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ABSTRACT

A SIMULATION MODEL
FOR LOG YIELD STUDY

by Jordan Alexander Tsolakides

A digital computer analytical technique has been developed as a
means of studying the effect of alternative sawing methods on the grade
and volume yield of the same log. Real activities are simulated through
the use of the computer.

The work is methodological in nature. Its primary purpose is the
development of a model which can be used to increase production effi-
ciency. In addition, the study has the objectives of developing a cir-
cumference and defect reading method and of demonstrating the feasibility
of the use of the model in a pilot project. This model, developed in order
to accumulate data for analysis purposes, should prove to be superior to
methods available in the past. Step by step procedures are provided for
experimental applications.

The input data for the simulated processes are derived from a sample
of six logs sliced into disks. A measuring method, developed along with
the main model, is used to record circumference points and the location
of defects on the disks. The six logs are used to illustrate the simulated

operations and are sawn, via simulation, 164 times.



Jordan Alexander Tsolakides

The model consists of the main program and three supplementary sub-
programs; one for sawing lumber, one for rotating the log into a new posi-
tion, and one for cant production. Allowance has been made for one-eighth
and one-fourth of an inch kerf sizes, which can simulate band sawing,
gang sawing, and circular sawing. The size, board feet, and defects
are given for each board produced.

The model, written in FORTRAN language, has been executed on a
CDC 3600 computer. It takes approximately three minutes to "saw" a
log 16 times, in four different positions, and to measure the resulting
boards.

Several sawing methods have been utilized to test the workability of
the model. This model, a simulation analysis of log yield (SALY), shows

the feasibility of a new approach to solving the vital question of how

best to saw a log.
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I. INTRODUCTION

The Log Yield Problem

In the past several years, the sawmill industry has made significant
improvements in mechanization. From headsaws to lumber sorting, the
flow of materials is being automated to greater degrees. Push-button op-
erations with memory-control systems are becoming increasingly a part
of the sawmill operation. Improved equipment and new types of handling
and controls are reducing production cost and improving the quality of the
products. Still, there remain unanswered questions relating to log char-
acteristics and the appropriate sawing method for maximum return.

The nature of the logs presents the greatest problem since no two
logs are alike. Studies conducted by various investigators applying a
variety of sawing methods, have improved considerably the knowledge
about the problem of optimum log yield. Statistically designed experi-
ments as well as linear programming and computer (mathematical) models,
are some of the techniques which have been employed in order to find the
most profitable way of sawing the log.

However, the subject of more efficient conversion of logs into lumber
needs further investigation as to the effect of log characteristics on
yields of factory grades of lumber. More adequate information is needed
as a basis for selection of the sawing procedures best suited to maximize

the value of lumber produced from given qualities of log.
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The effect of visible external defect orientation to the sawing faces
of the log has been and is still being studied. Nevertheless, the effect
of the same defects, when several available sawing methods are tested
on the same log, needs further study in order to evaluate the log quality
and variations in the grade of lumber as influenced by the sawing methods.
What is needed is an analytical technique which will allow several sawing
methods to be tried on the same log. The two main sources of variation
in the yield, namely log characteristics and sawing methods, should be
examined for their impact upon the yields obtainable. It is within this
framework that this study will attempt to develop a methodology for the

investigation of this problem.

Objectives of the Study

The general objective of this study is to develop and test a model of
log breakdown operation wherein sawing activities can be simulated to
the maximum extent possible. Such a technique will allow several sawing
methods to be tested on the same log. Variations in the total yield from
a particular hardwood log can be explored as a function of log character-
istics and sawing methods. Such an investigation can produce informa-
tion to be used for the development of more efficient sawing practices.

The specific objectives of the study are:

1. To develop a method of analysis for the investigation of the
effect of sawing method on yield. With the use of a ccm-

puter simulation, comparisons of the effect of the changing



relationship between log characteristics and sawing methods

on the final output can be studied, avoiding laborious phys-

ical experiments.
To demonstrate the feasibility of the use of such a model

with a pilot project.



II. LITERATURE REVIEW AND PROBLEM ANALYSIS

The Hardwood Grade Lumber Yield Problem

The End Use Consideration

Hardwood lumber is used mainly in manufacturing induétries. Of the
total hardwood lumber used for all purposes (6) in 1960, about 92 percent
was consumed in manufacturing industries, with oak comprising one-third
of the volume. Of the approximately 5.6 billion board feet consumed by -
the manufacturing industries, about 3.1 billion or 55 percent was used by
industries classified (SIC) as Lumber and Wood Products. The largest
item in this group, about 1.1 billion board feet, was consumed by the
Dimension and Flooring Industries.

The other large industrial group was the Furniture and Fixture Industry
with a consumption of 1.6 billion board feet or about 28 percent of the
total. The largest amount in this group, about 1. 3 billion board feet,
was consumed by the Household Furniture Industry.

Hardwood lumber, when used in manufacturing is converted and uti-
lized in random lengths and widths of relatively clear dimensions accerding
to the special requirements of each industry's operations. The furniture
industry, which is the biggest hardwood lumber user, requires clear or
practically clear dimensions for its products. Since most hardwood lum-

ber eventually is cut up into various sizes of clear dimensions, the value



of rough boards depends simply on the amount of usable material they
contain.

What the end user (manufacturing industry) is interested in, is the
percent of clear area each grade of lumber will finally yield when con-
verted into specific size dimensions. This end use calls for a variety of
sizes according to the particular needs and types of end products. tor
example, different sizes are needed for solid parts of case goods, or
core materials for plywood and still other sizes for chairs and tables.

Unlike other commodities, the rough lumber used by the manufacturer
varies in quality and is seldom free of defects, resulting in waste when
manufactured. The utility, therefore, of rough lumber varies and is a
function of the grade of lumber used for the conve“rsion of rough boards
into blank dimension sizes. Utility is defined as the ratio of the volume
of finished blank sizes of wood parts to the volume of rough lumber from
which it was sawn (4). The percent utility, or yield, from the lumber of
a given grade can be used as an estimating factor of the obtainable clear
material. This percentage yield can be measured either as final machine
size or final rough mill sizes. It varies with the species and the thick-
ness of the board, decreasing as the board thickness increases (8).

The degree to which the hardwood lumber can be worked into relatively
clear cuttings becomes the key factor in satisfying the manufacturing needs
for rough lumber. This end use criterion establishes a pattern of demand
for the production of lumber which when remanufactured will produce larger

percentages of clear cuttings.
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A price scale is the natural outcome of this demand, where lumber of
higher quality commands higher prices. It becomes obvious then that
lumber yielding higher percentages of clear cuttings and securing higher
prices creates an incentive for the sawmill operators to seek and produce
this type of lumber.

A lumber grading system is applied as a yardstick to help the pur-
chaser to buy the grade which best suits his manufacturing purpcses,
while allowing the vendor to secure higher prices for his better products.
This system based on the ultimate use of lumber can also be used as a
criterion to measure the effectiveness of mill operation reflected by the

total output of the lumber both in value per unit and volume.

Grades of Hardwood Lumber

Hardwood factory lumber is graded on a yield basis, measured on
the amount of clear or sound material that can be obtained from boards ,
in specified number of cuttings of minimum width and length (13). In
each grade a minimum percent of yield in clear cuttings must be obtained
in the number of clear-face or sound cuttings permitted.

Almost all hardwood lumber in the United States is graded and sold
under the rules of the National Hardwood Lumber Association. There are
outlined procedures and steps to be followed in grading lumber (13).

A reference to these rules shows that these rules, allowing for mini-
mum lengths and width for each lumber grade such as 6" x8' for F.A.S.

4" x6' for Selects and 3" x4' for all Common grades, provide the basis
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for determining the yield that may be expected from each grade. This
yield is determined by specifying the lengths and widths of cuttings re-
quired, and the number of cuttings permitted in relation to the total area
contained in the board. However, lumber grades generally reflect the
yield which can be expected within the minimum sizes permitted.

Some users recognize that there are variations in the types of boards
within each grade not indicated by the grading rules (4). These various
board types, although they do not affect the ultimate utility of the board,
due to the location of defects, do influence the yield of the board when
converted into the requirements of a specific industry. Dosker (4) clas-
sifies the boards into three types: (a) Rip type, (b) Cross-cut, and (c)
Neutral type, depending on the distribution of the defects along the board.
The type of board will determine whether it will be ripped or cross-cut or
both in order to obtain maximum yield.

