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Summary 
The tests within the scope of this project assessed the efficiency of manually operated carriage, edging 
and trimming work stations. Simulations also demonstrated how optimization equipment used to evaluate 
the shape of logs or lumber affected the efficiency of these work centres. 
 
Our evaluation of manually operated workstations revealed a high error rate at the log carriage as well as 
at edging and trimming stations. Operator performance varies greatly and operators generally tend to 
focus on volume, at the expense of value. For a sawmill with an annual production of 10 MMfbm, a 
complete elimination of these errors could generate additional income in the range of $200,000 for the log 
carriage, and $500,000 to $700,000 for the edging and trimming stations.  
 
Most of the losses occurring at the carriage could be avoided by installing a 3-D optimization system, 
which would result in a payback period of less than two years. Moreover, these calculations do not 
include any increases in productivity that such a system would also provide.  
 
However, this is not the case for optimization of the trimming and edging stations. Given that current 
technology cannot yet identify appearance defects, only some of the current losses could be avoided if 
these stations were optimized. Our results show that edging and trimming stations optimized solely for 
wane could yield returns on investment in the order of 25.3% and 2.3%, respectively. For a 10 MMfbm 
sawmill, these percentages correspond to $126,000 in additional income for the edging station, but only 
$15,400 in additional income for the trimming station.  
 
The operator’s ability to step in and change the optimizer solution was not taken into consideration in 
evaluating the samples. Therefore, the additional income generated by optimizing the edging and 
trimming stations must lie somewhere between the income generated by optimizing solely for wane and 
that generated by optimizing for all defects. However, there is less interest in optimizing secondary 
breakdown stations because of high equipment purchase and installation costs (up to $800,000). In this 
context, only edging stations requiring increased productivity would benefit from this technology, which 
can operate at speeds greater than 25 boards per minute.  
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1 Mandate 
The aim of this research project is to summarize the latest developments in optimization technology for 
the hardwood lumber industry. More precisely, this project aims to report on the latest scanning and 
optimization options available to the hardwood sawmilling industry and to comment on their potential 
application in Eastern Canadian sawmills.  
 
 

2 Objectives 
This project consists in identifying softwood sawmill optimization systems that have potential 
applications for the hardwood lumber industry.  More specifically, the objectives are:  
 
• To compare the performance of manually operated versus optimized systems at various workstations; 
• To quantify the impact of optimization on yield in terms of volume and value, and on the productivity 

of various stations; and 
• To identify the stations that would benefit most from existing optimization systems. 
 
 

3 Staff 
Yves Lévesque Manager, Lumber Manufacturing 
Yvon Corneau Group Leader, Lumber Manufacturing 
Jean McDonald Project Leader, Sawmill Process 
Yves Giroux Technologist, Sawmill Process 
 
 

4 Introduction 
Over the past ten years, hardwood sawmills in Quebec have had to rely on lower quality logs, which in 
turn has reduced their ability to produce higher value lumber. Consequently, traditional sawmilling 
processes are no longer cost effective: to be profitable, mills must process lower quality logs faster while 
maximizing volume and value recovery, hence the need for new, more sophisticated equipment that is 
better suited for dealing with this resource. 
 
In contrast to the majority of softwood sawmills, hardwood sawmills have not yet implemented the 
technological upgrades needed to ensure their survival. Most of these sawmills operate with twenty-year-
old technology. All their processes are manually operated and decision-making is not automated, resulting 
in much lower efficiency than found in sawmills with optimized systems. Forintek’s latest hardwood 
sawmill studies describe these shortfalls and demonstrate that the efficiency at the various workstations 
could be substantially improved, thereby increasing the profitability of these operations. 
 
Over the past few years, advances in optimization have prompted the commercial development of new 
equipment for the hardwood lumber industry. Such equipment may not always be able to detect 
appearance defects in wood, but it can generate appreciable increases in productivity, volume and value 
recovery. This equipment operates by scanning a log or board to generate precise size and shape data for 
the optimization system to consider. Next, an operator takes quality into account by inputting his or her 
own assessment into the optimizer, which then generates the best sawing pattern. 
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Some hardwood sawmills have already adopted these systems and have seen very encouraging results. 
They report gains of between 12% and 20% with the installation of an optimized edger for hardwood 
applications. This could represent an increase in total product value of approximately 5%, since only 25% 
to 50% of hardwood sawmill products are edged. A similar 5% gain in lumber recovery was noted after 
the installation of a scanner to position logs more effectively on the carriage. An increase in general 
productivity was also noted, thereby reducing the sawmill’s production costs. The scale of these potential 
gains prompted Forintek to design a research project to pinpoint the reasons for these gains, since they 
often occur during a mill-wide modernization program. 
 

5 Methodology 
Initially, we planned on conducting mill tests on the various manually operated processing centres and 
also on other centres equipped with optimization systems. We would have compared manually operated 
systems against optimized systems to quantify the gains achieved when the stations studied were 
optimized. However, the limited number of hardwood sawmills equipped with optimization systems and 
the refusal of some managers to have us conduct tests on this equipment forced us to modify our 
approach.  
 
Therefore, we decided to stick to our original approach to assess the various manually operated 
production centres and simulate the decisions an optimizer would have taken, excluding any operator 
input.  
 
5.1 Carriage station 

A team from Forintek visited two hardwood sawmills to determine the time spent on specific log 
breakdown stages at the carriage work station and to quantify the potential gains of optimizing the 
opening face.  
 
The first sawmill produced approximately 35 Mfbm per nine-hour shift on two production lines. Smaller 
diameter logs that were longer than 12 feet were cut on a double cut band headrig with dial indicator 
setworks. The primary breakdown involved squaring the log on two to four faces and sending the cant to 
a vertical band resaw. A second production line processed larger diameter logs measuring less than 13 
feet in length on a carriage equipped with a double-cut band saw, digital setworks, and integrated log-
turner. The logs were completely broken down on the carriage since there was no direct link to the resaw. 
Most of the sawmill’s output was produced according to NHLA grades. The species processed during 
these tests were sugar maple and red maple. 
 
