 0.091 inch on the 2x4 
lumber production which represents 45 percent of the sawmill production. 
All assumptions were identicals to the ones used for the first scenario but 
the average lumber price was $200 per MBM. According to calculation in 
Appendix X, the sawmill should experience a total increase in both, chip 
and lumber gross revenue of about $260,000 per year. Again, supposing that 
all the production will be affected by target size changes and assuming 
that the average reduction cannot be more than 0.045 inch, the total gross 
revenue becomes $295,000 which is even more impressive. These numbers 
account for recovery alone. Add production increases due to a reduction 
of downtimes resulting from a better maintenance and higher quality lumber 
to these figures and the potential savings are magnified.

Based on this case study, it is possible to develop simple and practical 
conversion factor that will enable sawmill management to approximate 
benefits of a target size reduction. A conservative factor to assess the 
gross potential savings, assuming that all wood fiber saved is converted 
into chips, is $0.40 per MBM for each reduction of 0.010 inch. The other 
rule of thumb corresponds to scenario two, where the fiber saved is 
converted equally in lumber and chips. Every reduction of 0.010 inch in 
target size equals potential saving of $0.80 per MBM.

Those two factors are conservative estimates and allow some variation 6uch 
as lower lumber and chip prices or lower wood density. Indeed, they are 20 
percent lower than the rule of thumb published by H. Reid Smith (11).

5.4.4 Optimized Depth of Cut Program

One must understand that an optimized depth of cut program has to be a 
continuous process supported by a preventive maintenance program. Once the 
proram has been implemented, the prescribed target sizes do not allow much 
room for missettings or machine misfunction. The machines have to be kept 
in identical or better working condition in term of sawing variation.

The direct costs of implementing such program are relatively low but the 
indirect costs appear more important. The figures generated in the case 
study were presented as gross revenues. Only the additional lumber and 
chips recovery was estimated. It expected that the direct and indirect 
implementation costs will not affect the magnitude of the figures since no 
financial assessment for a production and lumber quality increase was made.
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Furthermore, the average target size reduction corresponds to the maximum 
depth of cut and not to the optimized value which would generate more 
profits.

As mentioned in section 4.3, the lumber face with the worst sawing 
variation should be dressed by the top planing head (face up). In 
addition, to achieve the best lumber quality possible, a face having low 
sawing variation but wane on the edge should be dressed by the planing head 
that is the most likely to perform the deepest cut. According to results 
in Tables 13 and 14, this type of face should have been dressed by the 
bottom head since in 53 percent of the cases, it should remove more wood 
than the top head. These decisions have to be taken by Quality Control 
personals, based on the calculations performed, and communicated to the 
operator of the planer infeed deck.

Basically, an optimized depth of cut program can be outlined in the 
following steps:

• implementation of a Lumber Size Program to assess the actual green 
target sizes and the sawing variation of each machine;

• calculation of the depth of cut for the top and bottom planer head 
using 1 percent or less as skip factor;

• provide planer operator with adequate machine tools and knowledge to 
perform precise work;

• reduction of the green target sizes by half the recommended values;

. monitor the increase in lumber and chips recovery and changes in
lumber quality distribution and estimate their value;

• continue the process until no net profits can be realized through 
target size reduction.

6.0 CONCLUSION AND RECOMMENDATIONS

The traditional way of adjusting the planer depth of cuts by trial and 
error on the few first boards to be processed or the other common practice 
of removing 1/16-inch from the bottom face and the rest from the top lumber 
face results in a tremendous loss in lumber and chips recovery and product 
value.

The study demonstrated that depending upon the sawing variation, it is 
possible to properly dress lumber by removing as little as 0.015 inch from 
each face. Furthermore, from the five lumber samples selected at different 
machines located in two independent sawmill, three were dressed by removing 
0*030 inch or less from each face.

To measure the performance of the models, two parameters were monitored; 
the total average skip surface and the number of boards affected by skip 
marks. The actual skip surface was very close to the expected percentage, 
especially at low skip levels. This proved the models to be very accurates 
in predicting the required depth of cut at low skip percentage. The
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proportion of boards affected by skip marks appears relatively high in a 
number of tests. Very often the skip was barely noticeable because the 
marks were very shallows and limited in size. In many cases, they would not 
have been identified if it was not for the remaining traces of lumber 
crayon.

In regards to NLGA classification system and the grades commonly utilized 
by eastern Canadian sawmill industry, the toughest restriction concerning 
skip is for the "Construction" light framing and "No.l" structural light 
framing. Both grades allow a maximum of 10 percent of the boards with skip. 
However, the present market practice to sell mixed grades such as "No.2 and 
Better" provides much more flexibility in terms of skip since the 
restrictions for "No.2" grade are less severe.