The factors which determine the proper grade of lumbér from which
wood parts will be produced are the sizes which can be obtained, their
quality, and the percent of total yield. Another factor is the processing
cost which varies with the grade of the lumber input.

Log characteristics can greatly influence the grade of the produced
lumber and considerable variation may be expected in the type of board
within the species and the log from which they were produced.

The demand of the end-user for clear cuttings can better be satisfied
if the raw material from which they are produced is examined for its con-

ditions and variations. Sawlog characteristics such as size and location
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of defects are the factors which determine the sawing practices for the
production of grade lumber. The variations in log characteristics suggest
variations in the sawing practices. Therefore, an examination of the ef-
fect of log characteristics on the grade lumber yield is considered neces-

sary.

Distribution of Defects in Logs

Logs, unlike most other raw materials, due to their nature cannot be
appraised adequately for their interior conditions in terms of defects.
Thus it is very difficult to make precise predictions as to the value of
the lumber to be produced from them. It is principally the existence of
defects that determines the utility of logs for grade lumber production.

Sawlogs are seldom clear of defects. Some defects appear on the
outside surface of the log and are easy to detect. Knots, scars, frost
cracks, end checks, grub holes and bark distortions that clearly indicate
an overgrown knot are some of the defects that appear on the outside of
the log. Other defects such as mineral streaks, insect holes, overgrown
knots and rot are usually hidden inside the log. In many cases, the ends
of the log reveal some of these interior defects, like shakes, core rots,
and splits, thus giving an indication of their presence. In general, al-
though some of the defects can be noticed on the surface of the log or de-
tected from existing surface indicators, their extent inside the log cylinder
is very difficult to predict. An estimate only of the pattern of the defect

distribution and especially the existence and size of knots inside the log
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can be obtained by examining the size of the tree from which a log has
been produced. Larger trees usually have a thicker layer of knot-free
wood than small trees. On the other hand, extremely large over-mature
trees are usually more defective than young trees. As a rule, the defect
frequency in a typical hardwood log increases from the outside toward
the center of the log cylinder.

From the above discussion it becomes apparent that the value of logs
for grade lumber production varies widely for different logs due to size,
location and distribution of the defects. In fact these considerations are
the ones that will determine in the subsequent work the choice of the best
sawing method.

A log grading system is used to segregate the logs into value classes
according to their individual characteri‘stics. A grading system provides
a measure of log value that enables both the buyer and the seller to arrive
at a reasonable price for logs. It also provides a basis for the processing
method to be used in order to maximize the grade and volume of the pro-

duced lumber.

Hardwood Log Grades
Logs vary according to their diameter, their defects, location in the
tree and their length. Therefore, any grading system must first of all re-
late those log characteristics to the product that is to be cut from them.
The Forest Products Laboratory (21) has developed a grading system

which provides a relationship between surface characteristics of logs and
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the grade of lumber sawed from them. This grading system has been de-
vised primarily to (a) separate from wood-run logs those that are suited
for sawing into standard factory lumber, and (b) segregate such logs into
high, medium and low value categories as determined by the lumber-grade
yield pattern they will produce when sawed into lumber by a skilled sawyer.

According to the Forest Service Standard Specifications, hardwood
factory lumber logs are separated into three grades: F1l, F2 ahd F3. For
all three grades, there are limitations as to the log diameter, length,
number of clear cuttings on the grading face, sweep and crook allowance
and scaling deductions. Detailed specifications can be obtained from A

Guide to Hardwood Log Grading published by the Forest Service (15).

The advantages of this system (1) are that the value of a group of
sawlogs can be estimated and the lumber volumes and grades can be pre-
dicted correctly. The use of log grades allows for the assumption that
the average log in any grade . cut at one time, will be very nearly the
same as a corresponding log cut at any other time. Despite their advan-
tages, these log grading rules are too complex and include too many var-
iations and exceptions to be handy and easy to apply. They are too elab-
orate to be used with convenience and without any variances. In addition,
log grades include the element of uncertainty, because the assignment of

grade depends upon judgment.

Log Grades and Yield

A study by the Forest Products Laboratory of approximately 11,000 logs
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sawed at 28 mills, presents lumber yield tables by log grade and diameter
of the logs separate for several species (21). As it is shown in these
tables, the percent of the grade yield of lumber within a species varies
greatly according to the log grade, and less within the diameter range.
There are overlappings of course, but those must be expected since there
are variations in log qualities even within the same grade.

In general, these tables confirm the fact that the average lumber
grade yield of the three log qualities comes very close to the anticipated
when the output is grouped into No. 1 Common and better, and all cther
grades below this grade into a separate group. In that case and for red
oak (upland), which is also the species used in this study, the tables
show an average yield of 70 percent of No. 1 Common and’ better for log
grade Fl with the biggest portion of F.A.S., a 54 percent yield for log
grade F2 with the biggest portion on No. 1 Common, and a 32 percent for
log grade F3 with the biggest portion on No. 1 Common. In the latter
case and considering the overall output, the No. 2 Common and 3B Com-
mon seemed to be the predominant grades.

The lumber grade mix produced from log groups separated by size
varies within the same log grade when each log size is examined sep-
arately. These vériations may occur due to variations in the individual
log, but also due to variations in the sawing method or the human judg-
ment exercised in sawing. The influence of these sawing practices and
the involvement of human judgment will be discussed in the following

sections.
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Industry Practice

Sawing Practices*

The end use demand of the industry for clear lumber and the variations
in the quality of the input logs are the two principle factors which gen-
erate the need for and forces the sawmill operators to apply a variety of
sawingl practices when grade sawing.

The basic principle that governs these practices is that each board,
before it is cut, is evaluated on its own merit for its potential yield. The
potential grade of the four faces of the log are examined and the log is
sawed on the face with thé highest grade until the grade of this face drops
below that of the other faces.

During the processing, the logs are manipulated on the carriage in
such a way that as many boards as possible of the higher grades can be
extracted. However, the success of this processing method depends on
the general quality of the log and its size. Creighton (3) reports that
profit cannot be realized in sawing every log, as is the case with small
defective logs. In that case the grade yield advantages of the above
processing method may be offset when smaller and lower grade logs are
sawed, by the increase in the machine and labor cost associated with
log turning and handling and cutting individual boards as compared with

a gang saw process. Malcolm (11) , gives a detailed description of how

*In small sawmills where all cuts except edging and trimming are
made with the headsaw.
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logs of different qualities should be sawed for best results. He also out-
lines several procedures in selecting a sawing face, based on the surface
defects of the log and their distribution.

The application of these procedures requires a number of log turnings
and handlings. The conformity of these procedures to the requirements of
grade sawing makes such an operation a very complex one. Not only skill,
but knowledge as well as sound judgment is required by the sawyer who
decides how to proceed, when a specific pattern of defects appears.
Grade sawing know-how is of paramount importance in this operation.

There are two main variable inputs which determine the final output
of the mill: (a) logs of various grades, and (b) the sawyer's decision as
to the way the log should be sawed for better grade yields. While the
grade of a particular log cannot be altered as such, the sawyer's deci-
sions when he manipulates the log on the carriage can cause variations
in the grade output of this log. The effect of the sawyer's judgment will

be examined in the following section.

The Role of the Sawyer
Several decisions are required'in "grade sawing" in order to effec-
tively convert the logs into grade lumber. The sawing method used is
determined by a set of rules which the sawyer applies during the break-
down process of the log. The implementation of these rules is not auto-
matic, but depends on the sawyer's evaluation of the characteristics of

each particular log.
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The existence of the defects, the variation in their size, and espe-
cially their distribution occuring on a board's face, requires the sawyer’'s
judgment in order to evaluate it for its potential grade. Following this
evaluation, a choice must be made between cutting this board or turning
the log and cutting another face of higher potential grade. This kind of
selective sawing procedure must pay off, if the quality of the lcg processed
contains great percentages of high grade lumber which can be produced by
this method, thus compensating for the time and effort required. In this
case, the board-by-board decision made by the sawyer is a big advantage.
On the other hand, logs of low quality will require too much attention and
time which possibly will not be warranted by the small gain in grade that
will result. These low quality logs may be processed in a simpler way
determined by a single decision upon one view of the log.

The problem of grade yield of each of the log grades has to be inves-
tigated for the effect of the sawyer's board-by-board judgment. Such an
investigation may reveal to what extent this judgment helps to increase
the overall grade lumber. It may also reveal that with certain logs there
is no need for such a judgment since the character of the log itself ex~
cludes larger amounts of grade lumber or the time required to extract
higher grades of lumber is very high, making this operation tco costly.