The second sawmill produced nearly 22 Mfbm in a 9-hour shift with only one production line. A carriage 
equipped with a double-cut bandsaw, digital setworks and an integrated log-turner sawed the logs on two 
to four faces before sending the cant to a vertical band resaw. This sawmill’s production met NHLA 
grades. Yellow birch was the species processed during our tests.  
 
5.1.1 Time and motion studies 

A time and motion study was conducted for each carriage to determine the time spent at various 
breakdown stages. The tests lasted between 30 and 75 minutes per carriage. The primary breakdown 
operation was divided into six stages as follows: loading and initial positioning; turning and secondary 
positioning; back-and-forth sawing; back-and-forth carriage travel without sawing; shim sawing; and 
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unloading and carriage return to reload. Every 12 seconds, a member of the Forintek staff recorded the 
saw operator’s movements during the carriage operation. An analysis of these observations allowed us to 
quantify the time spent on each stage. The average length of the logs and the top diameter were recorded, 
along with the overall sawing time and the number of cuts per log.  
 
5.1.2 Evaluation of the best opening face 

5.1.2.1 Sampling 

A sample of approximately 35 flitches was selected at the outfeed table of each carriage. All of these 
came from cuts made on the log’s opening face or an adjacent face. We intentionally excluded flitches 
from a face opposite from the opening or adjacent faces because the openings selected for these faces are 
often programmed to produce a specific sized cant. Moreover, the sample flitches were chosen from logs 
that were relatively free of abnormal defects, such as large protrusions or excessive sweep, since this 
would have affected opening face selection.  
 
5.1.2.2 Evaluation procedures 

Each sample flitch was carefully examined to determine its optimum value given all its defects. This 
evaluation took into consideration the combination of width, length, and quality that would assign the 
highest monetary value to the piece. This combination was designated as the best solution that operators 
could have produced by selecting the optimum edging solution. We used a measuring tape and a parallel 
laser guideline system mounted on a tripod to help evaluate the samples. We were able to see the wane 
and the other defects for a given size before cutting by placing the laser lines on the flitch. Figure 1 
illustrates the setup used for these tests.  
 
The possibility of edging two flitches from a single one, or of trimming one (cut in two) and edging only 
a part of it, was also considered. A list of prices per species for the various sizes and quality of the lumber 
produced by the two sawmills was used to determine the most cost-effective solution. Chip value was not 
considered in determining the value of each option. A Forintek employee, who is a NHLA certified 
grader, evaluated the samples. A company grader also validated each of the sample evaluations.  
 
We also conducted a second evaluation of the sample pieces to determine any potential gains that might 
have been generated by optimizing the opening face at the carriage station. To do so, we evaluated the 
boards by simulating the impact of the best opening face on the volume and value of the samples. Based 
on the quality of each side of the boards, we were able to assume that in cutting more or less deeply into 
the log, or in changing its alignment, the sawyer could have produced a higher value board. 
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Figure 1. A laser assembly to simulate the edge saw cutting path  
 
5.2 Edging and trimming stations 

Since we used very similar methods to evaluate the edging and trimming stations, we have combined our 
description of these stations into one section to avoid redundancy. 
 
5.2.1 Sampling 

In total, ten manually operated edging stations and ten manually operated trimming stations were 
evaluated to assess the efficiency of these workstations. For the most part, these workstations were in 
sawmills located in Quebec. The number of sample pieces selected at each of these stations varied 
between 20 and 110 boards, depending on the mill. In all, we collected 339 edging samples and 458 
trimming samples. All these tests were conducted following the breakdown of sugar maple, red maple or 
yellow birch logs. Samples pieces were collected at either the edging station’s or the trimming station’s 
infeed table during regular production at the mill.  
 
Four of the ten manually operated edging and trimming stations evaluated were used to simulate the 
solutions that an optimized edger would generate, while two others were evaluated to simulate optimized 
trimmer solutions. In all, we collected 219 sample pieces to evaluate edging optimization and 98 to 
evaluate trimming optimization.  
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5.2.2 Evaluation procedures 

To evaluate the efficiency of the manually operated edging and trimming stations, we determined the 
maximum value of each board by considering all its defects, whereas to simulate the decision taken by an 
optimizer, only the wane was considered, thereby excluding the effect of operator input. To simulate the 
efficiency of an optimized edger, we used wane parameters that allowed for maximum wane on one 
quarter of the thickness, one third of the width, and half the length of the sample pieces. These parameters 
might be considered strict in comparison to NHLA standards, but in most of the mills we assessed, they 
were considered the minimum edging criteria needed to meet the clients’ specifications. 
 
We used the same wane parameters to simulate the efficiency of an optimized trimmer, except for the 
wane thickness parameter, which was much too restrictive and overly penalized the simulation of 
trimming optimization. Rather, we agreed to accept unlimited wane thickness, as long as it did not reduce 
the width of the board. 
 
Just as in our assessment of the sample pieces at the carriages, we assessed various combinations of size, 
length and quality using a tape measure and a parallel laser assembly mounted on a tripod. The laser lines 
were used to simulate the saw cutting path during edging. By moving the laser lines, we could see wane 
and other defects for a given dimension before edging (see Figure 1). 
 
The possibility of edging two pieces from a single one, or of trimming one piece (cut in two) and edging 
only one part, was considered only if it was the optimum solution given all the defects. A list of prices per 
species for the various dimensions and grades produced by the two sawmills was used to determine the 
most valuable solution. Chip value was not considered in determining the value of each option. A 
Forintek employee, who is a NHLA certified grader, evaluated the samples. Depending on their 
availability, company graders at the various mills confirmed our evaluations of each sample board.  
 