The whole concept of the optimized depth of cut is to find the depth at 
which the value of the fiber saved versus the cost of the program and the 
losses in quality will generate the maximum profit. In the early stage of 
the optimization program, it is recommended to use a skip factor of 1 
percent or less. At this point, there is no optimization since the quality 
of the lumber should not be affected. In fact, only the unnecessary 
allowances are decreased. The case study shows, at this stage of the 
program, that only half (0.045 in.) of the recommended reduction could 
improve the annual gross revenue of the selected sawmill by $0.80 per MBM 
for each reduction of 0.010 inch. In other words, this sawmill producing 
75 MMBM per year, should experience an increase in lumber and chips revenue 
of $295,000 annually.

The optimized depth of cut concept allows the calculation of the green 
target size of each machine based on their own sawing variation. However, 
target sizes remain interelated through the bottom planing head allowance. 
Only a planer with a variable reference system (self-centering or self- 
adjusting system) would allow complete independence of each machine, 
representing therefore the absolute optimization system.

Finally, this concept is also applicable for lumber width using the exact 
same procedures. Although the theorical impact on the width appears less 
important than on the thickness, the practical application could well be 
very surprising and lucrative.
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APPENDIX I

VALUES OF STUDENT t-DISTRIBUTION FOR AN INFINITE NUMBER OF DEGREE OF FREEDOM



VALUES OF STUDENT t-DISTRIBUTION FOR AN INFINITE NUMBER OF DEGREE OF FREEDOM

Allowable 
Percentage of Skip

oo

1 0
9
8
7
6
5
4
3
2
1
0.5
0.1

Top Planing 
Head Model

(one-sided tolerance) 
t-factor

1.282 
1.341 
1.405 
1.476 
1.555 
1.645 
1.751 
1 .882 
2.054 
2.326 
2.576 
3.100

Bottom Planing 
Head Model

(two-sided tolerance) 
t-factor

1.645 
1.696 
1.751 
1.811 
1.882 
1.960 
2.054 
2.170 
2.326 
2.576 
2.810 
3.300

The values in this table were obtained or intrapolated from J.B.
Kennedy & A.M. Neville, Basic Statistical Method for Engineers and 
Scientists.
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EXEMPLE OF THICKNESS RANKING TECHNIQUE



EXAMPLE OF RANKING TECHNIQUE

THICKNESS RANKING TECHNIQUE 

MACHINE CENTER: BULL EDGER

RANKING MEASUREMENTS PERCENT

1 1.655
2 1.658
3 1.658
4 1.683
5 1.690
6 1.695
7 1.695
8 1.698
9 1.698

10 1.698
11 1.699
12 1.699
13 1.699
14 1.701
15 1.702
16 1.703
17 1.705

— 5 % corresponding value

290
291
292
293
294
295
296
297
298
299
300

•

1.809
1.809
1.814
1.814 
1.816 
1.820 
1.820 
1.821 
1.828
1.841
1.841

99 % corresponding value

100 % corresponding value

Average thickness: 1.742 inch
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APPENDIX III

LUMBER SIZE RESULTS FOR LABORATORY TEST SAMPLES



LUMBER SIZE RESULTS FOR LAB TEST SAMPLES

LUKBBR SIZB STUDY RBSULTS 

TOP HEAD PLAIIIG (Forintek)

KACEIIE
CBITER

IDPfBER
OF

BOARD

IUKBER
OP

BEASUREKEITS

AYERAGE
BOARD
THICK.
(in.)

TOTAL
SAVIRG

VARIAT10I
(in.)

KITHII
SAVIRG

YARIATIOR
(in.)

BETVEEI
SAVIRG
YARIATIOR
(in.)

BULL EDGBR 50 300 1.742 0.028 0.014 0.060

YD AS 29 300 1.734 0.008 0.008 0.009

TOPSLABER 15 300 1.760 0.0353 0.029 0.057
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APPENDIX IV

ACTUAL AND EXPECTED LUMBER THICKNESS DISTRIBUTION CURVES
FOR LAB TEST SAMPLES
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APPENDIX V

COMPARATIVE RESULTS TABLE FOR LAB TEST SAMPLES



COMPARATIVE RESULTS TABLE FOR LAB TESTS

TOP READ PLAflfG (Porintek) TBST TALUBS 
visual evaluation MIIIIG TBCHRIQUB RORHAL LAI HODBL

RACHIIB
CBITBR

IURBBR
OP
BOARD

AIBRAGB TOTAL 
BOARD SAIII6 
THICK. TAR.

St
(in.) (in.)

TOPPACB
SAVIRG
TAR.
st/rr
(in.)

DRBSSBD DBPTH 
SIZB OP 

CUT

(in.) (in.)

TOTAL
ATBR.
SIIP

(X)

BOARDS
WITH
SKIP

(X)

drbssbdI bpth”
SIZB OP 

CUT

(in.) (in.)