The lack of precise knowledge as to what constitutes a maximum
yield or the percent lumber grade mix of the individual log does not allow

for a standardized sawing method to be used in order to compare the results
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of such a method. An investigation which will produce results of alterna-
tive sawing methods on the same log might indicate the possibility of the
application of such a method and also to what extent and with what grade
of logs this application will be more desirable. A procedure which will
relate the characteristics of a log with various sawing methods can help
the investigator to differentiate between the effect of log characteristics
and sawing method on the total lumber grade yield. If the same log can
be sawed several times with different sawing methods and the outcome
of this practice is evaluated in terms of grade of the produced lumber,
then this may point out the way to better understanding of the log value
and the yield variations as they are influenced by the sawing method.

Production data that are now available give yield and lumber grade
distributions in averages from a certain number of logs. Variations in
yield that may occur among the individual logs, or the causing factors of
these variations are hard to detect. Factors which can cause variations
can be the machine, the log, or the judgment of the sawyer. Excluding
variations due to machine, the other two factors are hard to determine.
As a result of this it is very difficult to determine exactly the impact of
log grade on the yield without having the log variations associated with
variations in the operator's decision. Yield records thus established in
most cases may not be considered as the bést measures of the obtainable
vields from logs if these logs were processed in the most efficient manner.

It is therefore desirable to eliminate other factors in the comparisons
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of various sawing methods, using a standardized process, and to evaluate
the resulting lumber grade of each method produced from the same log.
Ultimately, what is required is a suitable basis for choosing among the
alternatives and their results. A better understanding of the interaction
between log characteristics and sawing method will aid greatly in achieving

correct decisions.

Research on Yield Improvement

Past Treatment of the Problem

Literature dealing with subjects similar to this study is rather rare.
The following literature, however, can be cited as using techniques from
the area of "Operations Research"” and also related to the subject matter
of this study.

The effect of defect placement and taper set out on lumber grade
yields when sawing hardwood logs was studied by Malcolm (10). A sta-
tistically designed experiment was used to study the grade yields of red
oak species sawed by six sawing methods. The sawing methods tested
utilized two different positions of sawing faces relative to location of
major defects, and two degrees of taper setout. One of the six me_thods
was used as a control method in which defect placement and adjustment
for taper as such were ignored.

Average lumber grade yields and monetary values from all log grades
combined were compared with each sawing method. Yields and monetary

values of each log grade were also compared for each sawing method.
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Results as reported by Malcolm, show that ignoring taper and the
relative position of defects on sawing faces results in a loss of potential
grade. The placement of defects at the corner of sawing faces results in
higher quality lumber than when defects are placed in the center of the
faces. Full taper setout had a greater potential for producing higher lum-
ber grades than one-havlf taper setout. When taper was ignored, lumber
grades comparable to that obtained from full taper could be obtained from
similar logs having opposite low and high quality faces if the low quality
faces were sawed first. Sawing the low quality face first automatically
puts the high quality face parallel to the saw line, resulting in production
of full length boards from the high quality face.

Malcolm's study was based on present day sawing practices of log
turning, testing sawing instructions as they are given by the FPL, against
some of the variation, employed by the sawyers at the field, when grade
sawing.

Jackson and Smith (9) studied the problem of sawing the log in the
most profitable way consistent with the market requirements of various
lumber sizes. A linear programming technique was used to determine the
optimum combination of lumber sizes to be produced from each log size.
Sawing procedures were selected for each size that yielded the highest
net profit on the basis of the total amount of lumber of each size that can
be sold. Under this program all logs had been utilized by one process or

another. However, the most profitable ways of converting the log were
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not utilized, because some sales restrictions would have been exceeded,
resulting in excessive amounts of product for which there would be no
market. The above study was restricted to certain product sizes to dem-
onstrate the use of linear programming as a technique to determine the
optimum production combination which will maximize profits.

Linear programming technique was also used by Row, Fasick and
Guttenberg (19), in order to study sawing problems of a high speed southern
pine mill. The area of their study included four basic factors: (a) amount,
quality and cost of timber; (b) possible sawing patterns and their yield;

(c) machine time available on the mill equipment; and (d) sales requirements.

Data on yield of logs sawn by several patterns, the time requirements
of each pattern and log class, on each machine including restrictions on
machine time, were analyzed by linear programming technique. Although
the log and lumber grades of southern pine are different from those of hard-
wood and specifically red oak, it is interesting to noté their findings.

The grade of C and better and No. 1 lumber yield declined as the log
grade decreased, while No. 2 grade increased as log quality fell. The
log grade No. 2 seemed to be the break-even point of this study.

The influence of sawing pattern was significant only .in conjunction
with log grade and machine time. Their lumber yield findings by sawing
patterns were associated with bandsaws, linebar resaws, horizontal re-
saws and a sash gang saw. The mix of boards and dimensions cut was

reported in relation to the particular patterns of these machines.
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The authors arrived at best sawing patterns on the basis of the most
profitable ones, according to sales policies, and the cost of raw material.
As they point out, at any given price set the total recovery values will
vary with the sawing pattern and also, patterns that give the greatest
lumber yield return may not be the most profitable. In effect, the alter-
native machine time cost may exceed the gain from operations that in-
crease the product value.

An experimental approach to theoretical sawing of logs was reported
by Peter and Bamping (16). The authors analyzed the application of a new
technique for evaluating sawing methods. A log was actually sawed and
the defects were measured on the produced boards and plotted on an end
sedtion diagram of the log. By applying then a transparent overlay indi-
cating theoretical sawlines, grade and value figures of the (theoretically)
produced lumber were obtained.

Lumber yields were based on a "right cylinder," i.e., in a cylinder
determined by the diameter of the small end of the log, and "clear diagram”
faces were used as quarter sections of the log circumference in which nc
knot penetrated the "right cylinder."

Data based on this technique were reported separately by effect of
width, grade, and a combination of them, based on the number of clear
diagram faées and lumber value per thousand board feet.

A breakdown by sawing method on lumber values indicated that board

width values between log quality groups did not indicate any trends despite
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variations in the average diameter of the groups. The effect of grade
indicated increasing average grade values as the log quality improved.
When grade and width were combined, a value spread within groups and
a value increase between groups was observed.

Riikonen and Ryhanen (18) used a computer (mathematical) model in
order to find the best sawing method among different sawing alternatives,
which gives the most profitable economic results. Their basic approach
was a mathematical expression of produced board sizes along cone shaped
softwood logs, as the radius of the log changes at a distance X from the
large end. The effect of price and cost factors was used in order to im-
prove the reliability of the results obtained. The quality variations of
the raw material and product were considered by calculating parallelly
the results given by a good quality and a poor quality log, and placing

the results of individual logs between these extreme values.

Other Possible Solutions

Considering the nature of the raw material as well as its limitations,
the investigation of optimal grade yield can be approached in different
ways. One way would be a statistical approach, using a large size sam-
ple of each log grade used today. Thus, the difficulty of testing identi-
cal logs for this type of analysis may be overcome. The sample logs can
be processed in subgroups for various sawing methods, using one method
per subgroup. The results can be evaluated in terms of grade and volume,

averaging them for all logs of the same subgroup. The statistical approach
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can help in such investigations, provided that machine and human judg-
ment variations are considered.

The disadvantages of this approach are the cost and time required,
and the fact that alternative sawing methods have to be used in different
logs.

Another testing approach can be the use of a theoretical log. Experi-
menting with such a log, while it will fill the need for the use of the same
log for the testing of several sawing methods, is weak from the point of
view that it is not realistic. Any data derived from the experiment will
correspond to the constructed theoretical log and not to the actual 6ne.
Also, defects have to be generated which then increases the complexity
and the disadvantages of this approach.

A third approach, which combines the advantages of the two previously
mentioned testing methods, can be the simulation approach, with the use
of real logs. It is this approach which has been developed in this study

as a possible solution to the optimum grade yield problem.

Computer Simulation
Simulation—defined as systematic abstraction and partial duplication
of real world phenomena, activities, or operations—is used for the design
of a system in terms of certain conditions, and the analysis of specific
rules, policies and procedures (20). Further, simulation as a methcd for
systematic abstraction suggests the construction of a model used as a key

for the solution of the simulated activity. McMillan and Gonzalez (12)
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refer to simulation as the process of conducting experiments on the model
instead of with the real system.