Following the evaluations, the boards were numbered and placed on the infeed table of either the edger or 
the trimmer to be processed with the regular production at these workstations. After edging or trimming, 
the sample pieces were collected and re-evaluated to record the solution chosen by the edger or trimmer 
operator. A decision was considered erroneous when an operator’s solution did not meet the optimum 
value of the piece, based either on all its defects or solely on wane.  
 
These errors consisted of: over-edging or over-trimming, when too much material was removed; or under-
edging or under-trimming, when too little material was removed and the residual defects lowered the 
optimum value of the piece. Mis-edging or mis-trimming occurs when boards of the correct dimensions 
shave been incorrectly positioned, resulting in a loss of board volume or value. 
 
 
 

6 Description of optimized equipment 
The idea of using optimized systems to process hardwoods, while almost unheard of in Eastern Canada, is 
increasingly popular south of the border.  Given the recent developments in optimization for hardwood 
sawmills, we thought it useful to briefly describe the optimization systems presented in this report. 
Appendix I lists the major manufacturers of this type of equipment.  
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6.1 Operation of an optimized carriage with a 3-D scanner.  

These systems vary little in operation from one manufacturer to the next. They differ mainly in the type of 
scanners used and in their various optimization software options.   
 
Figure 2 shows a log on a carriage being scanned in three dimensions. This system is the most common in 
the industry. The scanner (the blue section in the photo) is mounted approximately 10 feet from the 
carriage. It uses L4 scanning heads made by DynaVision. Each head projects four laser beams onto the 
surface of the log. The number of heads required depends on the length of the logs to be scanned.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Optimized carriage with 3-D scanner 
 
The laser beams are spaced at 12-inch intervals and detected by two cameras located on the ends of the 
heads. The log profile is determined to within 1/8 inch by each laser beam, and the log’s surface is 
scanned over an angle of approximately 120 degrees. 
 
This type of optimized carriage operates as follows. The operator loads and positions the log, a first scan 
occurs as soon as the carriage dogs secure the log onto the carriage. The first reading can be automatically 
transmitted to the scanner as the log is secured, or by the carriage operator pushing a button. The carriage 
displacement is then transmitted to an encoder. The log is then completely scanned by moving it 12 
inches towards the saw. Carriage displacement speed determines the scanning frequency: a carriage 
moving at 150 feet/minute will be scanned at ½-inch intervals, while one moving at 300 feet/minute will 
generate scans at one-inch intervals. 
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Most of these systems allow the operator to saw the log according to the BOF (best opening face) or MOF 
(minimum opening face) methods and to saw “Full”, “Half” or “No taper”.  The default sawing method is 
determined during parameter configuration and the operator may override the optimizer’s decision as 
required. The sawing pattern can be automatically selected for a given log diameter or taper. Operator 
intervention is required to compensate for the excess thickness due to the presence of bark if the log has 
been inadequately debarked. The number of operator interventions required has a direct impact on the 
system’s productivity.  
 
In terms of productivity and operator decision-making, the system allows the operator to set other 
parameters than the minimum criteria for the opening face. In addition to these ( 4 inches wide by 6 feet 
long), the system can accept criteria for short wood recovery (4/4 thick, 3 inches wide and 4 feet long). 
Thus, the operator no longer has to worry about short pieces in selecting an opening face, since the system 
handles them. This results in greater productivity by improving decision-making and by speeding up 
positioning, and increased product value (recovering clear wood in thick slabs). This feature is very useful 
in processing irregularly-shaped logs, or those with excessive crook or taper. 
 
The optimization system also generates detailed primary breakdown production reports. This information 
(the number and volume of logs cut per shift, how often certain sawing patterns are used, number of 
production stoppages, etc) can be used to describe operations during an entire shift to better manage 
production. 
 
6.2 Operation of an optimized edger 

As is the case for carriages, the operation of optimized edgers varies little from one manufacturer to the 
next. The main differences lie in their board positioning mechanisms, the type of scanners used and the 
various options provided by the optimization software.  
 
Figure 3 shows a typical optimized edging station equipped with a transverse scanner, which is most 
common in the industry. The scanner (in blue in the photo) is installed upstream from the edger. It uses 
M6, M8 or M24 DynaVision scanning heads. The main difference between scanning heads is the space 
between laser projections on the boards. The M6 heads project laser beams every 4 inches, the M8, every 
3 inches, and the M24, every inch. Each head is 24 inches long, and they are joined to each other, 
depending on the length of the pieces to be scanned. Two rows of heads are needed (one above and one 
below) to allow the system to detect wane on either side of a flitch. To reduce the purchasing cost of 
scanners, some companies only install scanners above the scanning station, which only allows the system 
to scan one side of a piece. This procedure implies that the operator must ensure that any wane is 
positioned such that it can be read by the scanner. 
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Figure 3. Optimized edging station 
 
An optimized edging station operates as follows: an operator, located upstream from the edging station, 
assigns a grade to the flitches which are then scanned and optimized according to the wane criteria for 
that particular grade. A screen allows the operator to see the optimizer solution. Default edging 
parameters are set during the optimizer configuration so that the operator does not have to input 
parameters for every flitch. If a flitch has defects other than wane that do not allow the optimizer to 
maximise its value, the operator can intervene by selecting it for post-scanning correction. A second 
optimizer input position located near the scanner allows the operator to see the optimizer’s solution and 
make the required corrections (see the operator’s location in Figure 3). Two lasers triggered by 
servopositioners indicate the position of the edger saws on the flitch. 
 
A second console with two joysticks allows the operator to change this solution and enter a new one. The 
first input position can also be designed to allow the operator to set the position of a saw, on the basis of 
defects, for the production of two boards (for a three-saw edger). As is the case for most optimized 
systems, such a setup can produce various reports detailing operations during an entire shift to generate 
production statistics for this workstation. Generally, the productivity of an optimized edger varies 
between 10 and 30 boards/minute, depending on the number of times the operator intervenes. 
 