TOTAL
ATBR.
SKIP

(X)

DRBSSBD DBPTH 
SIZE OP 

CUT

(in.) (in.)

TOTAL
ATBR.
SKIP

(X)

1.B00 97.9 1.797 96.3 1.797 99.71.785 95.9 1.786 95.3 1.786 98.71.770 91.0 1.770 89.0 1.770 92.1
BULL BDGBR 
(# RBASURB)

50
(300)

1.7*2
(300)

0.028
(300)

0.020
(300)

1.755
1.7*0
1.723

0.002
0.017

76.8
57.1
30.5

1.755
1.7*0
1.725

0.002
0.017

7*. 0 
53.0 
26.3

1.755
1.7*0
1.725

0.002
0.017

7*.5 
*6.0 
19.51.708 0.03* 7.2 1.708 0.03* 7.7 1.708 0.03* *.31.695 0.0*7 2.6 12.0 1.695 0.0*7 2.3 1.695 0.0*7 0.9

TDAB
(1 RBASURB)

29
(IT*)

1.73*
(330)

0.00B
(330)

0.006
(330)

1.735
1.720 0.01*

69.1
1.2 20.7

1.735
1.720 0.01*

53.6
*.2

1.735
1.720 0.01*

57.1
0.7

1.759 0.001 56.3 1.759 0.001 *2.* 1.759 30.0
TOPSLABBI 
(» RBASURB)

13
(90)

1.760
(20*)

0.0353
(20*)

0.03*7
(20*)

1.7**
1.729
1.696

0.016
0.031
0.06*

36.3
27.0
10.7

1.7**
1.729
1.696

0.016
0.031
0.06*

29.*
19.1
5.*

1.7**
1.729
1.696

0.016
0.031
0.06*

32.3 
10.7
3.31.678 0.082 2.0 26.7 1.678 0.082 3.* 1.678 0.082 0.9

ATHAGI
BIAIS

"rofit
PHD I Cf 1018 
■ion
TB8T TALUBS
(I skip)

-2.8

- 6 . 3

- 5 . A



APPENDIX VI

ACTUAL AND EXPECTED LUMBER THICKNESS DISTRIBUTION CURVES 
FOR PLANER MILL TEST SAMPLES
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COMPARATIVE RESULTS TABLE FOR TOP HEAD MILL TESTS



VII

COMPARATIVE RESULTS TABLE FOR TOP HEAD MILL TESTS

TOP HBAD PLAIIIG (Cooperative savai11) TBST VALUBS
visual evaluation

RAIÏIIC TBCHIIQOB I0BHAL LA» HODBL

HACHIIB
CBITBR

IUHBBR
OP
BOARD

AVBRAGB
BOARD
THICI.

SAVING
VAR.

St

SIZB OP
CUT

AVBR.
SIIP

BOARDS
VITH
SIIP

DRBSSED
SIZB

DBPTH
OP
CUT

TOTAL
AVER.
SIIP

DRBSSBD
SIZB

DBPTH
OP
CUT

TOTAL
AVER.
SIIP

(in.) (in.) (in.) (in.) (X) (X) (in.) (in.) (X) (in.) (in.) (X)

BULL BDGB1 
(« HBASURB)

TDAB
(I HBASURB)

25
(150)

25
(150)

1.723 0.013 1.702
(300) (300)

1.(91 0.006 1.(76
(300) (300)

0.021 5.2 36.0

0.017 0.6 16.0

1.723 0.000 68.0
1.718 0.005 33.7
1.715 0.008 26.0
1.711 0.012 17.3
1.708 0.015 11.3
1.706 0.017 8.7
1.702 0.021 6.0

1.691 0.000 68.0
1.689 0.002 33.7
1.687 0.006 21.0
1.686 0.005 17.7
1.(86 0.007 10.0
1.683 0.008 7.7
1.68! 0.010 6.3
1.679 0.012 3.5
1.676 0.017 1.3

1.723 0.000 50.0
1.718 0.005 30.0
1.715 0.008 20.0
1.711 0.012 10.0
1.708 0.015 5.0
1.706 0.017 3.0
1.702 0.021 1.0

1.691 0.000 50.0
1.689 0.002 30.0
1.687 0.006 20.0
1.686 0.005 10.0
1.686 0.007 5.0
1.683 0.008 3.0
1.681 0.010 1.0
1.679 0.012 0.3
1.(76 0.017 0.0

AVBRAGB BIAS

RÂiïîÏG ÎÔRHÂL'LÂi" 
TBCHIIQUB HODBL
■inus ainut
TBST VALUBS TBST VALUBS 
(l skip) (1 skip)