Although a simulation model is fallible, there are a number of applica-
tions where it is preferred. In our case no other feasible experimental
means exist which can utilize the same log for various sawing methods.
Application of other techniques described above are not considered feasi-
ble due to magnitude of computations involved and the disadvantages men-
tioned.

For more information about simulation, one can review the existing
literature on this subject (7,14). At this point it is more desirable to
discuss how this technique can be applied to logs and, consequently, to
sawing methods.

The replication of the sawing activities is proposed to be done in two
stages. In the first stage an assessment of the log exterior and interior
characteristics will be made so that input data on the size, shape, and
defect location can be gathered. For this purpose the real log will be cut
into disks (elements) sufficiently small to reveal most of the interior de-
fects of the log. The disks are of discrete thickness, the same for all of
them. The circumferences as well as the defects on the face of the disks,
are measured and recorded. These measurements provide one set of input
data. Thus the location of the defects appearing on a board cut from that
log in any orientation relative to source reference plane of the defect along

the log axis can be determined.
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In the second stage the sawing methods, which become the parameters
of this study, are selected. One of the sawing methods will be that which
allows for the turning of the log. Other methods will be those that allow
the use of the gang saw in one or two passes. In all these methods thé
position of the log in relation to the outside main characteristics will be
considered. These sawing methods provide another set of input data.

The computer program which was written for this study, utilizing the two
sets of input data plus appropriate instructions, is used to simulate the
sawing activity. A detailed description of both stages is presented in
the next section.

This technique allows the same log to be sawed several times and
also the test of any alternative hypotheses desired on real logs, taken in
small sample size. The approach becomes feasible in the event of com-
puter use, which permits enormous saving in time and cost.

The simulated log breakdown operation can be used to synthesize a
basic sawing method, based on present day sawing practices, against
which the results of alternative methods can be compared. The principles
of other sawing machines, such as gang saws, can also be introduced by
assigning their operating characteristics as program parameters. The re-
sults of the same log can be compared with those obtained from machines
used at present.

Major advantages and disadvantages of a simulation model are cited

below (17).
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Advantages: 1. Provides better understanding of the system by those
who operate it.

2. Results in quicker acceptance of proposed changes be-
cause, once the operators of the system understand and
accept the description of the system given by the model,
they can proceed with the evaluation of the assumptions
contained in the input data and the implications of the
output .in future decisions.

3. Can stimulate and produce ideas. When the model is
completed and tested for reliability, new operating con-
cepts can be advanced.

4. Promotes complete analysis. Analysis of the operational
factors can be expanded to great depths.

5. The model does not depend on a mean or median value
in order to describe a variable. The complete range of
variables, as wel.l as their relationships, can be intro-
duced.

Disadvantages: 1. The modelling process may invite excessively unreal-
istic assumptions. The quality of these assumptions
determines the value of the model.

2. Obtaining accurate input data is a difficult problem, often
underestimated or neglected.

3. Model developers can easily become technique oriented

rather than problem oriented.
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4, Simulation models permit evaluation of ideas created by
the human mind and therefore they are only as good as
the ideas are.

In the present study, due to the destructive nature of the technique
used for the production of the input data, the log cannot be processed for
lumber production. Therefore, there are no real standard results for com-
parison. Also, certain necessary simplifications are introduced in order
to carry out the simulation. For example, the output of the simulated
sawing is presented as printed pictures of boards. Due to printer limita-
tions various errors in the size and shape of the appearing defects, to be
discussed later, will be unavoidable. The output shows one face of the
board only. (Note, however, that in this case both faces are alike and

either choice would represent "poor face.")



III. METHODS AND PROCEDURES

The Source of Data

The Raw Material

The simulation of the log breakdown operation was accomplished with
the use of information' obtained from red oak logs. There are several
species included under this name, all belonging to the Erythrobalanus
group. Because the wood of the species included in this group cannot be
identified with certainty, any reference hereafter to the species will refer
‘ to this group.

Red oak was selected because of its importance to the hardwood-using
industries. The wood of this species, as in the white oak, is generally
straight-grained, heavy, strong in bending and endwise compression, and
high in shock resistance. Further, it macﬁines well and finishes smooth.
Due to these characteristics red oak lumber is widely used in flooring,
where its hardness, high resistance to abrasion, and ability to finish
smoothly makes it most desirable. It is also greatly used in the furniture
and cabinet industry and in general millwork.

A total of six logs were used for this experiment, with two logs as-
signed for each log grade. The selectéd logs weré graded according to
the U. S. Forest Service standard grading rules (15). After the grading

each log was numbered with a grade, and a serial within the grade. Thus
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the logs were numbered 1.1 and 1. 2 for the top grade . 2.1 and 2.2 for
the medium grade, and 3.1 and 3. 2 for the low grade; The diameter of
the logs at their small end were: 13 inches for both 1.1 and 1.2 logs,
11 inches for both 2.1 and 2.2 logs, and 15 and 13 inches for logs 3.1
and 3. 2 respectively. The length of the logs varied from 10 to 12 feet.
In this experiment they were arbitrarily set to an eight-foot length, with
the sole purpose of reducing the time and effort required for the execution
of the work.

It is realized that most of these logs were not average logs for their
respective grades. For example, the diameter of log 1.1 and 1. 2 was the
minimum diameter required for logs of this grade. The diameter of logs
2.1 and 2.2 was also the minimum diameter for that grade. In addition,
the reduction of their lengths into eight feet, further contributed to the
deviation of the aforementioned logs from an average log of their respec-
tive grade. The logs were chosen at random from a limited. supply, and
therefore the choice was made between a few logs of each grade. ‘All
logs were purchased at a local sawmill, where they were also marked and
disked in ordef to expose and measure their internal défects. * An end
section diagram of the logs with projections of all outside defects, is

given in Figure 1. (Scaled illustrations of all logs are given in Appendix B.)

Log Preparation

Before the logs were cut into disks for the measurement of the internal

*A cut-off, De Walt, radial arm saw was used. The saw utilizes a
40-inch blade and is driven with a manual crank.
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defects, and in order to be able to reconstruct their shape, they were
marked along their long axis. Each leg was balanced on one face, and
a vertical line was drawn passing through the pith at each end. Then
another line was drawn, perpendicular to the first and again passing
through the pith. These axes, designated as X and Y on both ends of the
log, were used as the ends of three marking lines cut with a portable
electric circular saw, along the log's long axis (Figure 2). After each
log was marked, it was sliced into disks of one-inch nominal thickness.
The actual thickness of the disks was one inch minus the kerf, or a net
thickness of three-quarters of an inch. In the present study, the disks
are taken at their nominal one-inch thickness. All disks were numbered
in a sequence as they were cut, stafting from the small end of the logs.
A total of 96 disks was produced from each log.

Slicing the log into disks, rather thanl boards, greatly facilitates the
precision and convenience of data recording. Disks are closer to a real-
istic situation, where the shape of the circumference—not likely to be
circular, or otherwise uniform—can better be traced as it varies along
the long axis of the log. Disking also fits better with the developed
technique for circumference and defect recording; This technique, as it
will be explained further below, enables one to handle the whole log rela-
tively easily.

If the logs instead were to have been sawn into boards, the inside

defects similarly would have been revealed. Transformation of all defect
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locations from board to disk format could be r'nade} This method, however,
cannot conveniently give the shape of the logs as is the case with disks.
Crooked logs, for example, would bev difficult to trace—particularly for
slabs falling short of the full length of a log. Also, e‘spe;:ially for léng
logs, the actual process of measuring defect locaﬂons on boards as against
disks would be tremendously more c'umbersome.

The disks were made one inch thick so measurements of the defects
couldybé taken according to their actual size and location inside the log
in discrete, uniform data 1n'qervals. The transposition of these defects
to the resulting boards was thus performed by projecting one-inch units
of defects on the boards' faces. This established a control procedure
that permitted cross-checking the location of defects ih the board and
log by measuring the distance of the defect along the boards and matching
it to the disk cut from the log at the distance in inches indicated by the
disk number.

After the logs were cut into disks, the three lines marked along the
logs appeared on the circumference of each disk. These three marks were
used as the reference points for the placement of the disk on the measuring

device.

Circumference and Defect Recording Method
An important aspect of this study was to develop a method of recording
directly the circumference, as well as the size and location of the internal

defects of the logs. A coordinate system of X and Y axes was used for
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that purpose (Figure 3). A grid was drawn, on a transparent polyethylene
sheet, consisting of 100 by 100 squares. These squares, a quarter of an
inch each, were used as the measuring units for both the circumference
and the defects of the disks. Circumference points were recorded by the
coordinates of the unit which included these points. Each defect was
also given in units instead of its absolute size. Thus, the error that
automatically was involved in this type of measurement was limited to
the range of zero to one-quarter of an inch. Defects covering any part
of a square were considered as covering the whole.