6.3 Operation of an optimized trimmer 

Optimized trimmer operation varies little from one manufacturer to the next. The main differences are in 
the types of scanners used and the various options provided by the optimization software. A typical 
optimized trimmer is shown in Figure 4. 
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The trimmer’s operating concept is similar to an edger’s, except that it does not include a post-scanning 
optimizer input position. Operators must intervene before a board is scanned if they feel that the scanner 
trimming solution will be incorrect. The scanning technology is identical to that of an optimized edger 
(see section 6.2, page 7) and the trimming is done using a multiple saw trimmer.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Optimized trimming station 
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7 Results and discussion 
7.1 Three dimensional optimization of the carriage 

Three-dimensional optimization of carriages is a relatively recent development dating back to the end of 
the 1990’s. There are very few such installations in Eastern Canada and, moreover, the owners of this 
type of equipment did not allow us to conduct tests on it. Consequently, our results are the product of 
simulations and tests carried out on carriages having only digital or dial indicator setworks and a laser line 
system to assist the operator in decision-making.  
 
7.1.1 Impact of 3-D optimization on carriage productivity 

According to the information gathered about the operation of an optimized carriage, gains in productivity 
due to optimization are mainly attributable to a reduction in the time needed to load and position the log, 
and to subsequently turn and reposition it. Therefore, we decided to quantify what percentage of the total 
time spent at the carriage station was devoted to these two activities.  
 
Table 1 presents the percentage of time spent on each of the six stages of sawing a log. This test was 
conducted on three manually-operated carriages. At two of these, logs are sawn on two to four faces and 
the resulting cant is sent a band resaw, while at the third, logs are completely broken down into flitches. 
Our results show that between 24% and 40.6% of the time spent on the carriage is dedicated to loading 
and initial positioning, turning, and secondary positioning. We also noted that with fewer cuts , a greater 
proportion of the total time needed for log loading and positioning. The percentage of time needed to load 
and position accounted for 24% of the total time when the carriage completed an average of 14.4 cuts per 
log, rose to 30.6% when the average number of cuts per log dropped to 6.0, and rose still further to 40.6% 
when the number of average cuts per log dropped to 5.0. 
 
This observation leads us to conclude that gains in productivity due to the installation of a 3-D optimized 
carriage would be greatest for mills that limit the number of cuts at the carriage station by using 
secondary breakdown equipment such as resaws and gang edgers. Unfortunately, we were unable to 
quantify increases in real productivity because we did not have direct access to this technology.  
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Table 1. Sawing time according to various stages in the sawing pattern 
 
 
 

Carriage without 
resaw 

Carriage with 
resaw 

Carriage with 
resaw  

Average diameter (inches) 
Average length (feet)  
 
Average number of cuts 
Average sawing time (min/log) 

12.4 
9.6 

 
14.4 
2.05 

11.0 
10.5 

 
6.0 

0.97 

10.1 
9.3 

 
5.0 

0.87 
 
Loading and initial positioning 
 
Turning and secondary positioning 

    
      7.8% 
                     24.0% 
     16.2% 
 

    
      10.6% 
                     30.6% 
      20.0% 
 

    
      19.5% 
                   40.6% 
      21.1% 
 

 
Back-and-forth sawing 
 
Back-and-forth carriage travel without 
sawing 
 
Shim sawing 
 
Unloading and return for reloading 
 

 
68.2% 

 
2.6% 

 
0.7% 

 
4.5% 

 
57.1% 

 
3.5% 

 
 0.0% 

 
8.8% 

 
48.3% 

 
2.1% 

 
 0.0% 

 
9.0% 

 
7.1.2 Optimization of the opening face 

Tests were conducted on the three manually-operated carriages to determine the operator’s efficiency in 
producing optimum value boards from the opening face or an adjacent face. We also calculated the 
potential benefits that could be generated by installing a 3-D optimizer on the carriage; to do this, we 
simulated the impact of using a different opening face on the value of the sample pieces. 
 
Table 2 describes the frequency of boards that would have produced greater value if the opening face had 
been optimized. Slightly more than one board in two (53%) could have been improved if a different 
opening had been chosen. Results from the three carriages vary greatly. The carriage with the best results 
had 37.1% of its boards showing a potential for improvement, while the least-performing carriage had 
73% of its samples showing a potential for improvement.  
 
Among the reasons for an inadequate opening face, the most frequent cause was a poor alignment of the 
opening face. This was the case, on average, for 27.1% of the sample pieces. The majority of opening 
faces were cut using split taper sawing, but in most cases, full taper sawing would have produced longer 
cuts with no reduction in quality. A shallow opening cut was the second most likely cause of error, 
affecting an average of 20% of sample pieces. A shallow cut into the log has a significant impact on the 
value of the products, since higher quality cuts must be at least 4 to 6 inches wide. Conversely, too deep 
an opening cut leads to a loss of volume from external quality zone, from which higher quality boards are 
normally cut. However, this error was less frequent; it was identified in only 5.9% of incorrect sample 
pieces. 
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Table 2. Frequency of flitches cut from the opening face showing potential or 
 improvement  
 

 Carriage 1 Carriage 2 Carriage 3 Average 

Flitches cut from the opening face showing 
potential for improvement1 37.1% 73.3% 48.6% 53.0% 

 
Reasons for an inadequate opening face      

Opening face cut too deep
Opening face cut too shallow

Poor alignment (taper) 

5.7% 
11.4% 
20.0% 

3.3% 
40.0% 
30.0% 

8.6% 
8.6% 

31.4% 

5.9% 
20.0% 
27.1% 

1 Samples taken from flitches cut from the log’s initial opening face or an adjacent face.  
 
Table 3 outlines potential volume and value recovery gains that could have been achieved by ensuring an 
optimum opening face on our samples.  
 