- 6.6

- 6.2

-6.7

-0.6



COMPARATIVE RESULTS TABLE FOR BOTTOM HEAD MILL TESTS
(low feedspeed)
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COMPARATIVE RESULTS TABLE FOR BOTTOM HEAD MILL TESTS
(low feedspeed)

BOTTOM PLAIIIG HEAD (Cooperative 
Lo* feedspeed

sanill) TEST TALUES 
visual evaI nation

HACHIIE IUMBER AVERAGE ■ÎTHII DEPTH TOTAL BOARDSCBITER OP LOMBER 8AIIIG OF ITER. IITH
BOARD THICIIESS TAR. CUT SUP SUP

St

___ _ _
(in.) (in.) (in.) (X) (X)

BULL BDGER 
(# MEASURE)

25
(150)

1.702
(300)

0.009
(300)

0.030 1 . 2 12 . 0

Wtà 25 1.674 0.006
(# MEASURE) (150) (300) (300)

0.025 4.8 40.0

I0IMAL LAI MODEL

DBPTH TOTAL I0RÜÀL LAI
OP ATER. MODEL
CUT SUP ■ions

TEST TALUBS
(in.) (X) (X skip)

0.009 50.0
0.013 30.0
0.016 20.0
0.021 10.0
0.025 5.0
0.028 3.0
0.030 1.8 0.6
0.033 1.0

0.006 50.0
0.009 30.0
0.011 20.0
0.014 10.0
0.017 5.0
0.018 3.0
0.022 1.0
0.025 0.3 -4.5
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COMPARATIVE RESULTS TABLE FOR BOTTOM HEAD MILL TESTS
(high feedspeed)

BOTTOH PLAIIIG HEAD (Cooperative sanill) TEST VALUES I0RKAL LA» MODEL
Hifh feedspeed tissai eialsation

HACHIIE ÏÜHBÊR "ÂŸÊRAGE ÎÎTHÏï
MITEE OP LUMBER MIIIG

BOARD THICÏIESS VAR.
Si

(in.) (in.)

BOLL EDGER 25 1.723 0.009
(# MEASORE) (150) (300) (300)

.TDAE 25 1.691 0.006
(# MEASORE) (150) (300) (300)

DEPTH TOTAL BOARDS DBPTB TOTAL
OF AVER. WITH OF AVER.
CDT SEIP SUP COT 8IIP

(>■•) (X) (X)

0.034 0 0.0

0.030 0.2 4.0

(in.) (X)

9.009 50.0 
0.013 30.0 
0.016 20.0 
0.021 10.0 
0.025 5.0 
0.028 3.0 
0.033 1.0 
0.034 0.8

0.006 50.0 
0.009 30.0 
0.011 20.0 
0.014 10.0 
0.017 5.0 
0.018 3.0 
0 . 0 2 2 1. 0 
0.026 0.2 
0.030 0.0

I0RMAL LAV 
MODEL 
■ions
TBST VALUES
(X skip)

0.8

- 0.2

IX
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BENEFITS OF ADJUSTING PLANER DEPTH OF CUTS

SAWMILL GENERAL INFORMATION

« 1987 Lumber Production (approx.) 75 MMBM 
• 45% of production is 2x4
. Species ratio assumed as 70 Black Spruce and 30 Jack Pine 
. Weighted average wood density 25.8 O.D. lb/cu.ft. green 
. Average log length 8'3"
. Average lumber width 3.8" for 4" nominal

POTENTIAL WOOD FIBER SAVING

Assuming a target size reduction of 0.091",

volume: 0.091 in. x 3.8 in. x 8.25 ft = 0.01981 ft*
144 in3/ftJ

The potential wood fiber saving is 0.01981 ft3 per 2x4 or 3.7144 ft3 per 
MBM.

Scenario //l - 100% Chips
. chips weight: 3.7144 ft3/MBM x 25.8 O.D. lb/ft3 x 75000 MBM x .45 (% 2x4)

2200 lb/tonne

. chips weight: 1470 O.D. tonnes for 2x4 production 

. gross revenue: 1470 O.D.T. x $100/tonne = $147,000

Scenario #2 - 50% Chips + 50% Lumber 

• Chips Gross Revenue:

50% x $147,000 = $74.000

. Lumber Gross Revenue

- average 2x4 volume

1.650 in. x 3.8 in. x 8.25 ft 0.3592 ft3/piece 
144 in3/ft3

- potential wood fiber savings (100% volume)

3.7144 ft3 /MBM x 75000 MBM x .45 ■= 125,370 ft3

- potential nominal volume of 2x4's (50% of fiber savings)

50% x 125,370 ft3 x 5.33 BM/piece : 930 MBM 
0.3592 ft3/piece

X



- lumber gross revenue

930 MBM x $200/MBM - $186 .000 

• Total Gross Revenue - 50% Chips + 50% Lumber 

$74,000 (chips) + $186,000 (lumber) ■= $260.000