The advantages of this approach are that the size o‘f the defect can be
measured in discrete units whose position on the face of the disk can be
recorded by standard X and Y coordinates. Each pair of coordinates gives
both the size of the defect and its locatjion.

The disking procedure permitted measurement of the circumference of
the log and the log defects to be taken in intervals of one inch. When
the three circumferential marks on each disk were placed on the coordi-
nate system grid, any variance from thé hypothetical line. connecting the
two end-centers of the log or any change in its diameter was immediately
indicated and recorded—to the nearest inch for the former, and quarter of
an inqh for the latter.

Since each disk in a given location represents the whole log in that
particular distance, cutting the logs into one-inch thick disks satisfied

the need for a three-dimensional reading. Also, defect readings were
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facilitated under the assumption that any defect appearing on one face of
the disk extends for one inch inward. Readings of the defects were taken
on the front face of each disk, in the two dimensions, X and Y. The depth
dimension, being one inch, was introduced automatically.

In cases where face defects do not extend to the depth of one inch
—i.e., back clear—then there is an error in the reading of approximately
a quarter of an inch to one inch. This error, however, is balanced by the
assumption that face defects of consecutive disks are continuations of
the previous disk's back defects. For example, a defect appearing on
the face of disk No. 73 is considered to be also the back of the preceding
disk, No. 72, even if disk No. 72 has a clear front face. Under this as-
sumption, measurements were taken only on the front face of each disk.
This had the effect of cutting the working time by 50 percent. For practi-

cal applications of this experiment, this is a considerable reduction.

Recording Procedures

In order to obtain the coordinates of the circumference of the disks
and the location of the defects, each disk was placed underneath the
transparent grid. The two opposite marking points were placed on the Y
axis at X=50, and the third on the X axis at Y=50 (Figure 3).

All four points of the circumference at X50 and Y50 were recorded, to
the nearest quarter of an inch. Any other salient point was also reccrded
so that the actual shape of the log easily could be reproduced during the

processing of data by the computer. Next, the defects on the face of the
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disk were measured to the size of quarter of an inch square units. Defects
larger than one squate inch were recorded in units of one square inch and
were especially coded with the number one so that the final reading will
appear again in quarter-inch units. Distinctions between defect and cir-
cumference recordings were shown by assigning the code number two to
the latter type of data.

Measurements of each unit defect were recorded, first for the X axi§
and then for the Y axis. Since the diameters of the logs used were greater
than 10 inches, the grid was divided from one to 100 units in both the X
and Y directions. Thus, each measurement was represented by a pair of
numbers, each containing from one to three digits. In the case of this
experiment, all data occurred as two-digit numbers, except when units of
one square inch were measured. In those special cases, the additional
code number preceded the others. As an exémple, the reading of a defect
indicated with the number 3964 means that this defect is located at X39
and Y64. A 13964 means that this same unit should be expanded to the
right and down for four units (one square inch), thus including a total of
16 units. A number 23050 should be read as a point at the circumference,
as indicated by the initial number 2, and that this point is located at X30
and ¥Y50.

Making it a practice to read first the X's and then the Y's, it becomes
a routine process to measure and record any desired point on the surface

of the disk. The time required for this work varies with the quality of the
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log and the number of defects appearing in its particular disk. In any
event, it takes between two and 15 minutes pér disk, or 192 to 480 minutes
for all 96 disks of a log. Later in this study a new technique wjll be de-
scribed, involving a digitizer device, which cuts the time requirement

to a very small portion of the above mentioned.

Computer Simulation

Preparation of the Input Data

All the data derived from the measurements of the disks were punched
on data processing cards. A very simple coding was used for this trans-
formation. It was mentioned previously that the number one in front of
any pair of coordinate numbers indicated a square of 16 units, and that
the number two was used for circumference points. Therefore, the maxi-
mum number to be recorded for each measurement was a five-digit number,
requiring five columns on the data processing card. (Where no special
code designation was required, the first column was left blank.)

On each card, out of the 80 columns available ,A the first five were
reserved for log and disk identification. Columns 6 to 55 were used for
circumference readings, and the remaining columns for defect readings.
When one card was not enough, the remaining data were punched on a
new card, starting in column six. Some disks required as many as ten
cards.

A computer program was written for the execution of all calculations
required in this study. The final program, written in FORTRAN language,

was executed on the CDC 3600. This program is given in Appendix B.
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Sawing Methods

Sawing methods can be divided basically into two categories: sawing
through, or live sawing, and sawing around the log. Through sawing con-
sists of parallel saw cuts through the log. It may require one turning of
the log, or no turning at all if a gang saw is used. This kind of sawing
can be used with both circular and gang saws. Sawing around the log re-
quires turning of the log two, three or more times. Various sawline com-
binations can be used in this type of sawing. This kind of sawing can be
used in circular or band saw operations.

To make the applicability of the present study as broad as possikle,
a variety of presently used, basic sawing methcds was chosen. The only
requirement was that some of the methods be usable on both circular and
gang saws. Since the effect of outside characteristics of the log on the
grade yield would be, in studies of this kind, the main criterion in eval-
uating the results of each method, four different positionings of the sawing
faces of the log—relative to the main outside defects—were used (Figure 5).

Altogether, three sawing methods were employed in the simulated log
breakdown operation (Figure 4). They represent basic sawing methods
from which other combinations can be derived. All the methcds used one-
half taper and were applied twice to each log: first, with a one-fourth of
an inch kerf to simulate circular saw cutting, and second, with a one-

eighth of an inch kerf to simulate gang or band saw cutting.
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From the three methods used, one—the grade sawing method—was
designated as a control against which to compare the grade yields of the
other methods. This method, described below as Method No. 3, is a
synthesized method. That is, after the log was cut into boards by sawing
through, the produced boards were used to develop manually a sawing
pattern based on present-day sawing practices. The procedures followed
in this method are described in the following section. At this point it
must be stated that although Method 3 is a simulated method, the com-
plete simulation involves the results of the computer sawing, and the
manual manipulation of the resulting boards, to achieve the pattern cor-
responding to Method 3. Therefore any reference hereafter to Method 3,
will imply both computer and manual simulation.

The methods used in this study are the following:

1. All logs were sawn by through sawing, in four different posi-
tions each 45 degrees apart. This method allowed for posi-
tioning the sawing faces between defects, at the center of
the defects, and parallel to them.

2. All logs were sawn in four different positions, as in Method 1.
Cants of four and six inches were left to be sawn by a gang
saw.

3. All logs were sawn by through sawing, in two positions:
first, placing the sawing face between the major outside de-
fects and sawing through; second, by sawing perpendicular
to the first cut. The boards produced by these two sawings
were graded manually, and were used for the "synthesized"”
sawing pattern referred to above.

In the simulation, each log was sawed 14 times: four for Method 1,

eight for Method 2, and two times for Method 3. The use of two kerf sizes
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increased the number of simulated sawings to 28. Multiplying the number
of sawings per log by the total number of logs results in 164 sawings.
This can be compared to the 164 logs, which would be needed to apply

these sawing methods on a one-to-one (non-simulated) ratio.

' Sawing Program

The first requirement of the sawing process was to select the initial
sawing face. In the previous section, in describing the sawing methods,
it was stated that each log was sawn in four different positions, using
Methods 1 and 2, and in two positions using Method 3. The best sawing
face of each log was one of the four sawing faces, but not necessarily
the first one sawn. The following is an explanation of how the logs were
cut in this study. The same procedu}e can be used as a general guideline
for any given log.

The starting point for the sawing of all logs was the mark corresponding
to Y=50 and X=30 in Figure 3. (Figure 3 in this case is considered as rep-
resenting the end section diagrams of the logs shown in Figure 1.) This
point is assigned to a line forming a zero degree angle with respect to the
X axis. For the sake of simplicity, and in order to illustrate the procedures
followed, let us consider a circle representing the end section diagram of
a log. The three marks previously explained are placed on the same cir-
cumference locations as in the real logs (Figure 5). A rectangle (efgh) is
inscribed in the circle, dividing the circumference of the circle into four

equal parts. The inscribed rectangle is oriented in such a way that its
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top and bottom sides are parallel to the X axis and the left and right sides
are parallel to the Y axis. Thus the projectionbs of the three marks are

located at the centers of the three respective sides of this rectangle.