Table 3. Potential benefits associated with opening face optimization 
 
 Carriage 1 Carriage 2 Carriage 3 Average 

Increase in volume resulting from an 
optimized opening face1 9.2% 7.4% 12.7% 9.8% 

Increase in value resulting from an optimized 
opening face1

15.0% or 
$215 /Mfbm 

54.2% or 
$636 /Mfbm 

25.6% or 
$323 /Mfbm 

31.6% or 
$391 /Mfbm 

Additional annual income based on 240 
shifts/year $192,000 $186,000 $221,000 $200,000 

1 Samples taken from boards cut from the log’s initial opening face or an adjacent face.  
 
Our results indicate that optimization of the initial opening face on sample logs would have increased 
volume recovery by 9.8%, on average. The increase in value is even more considerable, since it represents 
an increase of 31.6%, or $391/Mfbm, compared to the opening faces sawed by the manually operated 
carriages. Results vary greatly between carriages. Increases in volume (between 7.4% and 12.7%), and 
value (between 15.0% and 54.2%) recovery vary greatly, depending on the carriage under study. This 
variability is typical of manual operations, since many factors influence operator performance.  
 
It is important to understand that all these gains only apply to flitches sawed from the opening face or an 
adjacent face, and do not apply to the entire carriage production. Despite this restriction, Table 3 clearly 
shows that optimizing the opening face can generate considerable revenue. Based on the production of the 
mills concerned, we estimate that optimization of the opening face at the carriage could generate 
additional revenue in the order of $200 000 per year. The details of these calculations are found in 
Appendix II. 
 
7.2 Optimization of edging operations 

The lack of data about the efficiency of optimized edgers for hardwood applications has seriously delayed 
the industry’s adoption of such equipment. Tests to obtain this data were made on manually operated 
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edgers. The results obtained were compared to those generated by simulation to determine the efficiency 
of an edger optimizer, excluding operator input.  
 
7.2.1 Efficiency of a manually operated edging station 

Table 4 provides an overview of the type and frequency of errors noted in evaluating ten manually 
operated edging stations, and the impact of these errors on sample volume and value.  
 
Table 4. Summary o  manually operated edging station errors  
 

Type and frequency of errors (%) 
 

Over-edging Under-
edging 

Mis- 
edging Total 

Loss of  
volume 

(%) 

Loss of 
value 
(%) 

Edger No. 1 40.0% 0.0% 40.0% 80.0% 18.8% 27.4% 
Edger No. 2 23.3% 3.3% 6.7% 33.3% 7.3% 5.7% 
Edger No. 3 15.0% 15.0% 5.0% 35.0% 1.3% 8.0% 
Edger No. 4 10.0% 10.0% 15.0% 35.0% 4.0% 7.9% 
Edger No. 5 14.8% 25.9% 4.6% 45.4% (0.9%) 13.2% 
Edger No. 6 30.0% 5.0% 5.0% 40.0% 6.2% 8.6% 
Edger No. 7 10.0% 5.0% 10.0% 25.0% 1.7% 9.3% 
Edger No. 8 5.0% 5.0% 5.0%. 15.0% (1.2%) 3.0% 
Edger No. 9 15.0% 0.0% 0.0% 15.0% 4.4% 2.8% 

Edger No. 10 24.2% 10.6% 10.6% 45.5% 8.7% 14.6% 

Average  18.7% 8.0% 10.2% 36.9% 5.0% 10.0% 

 
The average error frequency for all the edging operations was 36.9%. However, this average does not 
reflect the significant variance between operations. The error frequency ranged between 15% and 80%.  
 
The most frequent type of error was over-edging, which accounted for nearly half the errors. Operators 
tend to edge more narrowly than necessary, without a corresponding increase in board value. Several 
factors influence edger operator performance. An operator’s lack of grading knowledge is among the 
most significant causes of error, along with a production rate that is much too high, and very little time to 
consider the wide range of possible edging options. Ergonomic, operational and mechanical constraints 
may also reduce operator efficiency.  
 
As a whole, the volume and value of boards produced were respectively 5% and 10% short of optimal 
solutions established before edging. Loss of value is generally more significant that loss of volume. The 
graph in Figure 5 illustrates the levels of efficiency at the various manually operated edging stations.  
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Figure 5. Efficiency of manually operated edging stations with respect to volume 
and value  

 
As previously mentioned, edging performance varies greatly. Efficiency with respect to volume varies 
between 81% and 101%, while efficiency with respect to value varies between 73% and 97%. Operators 
were able to obtain an average of 95% of the optimal volume of our sample pieces but only 90% of their 
optimal value. In most cases, volume efficiency was greater than value efficiency. This result seems to 
contradict our observations that half the errors were due to over-edging, but this can be explained by the 
significance of losses of value, as opposed to losses of volume. For example, over-edging may reduce the 
volume of a board by 5%, but it may reduce its value by 10%.  
 
7.2.2  Efficiency of an optimized edging station 

Figure 6 illustrates the results of four simulations designed to determine the efficiency of optimized 
edging stations.  
 
 
 
 
 
 
 
 
 



Potential for the Optimisation of Hardwood Sawmills 

 
 

 
 

15 of  25 
 

 
 
 
 
 104% 
 

102%  
 100% 
 

98%  
 

96% 
 

94%  

E
ffi

ci
en

cy
 

 
92%  

 90% 
 

88%  
 86% 
 

84%  
 82% 
 1 2 Average 3 4

 Number of simulations

 
Optimized Volume Optimized Value

 
 

Figure 6. Simulated efficiency of optimized edging stations with respect to volume or 
value  

 
Simulation of an optimized edging station using only wane as a parameter allowed us to attain an average 
efficiency of 100.9% with respect to volume and 92.5% with respect to value. The use of wane as a sole 
criterion effectively increased board volume, at the expense of quality, which was reduced. This situation 
repeated itself in each of the four tests used to simulate the solution that an optimized edger would have 
generated.  
 
We consider these results as conservative, since they do not take into account operator input in setting 
wane criteria according to board quality, or the possibility of changing the edging solution to 
accommodate boards that can not be optimized exclusively on wane. Thus, it is plausible that potential 
gains due to the installation of an optimized edger would fall somewhere between the gains resulting from 
the adoption of an optimized edger taking only wane into consideration, and the gains generated by 
optimizing edging for all defects.  
 