The face (ef) denoted by the left side of the rectangle is the first face to
be sawn. Starting from the zero degree point, the log is sawn completely.

By rotating the log counterclockwise 90 degrees, the top side of lthe
rectangle (fg) is brought into a vertical position, thereby putting the second
mark at zero degrees. This point now becomes the reference for sawing
the log in the second position.

If instead, the log is rotated counterclockwise 45 degrees, the top
side of the initial rectangle is brought into a position (f'g') where the
second mark is placed at 45 degrees on the circumference of the circle.
This side describes a new rectangle (e'f'g'h' in Figure 5) which designates
the new sawing position of the log. In this manner any other selected
sawing face is represented as the side of a rectangle. The center point
of this selected face, projected on the circumference of the log, gives a
point to which an angle is assigned, measured from the point designated
as zero degrees.

In this study, for programming convenience, the logs were sawn at
0, 45, 90, and 135 degrees, which represented four sawing faces given
by the two rectangles of Figure 5. The 0 and 90 degree positions are
given by the rectangle efgh, and the 45 and 135 degree positions by

the rectangle e'g'g'h’. For simplicity of notation, positions ef, f'g’, fg,
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and g'h' will be referred to as A, B, C, and D respectively. In the sim-
ulated sawing, any rotation angle can be assigned, and any face can be
sawn. Assigning the rotation angle in increments of one degree, for e%—
ample, will give 360 sawing faces.

The above described sawing faces were used for all logs when using
Methods 1 and 2. The logs were sawn live in both methods. In Method 2,
however, a cant was left after each sawing. The size of this cant was
measured from the center of the log as given by the coordinates X=50 and
Y=50 (Figure 3). One-half of the cant size was measured to the left of
that point and the other half to the right of it. Since the sawing starts
from the left side, the left half of the‘ cant may fall within the board limits
of the last board before the cant. In such cases, the position of the cant
was shifted to the right at a distance equal to the overlapping, plus the
kerf size, and the board was cut to full size. The computer then, is in-
structed to jump the assigned cant size and continue the sawing process
to the right by leaving a kerf. The remaining cant is sawn by rotating the
log 90 degrees.

Method 3, the simulation of present sawing practices, was carried
out by "sawing" the log live twice. First, the best sawing face was
chosen among the four faces described earlier. Starting from the selected

face, cuts were made parallel to the Y axis.* Then, turning the log 90

*Starting points for the saWing of these faces were: log 1.1, 135°;
log 1.2, 09; log 2.1, 1359 log 2.2, 09 log 3.1, 90° and log 3.2, 45°
(Figures 1 and 5).
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degrees, it was sawn again. Thus the quality of each set of boards was
revealed, as sawn with respect to the X and Y directions.

After the produced boards were graded manually, they were used to
synthesize a basic sawing pattern equivalent to the actual praétice fol-
lowed by sawyers as they work their way into a log. That is, the initial
choice was made among the four boards—the first and last one from each
live sawing. In each case, the board of the highest grade was identified
and selected. Next a comparison was made between the grades of the
remaining three boards and the board immediately alongside the one se-
lected. This process was continued to the last board, always by "turning”
the log and selecting the best remaining complete board or—where previous
sawing had removed some of the width—the best remaining partial board.
In cases of equal grade boards, the wider was chosen. If there was equal
grade and width, the choice was made arbitrarily. Thus a sawing pattern
was developed which came close to the one that would have been followed
if this log actually had been sawn.

The simulated sawing process can be described briefly as follows.
The computer program first locates the starting point or zerc degree angle.
Then, perpendicular from the zero degree center of the assigned sawing
face, it proceeds in opposite directions with one-quarter of an inch in-
crements until it reaches the limits of the log cylinder. The two opposite
limiting points specify the width of the board. Next, the scanning pro-

ceeds inward in increments of one-quarter of an inch until it reaches the
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assigned board thickness of one and one-eighth inch, and allowing for the
specific kerf size, recycles the entire process further into the log.. When
the log is rotated, by any assigned rotation angle, the same process is
repeated, just as if we were dealing with a new log.

The model also scans the log for defects and counts the number of
all defect units, by quarter-inch squares, in a sequential order. It starts
from the first disk and one defect unit, and penetrates through the cylin-
der of the log until all disks are explored for defects in a position given
lby the coordinates of the first unit defect. The process is repeated until
all unit defects appearing in any disk's face are checked and counted.
The output of this searching is printed under the printout of the board
produced from the log. Each board includes the defects encountered in
the area occupied by this board inside the log.

For all three sawing methods, to handle the problem of taper, the
circumference of each log was rounded in the shape of a cylinder. " This
rounding was accomplished by using the four opposite circumference
points of the small-end disk. Thus taper adjustment during the operation
was avoided.

Another factor considered was the size of the kerf. The two kerf
sizes Vused for each method and log were introduced into the model so
that comparisons of the influence of kerf on the grade of the resulting
boards could be made.

The effect of cant production was investigated by introducing two



46
cant sizes on all logs sawed. Although maximum lumber grade is the con-
trolling factor in grade sawing, producing cants from the heart portion of
lower grade logs may increase their overall dollar return.
Finally, to bring the simulation still closer to industry practice, the
boards produced by all methods and from all logs were edged to the. width

of the small end and trimmed one inch at both ends.

Operating Characteristics of the Model
In order to simplify the problem certain limits were introduced in the
simulated break-down operation. These limits—in the form of model ele-
ments, and policies for the execution of the work, and sawing rules—were:

1. Elements: (a) cut the log into lumber; (b) rotate the log, or
coordinate system, by 45 degrees; and (c) rotate four times.

2. Policies: (a) use one particular method at a time; (b) repeat
it with all methods assigned; (c) leave two cant sizes when
sawing with Method 2; (d) saw first on circular saw and next
on sash gang saw; and (e) shift cants sawed with Method 2
to sash gang saw by turning them 90 degrees, and saw in
one pass.

3. Rules: (a) saw one and one-eighth of an inch thick lumber
only, and accept boards three inches wide or more; (b) change
sawing method after the log is completely sawn; (c) cut log
completely with all methods before shifting into another log;
(d) cut only in X or Y directions; and (e) change design
(machine) when each cut is completed.

The simulated rotation of the log was accomplished by rotating the
X-Y coordinate system, using the general mathematical formula:

X1

XcosB +Ysin®

Y1

- Xsin8+Ycos®@

where X1 and Y1 are the coordinates of the new system having the same
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origin as Xand Y. A given defect unit will have two pairs of coordinates,
and the relation.ship between these coordinates involves the angle 8.
The new X1,Y1 system is obtained from the X,Y system by rotation through
the angle 8. In this program 6 was equal to 45 degrees (Figure 6). With
the use of this formula, the defect location on the plane Qf each disk was
rotated to new positions as the requirements of the log's positioning de-
manded.

Finally, a test is built into the program for checking the accuracy of
the output. This check is accomplished by printing out the following three
characteristics for comparison with the measurements obtained from the
actual cutting of the logs:

1. Coordinates of the end section of the log circumference
2. Coordinates of each board produced from the log

3. Coordinates of a unit defect on the face of the board.

Lumber Grading

The lumber produced by the simulated sawing was graded manually.
A modified version of the National Hardwood Lumber Association grading
system was used. Under the modified system, the grades of "select"
and "sound wormy" were not considered. All boards were graded on the
basis of defects with no allowances made for pith, wane, or split. Any
kind of defect appearing on the face of a board—including mineral streaks
and spots—was considered the same as any other non-acceptable defect.

The minimum sizes of the boards under this modified system were the same
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X1 Y1

o (X,Y) in XY-System
X1,Y1)in X1Y1{-System

Fig.6. Simulation of Log Turning by Turning the X=-Y
Coordinates
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as in the N,H.L.A, rules. All the boards were measured for their width
to the nearest one-quarter of an inch.

The simplified grading system used in this study was chosen purely
as a matter of convenience, to achieve the kind of analysis attempted
here. It would be recalled that during the investigation of the interior
. defects of the log all defects were recorded in the same manner, with no
distinction made for defect types. Thus not only was defect recording
simplified, but it was possible—in projecting the defects from the disks
onto a board face—tovuse the same technique for all defects. All defects
therefore appeared as being of the same quality.