Table 5 illustrates the potential increase in annual revenues if a hardwood mill with an annual production 
of 10 MMfbm were to install an optimized edger. We used the results of our evaluations of manually 
operated edger and optimized edger efficiency to calculate these potential gains. 
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Table 5. Potential benefits associated with edging optimization 
 

 Edging optimized for 
wane 

Edging optimized for 
all defects 

Annual benefits for an annual 
production of 
10 MMfbm 

Increase in volume 
compared to manually 

operated edging1

5.8% 
232 Mfbm/year 

5.3% 
212 Mfbm/year 

 
between 5.8% and 5.3% 

between 232 and 212 Mfbm/year 
 

Increase in value 
compared to 

manually operated edging1

2.8% 
$32/Mfbm edged 
$126,000 /year 

11.1% 
$126/Mfbm edged 

$505,000 /year 

 
between 2.8% and 11.1% 

between $32 and $126 
/Mfbm edged 

between $126,000 and $505,000 
/year 

 
1 Calculation based on a mill producing 10 MMfbm/year of which 40% of production requires edging. 
 
Edging optimization increases volume recovery by between 5.8% and 5.3%, depending on the operator’s 
ability to compensate for the edger’s shortcomings. For a mill with an annual production of 10 MMfbm, 
this represents an increase in volume of between 232Mfbm and 212Mfbm annually. Similarly, board 
value would increase between 2.8% and 11.1%, which corresponds to between $32/Mfbm edged and 
$126/Mfbm edged. With operator input, the additional revenues generated would be somewhere between 
$126,000 and $505,000 (see Appendix III).  
 
Note that the volume produced when all defects are considered is lower than that obtained when wane is 
the only criterion. The reverse is true for increases in value. Increases in value are often made at the 
expense of volume since one or more defects are cut out to accommodate the optimal edging solution. 
 
7.3 Optimization of trimming operations 

As is the case for optimized edging, there is very little data on the efficiency of optimized trimming 
stations. We conducted tests similar to those for optimized edging to compare the performance of a 
manually operated trimming station with that of an optimized trimming station.  
 
7.3.1 Efficiency of a manually operated trimming station 

Ten manual trimming stations were evaluated to determine performance at this workstation. Table 6 
summarizes the test results.  
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f tTable 6. Summary o  manually operated trimming s ation errors 
 

Type and frequency of errors (%) 
 

Over - 
trimming 

Under- 
trimming 

Mis- 
trimming Total 

Loss of  
volume 

(%) 

Loss of 
value 
(%) 

Trimmer No. 1 22.0% 9.0% 12.0% 43.0% 2.9% 8.7% 
Trimmer No. 2 5.0% 5.0% 0.0% 10.0% (2.6%) 4.5% 
Trimmer No. 3 15.0% 5.0% 10.0% 30.0% 1.0% 3.0% 
Trimmer No. 4 20.0% 5.0% 15.0% 40.0% 3.6% 12.4% 
Trimmer No. 5 20.0% 10.0% 10.0% 40.0% 7.4% 7.8% 
Trimmer No. 6 30.6% 17.9% 8.4% 56.9% 2.0% 12.9% 
Trimmer No. 7 11.4% 8.6% 3.6% 23.6% 2.3% 8.8% 
Trimmer No. 8 24.4% 2.2% 0.0%. 26.6% 4.8% 8.2% 
Trimmer No. 9 31.2% 14.6% 4.2% 50.0% 8.0% 15.0% 

Trimmer No. 10 8.0% 14.0% 0.0% 22.0% (1.5%) 5.7% 

Average 18.8% 9.1% 6.3% 34.2% 2.8% 8.7% 

 
Our tests indicate a 34.2% average error rate in the manual trimming of our board samples. Slightly more 
than half of these errors (18.8/34.2%) could be attributed to over-trimming. Operators tend to be too strict 
in their trimming decisions and tend to cut out certain defects that would not have lowered the value of 
the boards. The reasons for this relatively high error rate are similar to those previously stated for the 
edging station. An operator’s lack of grading knowledge is among the most significant causes of error, 
along with a production rate that is much too high, and very little time to consider the wide range of 
possible trimming options. Trimming errors reduce the volume and value of samples by 2.8% and 8.7% 
respectively. As is often the case for manual operations, results for various trimming stations vary widely. 
The worst error rates may exceed the best error rates by five-fold, depending on the criterion selected.  
 
The graph in Figure 7 describes the efficiency in terms of volume and value for each of the manually 
operated trimming stations studied. As a whole, the average efficiency was 97.2% with respect to volume, 
and 91.3% with respect to value. This efficiency measures the difference between the value and volume 
produced by the operators and the optimal value and volume determined before trimming. This histogram 
shows, once again, the significant variance between manually operated stations and the significance of 
losses in value compared to losses of volume. 
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Figure 7.  Efficiency of manually operated trimming stations with respect to volume 
and value 

 
7.3.2 Efficiency of an optimized trimming station 

Figure 8 illustrates the results of our evaluation of the efficiency of an optimized trimming station. The 
average of the two tests corresponds to an efficiency of 102.2% with respect to volume and 91.5% with 
respect to value. This tendency is similar to that observed during the evaluation of the optimized edging 
station. Optimization based solely on wane tends to inflate board volume and reduce board value.   
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Figure 8.  Simulated efficiency of optimiz d trimming stations with respect to 

volume or value  
 
Table 7 describes the percentage increases in volume and value due to trimming station optimization. In 
order to fully grasp the economic impact of such an installation, the gains were calculated for a hardwood 
mill with an annual production of 10 MMfbm.  The results of our evaluation of the efficiency of manual 
and optimized trimming stations were used to calculate these amounts.  
 
Table 7. Potential benefits associated with trimming optimization 
 

 Optimized trimming 
for wane  

Optimized trimming 
for all defects 

Annual benefits for an annual 
production of 10 MMfbm 

Increase in volume 
compared to manually 

operated trimming1

5.1% 
510 Mfbm/year 

2.9% 
290 Mfbm/year 

 
between 5.1% and 2.9% 

between 510 and 290 Mfbm/year 
 

Increase in value 
compared to manually 

operated trimming1

0.2% 
$2/Mfbm 

$15,400/year 

9.5% 
$67/Mfbm 

$671,000/year 

 
between 0.2% and 9.5% 

between $2 and $67/Mfbm 
between $15,400 and  

$671,000 /year 
 

1 Calculated for a mill with an annual production of 10 MMfbm/year in which all boards are trimmed. 
 
These figures indicate that optimization based strictly on wane allows for a sizeable increase in volume 
(5.1%) in comparison to a manually operated trimmer, which represents an annual increase of nearly 510 
Mfbm for a 10 MMfbm mill. However, because this additional volume is mainly composed of lower 
value boards, the impact on the mill’s revenues would be negligible, with an increase in value of only 
0.2%, or the equivalent of $2/ Mfbm or $15,400 per year (see Appendix IV). 
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In contrast, optimization for all defects would result in a 2.9% increase in volume, when compared to a 
manually operated trimming station, which translates to an increase of 290 Mfbm for a mill with an 
annual production of 10 MMfbm. The increase in value would be much more significant, with an increase 
of 9.5%, or $67/Mfbm. A mill producing 10 MMfbm would see an increase in yearly revenues of some 
$671,000 (see Appendix IV). 
 
In short, it is reasonable to assume that benefits generated by the installation of an optimized trimmer 
would be somewhere between the increase in revenues due to the installation of optimization for wane 
only, and increases in revenues due to optimization for all possible defects including operator input, 
which was not taken into consideration during our simulations. 
 
 

8 Conclusion 
Our study has resulted in the development of performance indicators that can be used by hardwood 
sawmill managers to analyse the potential for investments in carriage, edger and trimmer optimization 
equipment. More specifically, our tests allowed us to predict, through simulations, the impact on 
workstation efficiency of using optimizers to assess log or board geometry. We were also able to compare 
the performance of manually operated workstations against those equipped with optimizers. 
 
Tests conducted at the carriage station indicated that optimization of the opening face could yield 
substantial gains. On average, slightly more than half the flitches (53%) sawed manually from the 
opening face or from an adjacent face could have been improved. These opening face errors reduced the 
volume and value of our samples by 9.8% and 31.6%, respectively. If we assume that an optimized 3-D 
carriage system would eliminate all these errors, the additional yearly revenues generated would be in the 
order of $200,000. In most cases, the payback period on such an investment would be less than two years.  
 
Moreover, we predict that a reduction in loading, positioning and turning times would also improve 
productivity, but unfortunately, we were unable to quantify this improvement. However, we were able to 
demonstrate that increased productivity would be more significant for sawmills that limit the number of 
cuts at the primary breakdown stage by using secondary breakdown equipment such as resaws and gang 
saw edgers to complete cant breakdown.  
 
Optimization of edging operations should also be considered, especially in mills for which edging is a 
bottleneck. Our results show potential increases of 5.8% in volume and 2.8% in value when optimization 
solely for wane is introduced, with no operator input. Furthermore, these figures represent only part of the 
benefits of installing such a system. Optimized edgers in hardwood mills allow for operator input into the 
optimizer’s solution. Therefore, it is reasonable to assume that gains made following the installation of an 
optimized edging station would fall somewhere between the gains made by adopting the optimal solution 
based on a consideration of all defects, and the gains made by an optimized system that considers only 
wane. As such, the installation of an optimized edger in a sawmill with a yearly production of 
10 MMfbm, of which 40% would require edging, would see an increase in volume somewhere between 
232 Mfbm and 212 Mfbm, which corresponds to an increase in annual revenues of between $126,000 and 
$505,000. The main limiting factor in deciding to purchase such a system is its price, which can reach 
$800,000. 
 
However, in the case of the trimming station, our tests demonstrated that optimization for wane allowed 
for appreciable increase in volume (5.1%) but very little increase in value (0.2%). This station requires 
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much more operator input for appearance defects, thereby reducing the potential use of this technology. 
Optimization of trimming stations will become much more attractive when technology to identify all 
defects is developed. Elimination of operator error at this workstation would translate into increased 
volume and value of 290 Mfbm and $671,000 respectively, for a mill with an annual output of 10 
MMfbm. 
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Appendix I   
Major Manufacturers of Optimized Equipment for Hardwood Sawmills 

 
 
1 Inovec Inc. 2 Hi-Tech / Comact  
 115 Wallis Street 400 Aviation Plaza  
 Eugene, Orégon Suite C 
 97402 Hot Springs, Arkansas  
 Tel: 541-485-7127 71913 
 www.inovec.com Tel: 501-760-1100 
  www.hi-techeng.com
 
3 USNR / Perceptron 4 Autolog 
 558 Robinson Rd.  1240 Michèle-Bohec   
 Woodland, Washington Blainville, Quebec  
 98674 J7C 5S4   
 Tel: 360-225-8267 Tel: 450-434-8389 
 www.usnr.com www.autolog.com
 
5 PHL 6 Lewis Control 
 10 Goulet Avenue  260 N, 26 th Avenue 
 Ste-Ephrem, Quebec  Cornelius, Orégon 
 G0M 1R0  97113 
 Tel: 418-484-2800  Tel: 503-648-9119 
 www.industriesphl.com  www.lewiscontrols.com
 
7 Corley Sawmill Machinery 8 Silvatech Corp. 
 P.O. Box 471  P.O. Box 384 
 Chattanooga, Tennessee  South Main Street 
 37401  Bethel, Vermont 
 Tel: 423-698-0284  05032 
 www.corleymfg.com  Tel: 802-234-5174 
   www.silvatech.com
 
9 Ciris Ingenerie 10 Lico 
 Zone Industrielle  9550, 10thAvenue 
 Rue Thomas Edison  Parc industriel 
 33600 Pessac, France  St-Georges, Quebec 
 Tel: +33 (0) 557-261-717  G5Y 8J8 
 www.ciris.com  Tel: 418-228-3882 
   www.licoinc.net
 

http://www.usnr.com/
http://www.industriesphl.com/
http://www.ciris.com/
http://www.licoinc.net/


Potential for the Optimisation of Hardwood Sawmills 

 
 

 
 

23 of  25 
 

Appendix II  
Potential benefits associated with opening face optimization at the carriage station  

 
HYPOTHESES 
 
The following hypotheses are based on Forintek test results and production statistics from each of the 
sawmills. 
 