The grading system of this study is not associated with the model
and is not an inherent limitation of it. In cases where the N.H.L.A. rules
should be used, defect types could be coded individually using a larger
set of data columns to record the observations, so that they may appear
on the face of the board. Therefore, any yield figures derived from the
produced boards and graded with the presented system should be con-
sidered for their value as related to this study only. They may not be

applicable elsewhere.

Yield Evaluation
The evaluation of sawing methods was done by computing the grade
volume recovery by each method, separately for each log. A price-grade
ratio was used in order to put the results of all alternative sawing methods

on the same basis. The monetary values used were based on the July 22, 1967
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Hardwood Market Report for plain sawed 4/4" red oak (F.O.B. Mills-
Wausau, Wisconsin area). They were as follows, in thousand board feet:
FAS, $230; No. 1C, $140; No. 2C, $80; No. 3A, $60; and No. 3B, $54.
The total sum;, estimated by adding the value of all grades recovered by
each method, was standardized to an equivalent value in thousands of
board feet based on log scale. (The tabulated results of these evalua-

tions are presented in Appendix A.)

Analysis of Variance

The yield value results of the sawing methods for each log grade,
and for all grades, were tested with an analysis of variance which com-
pared methods and grades and their interaction. The purpose of this test
was to find if the mean yields for the sawing methods tested differed sig-
nificantly. In this way, it may be determined whether the interacticn of
log grades used and sawing methods is important affecting the results.

The results of this test, although severely limited by the very small

number of observations, are discussed in the following section.



IV. RESULTS AND DISCUSSION

Evaluation of the Model

Model Characteristics

In a sawing operation, the most important consideration is the effect
which various judgments, made in the form of sawing methods, will have
on total profits. A simulation model offers the possibility of testing these
decisions outside of the real system and of measuring the effects on total
yield of various log grades. The various sawing methods chosen to be
tested become parameters in the simulation model.

Two sets of data are introduced into the model. The first consists of
data describing the raw material being processed. The second, consisting
of data corresponding to decisions previously made, sets the parameters
of the model. It is the second set of data which causes changes in the
variables, reflected in the output which is used for analysis and evalua-
tion. The output data are measurements of the effect of the interactions
between the raw materials and the sawing methods. Therefore, essential
characteristics of the model are the type of input data and the form of the
output data. In order to run the model, instructions are needed for proces-
sing the input data and producing the output data. If the purposes of the
simulated model are to be fulfilled, the greatest advantage will be an in-

creased understanding of the complete operation cycle.

51
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The Experimental Model

It will be recalled that the main objective of the study is to construct
and test a model which would provide a means for the same log to be sawed
with‘different methods. The model has been tested for its workability and
" has been proven to fulfill the purpose set for this study. The interaction
of elements, policies and rules introduced into the model to accomplish
the sawing program outlined under Methods and Procedures achieved the
first objective of this study. A schematic répresentation of the model in
the form of a flow diagram is given ih Figure 7.

The output of the sawing program includes, for each sawing, a cal-
culation of the resulting sizes and volumes of individual boards, and the
total yield. Also presented are the number of clear cuttings and cutting
units required for each grade of lumber, based on the surface measure of
the individual boards (Figure 8). Thus, the first step in demonstrating
the workability of the model was accomplished.

The model has been used to saw one-inch thick lumber. Yet the form
is such that it allows for any other thickness, or combination of thick-
nesses, which may be desired. The same holds true for the cant sizes.
Although four- and six-inch cant sizes have been assigned in the pilot
runs, the model is written in a form such that any size can be assigned.
Increments for both thickness of lumber and cant size can be used from

one-quarter of an inch and up.‘
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A rectangle indicates any processing
operation except! a decision.

A diamond indicates a decision. The lines
leaving the box are /labeled with decision
results that cause each path to be followed.

\ / A trapezoid indicates an input or output
operations.
An oval indicates the beginning or ending
point of the program.

> Arrows indicate the direction of flow
i through the flowchart, every line should
have an arrow unit.
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The rotation angle of the log, which for this study was set to 45 de-
grees, can also be altered to fit any specific requirement. The decision
to use a 45 degree rotation was based on the assumption that changing
the position of the log by 45 degrees places the sawing faces between
the knots, at the center of the knots, and parallel with the knots.
The major advantages of this model are:

1. It offers an analytical technique to investigate log yields, .
which otherwise may be very difficult to achieve in as com-
plex a problem as the breakdown operation. In a production
problem of this kind, trial and error procedures would be

very expensive and time-consuming. It is here that the sim-
ulation model can offer a great contribution.

2. There is no human decision and participation during the com-
puter simulation. The problem is entirely structured before
the simulation is run.

3. Evaluation criteria are provided. In addition to an attempt
at maximizing lumber grade yields, other specific measures
such as kerf waste minimization, optimum log diameter-cant
size relationship, and variable processing time might be used.

4, It appears possible that the interaction of the inputs can be
simulated in a manner which will lead to a new understanding
of the functional relationships involved.

Major disadvantages of the model are:

1. Taper removal. It will be recalled from the earlier discussion
that taper is removed equally from both sides. Taper adjust-
ment is avoided, since before the log is "sawed" it is treated
as if it were in the form of a cylinder. The model at its pres-
ent stage does not provide for full taper removal.

2. The number of defect units, appearing in the face of each
printed out board as individual dashes, may not always co-
incide with the total number of existing unit defects. This
is so because defect units up to three—in our case—may be
covered by the first defect and they are not projected on the
face of the board. Thus there is no way of knowing the depth
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of board face defect. With one-inch thick lumber it is not
far from reality to assume that the depth of each unit defect

is one inch. However, with thicker boards it may present
the investigator with a problem. The model can easily be

modified to cover this limitation by assigning different char-
acters, in addition to dashes as defect units. These could
occur by quarter of an inch intervals.
The important characteristics of the technique are:
1. The input data can be empirically derived.
2. There is a wide flexibility in the choice of procedures.
3. The essential nature of the model—including the manual

manipulation of the boards in Method 3—is a step-by-step,
microanalytical portrayal of the physical system.

Pilot Project

Experimental Runs

The pilot experiments discus sed below were undertaken for the purpose
of testing procedures, evaluating the operational feasibility of the model,
and developing hypotheses and ideas.

More specifically, the pilot experiments were undertaken to show:
(1) if the model constructed for this experiment functions when actual data
are introduced, and (2) if results can realistically be portrayed in terms
of board grade variations. It should be stressed that the grades of the
lumber used to evaluate each method were designed specifically for this
study. Therefore, the evaluation of the results corresponds to these par-
ticular grades only. The grades themselves were used to focus attention
upon the results ofi decisions that weré made in the course of the simulated
activity. The analysis of the results, then, is to be considered as offering

an illustrative example of the methods.
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All logs were processed several times, in different positions and with
different kerf sizes. The simulation of the breakdown operation included
the following methods and machines (Figure 4): (a) Method 1 - using a
circular saw and a gang saw. (b) Method 2 - using a gang saw and leaving
a cant of four inches on the first trial and six inches on the second trial.
(Both cants were turned 90 degrees and were sawn again on the same saw.)
(c) Method 3 - using a circular saw and sawing by "turning" the log.

For each run, the important consideration is the overall value of the
product of each log grade. This value was calculated from the proportions
of the various grades of lumber produced during each trial. The obtained
values were then added, and the sum was standardized on a thousand
board feet log scale basis. Values based on a log scale are desirable in
order to determine value differences on the basis of the same denominator.
Also, because logs are purchased on a log scale basis, lumber yield values
can be referred to the same basis as log values.

Calculation of the yield values from the alternative sawing methods
was based on the lumber yield obtained, with no regard to processing cost
of the logs. Although the best analysis would result if such costs were
included in calculating the value yield of each method and log grade, only
the purchasing cost was available for use here. An evaluation of the sawing
methods offered here, therefore, hasthe purpose of pointing out the differ-
ences among methods, and among various positions of the same log within
a method. It does not give precise information as to the actual profit or

loss achieved.
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In order to find the purchasing cost, a log grade-price scale was
used. The log prices were taken from those prevailing in the local market
during the summer of 1967. They were adjusted to the log scale used to
evaluate lumber production. * The adjusted log prices were as follows:
$53 for log grade No. 1, $40 for log grade No. 2, and $33 for log grade
No. 3. Net value yields of the produced lumber were estimated by sub-

tracting the log purchasing cost of each grade of log from the yield value

obtained when the same log—via simulation—is sawed with different methods.

The results are presented in Table 12 of Appendix A.