 Carriage 1 Carriage 2 Carriage 3 

• Number of logs processed per shift 600 200 550 
• Number of optimized boards per log 2 2 2 
• Average board volume 3.11 fbm 3.05 fbm 2.59 fbm 
• Increased value due to optimization $215/Mfbm $636/Mfbm $323/Mfbm 
• Number of shifts per year 240 240 240 

 
CALCULATION OF INCREASED YEARLY REVENUES 
 
Carriage 1 
 
= 600 logs/shift x 2 board/log x 3.11 fbm/board x $215/Mfbm x 240 shifts/year  
 
= $192,000/year 
 
Carriage 2 
 
= 200 logs/shift x 2 board/log x 3.05 fbm/board x $636/Mfbm x 240 shifts/year  
 
= $186,000/year 
 
Carriage 3 
 
= 550 logs/shift x 2 boards/log x 2.59 fbm/board x $323/Mfbm x 240 shifts/year  
 
= $221,000/year 
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Appendix III 
Potential benefits associated with edging operation optimization  

 
HYPOTHESES 
 
The following hypotheses are based on Forintek test results. They were used to calculate the potential benefits 
generated by installing an optimized edger in a hardwood sawmill with an annual output of 10 MMfbm.  
 
 Efficiency based on 

volume 
Efficiency based on 

value 
Optimal edging taking into account all defects  100.0% 100.0% 

Optimized edging taking only wane into account 100.5% 92.5% 

Manual edging 95.0% 90.0% 

Average value of boards sent to edging station $1,200 

Percentage of boards sent to edging station 40% 
 
CALCULATION OF POTENTIAL GAINS DUE TO INCREASED EFFICIENCY FOR VOLUME 
COMPARED TO A MANUALLY OPERATED STATION 
 
Edging optimized for wane only  
= ((100.5% - 95.0%) ÷ 95.0%) x 100  
= 5.8% 
 
= 5.8% x (10 MMfbm x 40%) 
= 232 Mfbm/year 
 
Edging optimized for all defects 
= ((100.0% - 95.0%) ÷ 95.0%) x 100  
= 5.3% 
 
= 5.3% x (10 MMfbm x 40%) 
= 212 Mfbm/year 
 
CALCULATION OF POTENTIAL GAINS DUE TO INCREASED EFFICIENCY FOR VALUE 
COMPARED TO A MANUALLY OPERATED STATION 
 
Edging optimized for wane only  
= ((92.5% - 90.0%) ÷ 90.0%) x 100  
= 2.8% 
 
= ((92.5% - 90.0%) ÷ 95.0%) x $1200/Mfbm 
= $31.58/Mfbm edged 
 
= $31.58/Mfbm edged x (10 MMfbm x 40%) 
= $126,320/year 
 
Edging optimized for all defects 
= ((100.0% - 90.0%) ÷ 90.0%) x 100  
= 11.1% 
 
= ((100.0% - 90.0%) ÷ 95.0%) x $1200/Mfbm 
= $126.31/Mfbm edged 
 
= $126.31/Mfbm edged x (10 MMfbm x 40%) 
= $505,240/year 
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Appendix IV 
Potential benefits associated with trimming operation optimization 

 
HYPOTHESES 
 
The following hypotheses are based on Forintek test results. They were used to calculate the potential benefits of 
optimizing a trimming station in a hardwood sawmill with an annual output of 10 MMfbm. 
 
 Efficiency based on 

volume 
Efficiency based on 

value 
Optimal trimming taking into account all defects 100.0% 100.0% 

Optimized trimming taking into account only wane 102.2% 91.5% 

Manual trimming 97.2% 91.3% 

Average value of boards sent to the trimmer $750 
 
CALCULATION OF POTENTIALGAINS GENERATED BY INCREASED VOLUME COMPARED TO A 
MANUALLY OPERATED STATION 
 
Trimming optimiz d for wane only  e

e

e

e

= ((102.2% - 97.2%) ÷ 97.2%) x 100  
= 5.1% 
 
= 5.1% x (10 MMfbm x 100%) 
= 510 Mfbm/year 
 
Trimming optimiz d for all defects 
= ((100.0% - 97.2%) ÷ 97.2%) x 100  
= 2.9% 
 
= 2.9% x (10 MMfbm x 100%) 
= 290 Mfbm/year 
 
CALCULATION OF POTENTIAL GAINS GENERATED BY INCREASED VALUE COMPARED TO A 
MANUALLY OPERATED STATION 
 
Trimming optimiz d for wane only  
= ((91.5% - 91.3%) ÷ 91.3%) x 100  
= 0.2% 
 
= ((91.5% - 91.3%) ÷ 97.2%) x $750/Mfbm 
= $1.54/Mfbm 
 
= $1.54/Mfbm x 10 MMfbm 
= $15,400/year 
 
Trimming optimiz d for all defects 
= ((100.0% - 91.3%) ÷ 91.3%) x 100  
= 9.5% 
 
= ((100.0% - 91.3%) ÷ 97.2%) x $750/Mfbm 
= $67.13/Mfbm 
 
= $67.13/Mfbm x 10 MMfbm 
= $671,300 /year 
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