The utility of the model as a method of' investigation is demonstrated
with the tables cited in Appendix A. Results of circular sawing and gang
sawing of the same log, when sawing througﬁ 6r when a cant is left, can
be compared among them or with the results obtained by using present day
grade sawing practices. Thus the second objective of this study has been
achieved.

When a comparison is made between the results of Method 3 and those
reported in publications, one should be careful to consider the factors

noted in earlier parts of this study. There are obvious differences be-

tween the'yields obtained in this study and the published yield figures (20).

In general, the results in the present study were lower for the higher grade
logs,. and higher for the lower grade logs, as would be expected from the

analysis of the sample logs referred to in earlier pages of this study.

*Original prices of Doyle scale were adjusted to International 1/4
inch scale prices. :

B
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Several explanations can be given for the observed differences in log
yield. First, the logs used for the simulation were not average logs for
their respective grades. Logs 1.1, 2.1 and 3.2 werekmost atypicél of
logs for their érade. On the basis of‘ their appearance the logs were clas-
sified as grades No. 1, 2, and 3. When cut into disks, however, the
logs which had been graded as No. 3 proved to be of a better than aver-
age quality for that grade. Those which had been appraised as No. 1
grade turned out to be poorer than average for that grade. This observa-
tion points out the need for the simulation technique for the investigation
and possible re-evaluation of the existingvlog grading rules. (This sub-
ject will be discussed further in the next section.)

Other factors contributing to the different yields obtained in this ex-
perirhent were the diameter and the length of these logs. It would be re-
called that the diameter of four of the logs was the minimum diameter for
their grade. The length of these logs was arbitrarily set to eight feet,
which further reduced to a certain percent the volume of higher grade lum-
ber. The lumber grading syStem used in this study was another factor in
reducing the percentage of higher grade lumber. Boards which otherwise
should have been graded aé "select," for example, were classified as
No. 1 Common.

Finally, an important observation brought out by the experimental
runs for cant production is worth mentioning. Because of the restrictions

imposed on lumber size, several potential boards were not produced. These
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were the boards which failed to meet the required minimum thickness of
one and one-eighth inches. Test runs for three, four, five, and six inch
cants clearly indicated a relationship between volume and cant size. When
cant sizes are arbitrarily set without regard to log diameter, as was the
case in this experiment, it is possible that certain parts of the log around
the circumference are wasted. These are the parts which do not meet the
lumber size requirements. Thus, a potential piece of perhaps high grade
lumber is missed.

Despite these limitations, the indisputable fact is that the same log
—when cut in different positions and with different machines—produces

different results. In Table 1, for example, for log No. 1, the yield of

No. 2 Common varies from 14 percent (position D) to 78 percent (position B).

Comparisons of Results

Comparisons of the results of Method 1 and 2 with those of Method 3
(the control method) can be made in two ways: first, by comparing the
volume yield of each method, and second by comparing the value yield
attained by grade variations within each method and log grade, which can
be expressed in dollars per thousand board feet log scale basis. The
comparison of volume differences for the average of the two logs of each
grade shows the following results (Tables 1-10). For log grade 1, Method
1 gave about 6 percent more volume yield than Method 3, when a circular
saw was used. With the use of a gang saw, the difference was increased

to about 18 percent. For the same log grade, Method 2, when a four inch



64
cant was produced, gave about 13 percent more volume than Method 3.
With a six inch cant, this difference was reduced to about 3 percent. The
higher volume yield of both Methods 1 and 2 can be attributed to the use
of fewer sawlines, and consequently less kerf waste. Also, due to one
extra board produced by Method 1 with the use of gang saw, and Method 2
with a four inch cant.

For log grade 2, Method 1 showed about 4 percent higher volume yield
than Method 3, when a circular saw was used. The use of a gang saw
increased the difference to about 14 percent. Method 2, when a four inch
cant was produced, showed about 4 percent more volume than Method 3.
With a six inch cant the volume dropped below that of Method 3 by 9 per-
cent. The reasons for the higher percentages obtained are the same as in
the previous case of log grade 1. The reduction in the Qolume when a six
inch cant was produced, was due to the loss.of the last board for each log,
which failed to meet the required thickness limitation. The critical factor
in this case was the relationship between cant size and log diameter.

For log grade 3, Method 1, when a circular saw was used, showed
about 6 percent Iess volume yield than Method 3. With the use of a gang
saw, the volume yield exceeded that of Method 3 by about 6 percent.
Method 2 with a four inch cant showed a 15 percent less volume recovery
than Method 3, while with a six inch cant the difference was reduced to
S percent below that of Method 3. The reason for the relatively higher

recovery with a six inch cant was that the logs of this grade were of larger

T
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diameter, which probably gave a better cant size-log diameter relation-
ship. The greater volume yield of Method 3 in all cases of log grade 3,
with the exception of gang sawing in Method 1, can be attributed to a
more complete utilization of the log by the "log turning" procedures of
Method 3. In through sawing, parts at the right side of the log were
wasted due to lumber size restrictions. By turning the log by 90 degrees,
these parts were included into boards cut in the new position of the log.
Thus ten boards were produced by Method 3, while Method 1 produced
seven boards with a circular saw and eight boards with a gang saw. In
the case of gang sawing in Method 1, the kerf differences outweighed the
volume recovery advantage of Method 3.

Table 11 shows the value yields obtained by all methceds, on a thou-
sand board feet log scale basis. For log grade 1, the value obtained by
Method 1 and circular sawing was about 1 percent above that ¢f Method 3.
With the use of a gang saw, Method 1 showed a 16 percent greater value
yield. Method 2 with a four inch cant showed about 10 percent mcre value
yield. On the other hand, Method 2 with a six inch cant gave 17 percent
less value yield than Method 3 on log grade 1.

The observed differences in value yield b.etween Method 1 and 2 and
those of Method 3, for log grade 1, cculd be attributed to the same factors
cited when the limitations of the logs were discussed. Also, Method 3,
which is more appropriate with logs containing larger proportions of higher

grade lumber, did not produce enough high grade lumber to warrant the
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waste invelved in the use of this method. The much higher value reccvery
of Method 1, shows the advantages of a simpler sawing method when no-
enough high grade lumber is present. The increased volume recovery ob-
tained with use of a gang saw proved to be far more important, with regard
to value yield, than the little amcunt of higher grade lumker recovered kty
Method 3 in excess of that of Method 1 (see Table 10, Grade 1}.

The value yield pattern for log grades 2 and 3 is almost the same for
all three methods as discussed above for the volume yield ccmparison.

The only exception is in the results obtained by Methed 3 from log grade 3.
In this case the value yield from Method 3 was higher than tha* obtained
from any other method and type of sawing except for the gang sawing
Method 1. The reason for this generally higher yield is apparently the
much larger percentage of higher grade lumber extracted by Method 3. as
shown in Tables 3, 6, 9, and 10. These results support the already known
and stated fact that Method 3 is more suitable for logs which turn out to
have higher potential for grade lumber production.

Statistical tests are a possible way to appraise the importance of the
observed differences amcng methods as discussed directly above. The
observed differences, when tested by an analysis of variance, showed no
significance or interaction effect. Since the limited number of observations
in this study was inadequate for statistical testing purposes, it is obvious
that more log sawing needs to be simulated. It would then be possikle to
make more reliable predictions as to the interaction tetween log grades

and sawing methods, and the significance of yield differences among them.

1—-’
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Implications

The simulation technique, with its explicit methodology for the execu-
tion of the work, has particular value in Fhe present era of computer avail-
ability. The evaluation of all variables entering into actual production can
be done only through the use of a computer which can carry out long and
complex sequences of operation. There are several implications of this
technique. Each of those discussed below will require the use of .a com-

puter for its execution.

Library of Log Defects

One very practical application of this technique would be the estab-
lishment of a library of log defects. Samples of logs, stratified according
to their surface characteristics, can be sliced into disks revealing their
internal conditions. Using the recording method described in Section II,
and equipment to be described at the end of this section, the size and
distribution of the defects can be recorded on punched cards. The stored
data can be investigated for the existence of any possible pattern of defect
distribution and frequency, according to species, diameter and location
of the logs in the tree. Through the use of a digital plotter computer de-
vice, the size and distribution of the defects may be reproduced on a scale
so that a visual, schematic model of the log's cylinder will be obtained..

Such a library of log defect distribution can function as a permanent
reference on a given population of logs and may be used for studies of

yield predictions. Knowledge gained through this type of investigation
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can help to better evaluate existing log grading rules. These rules can
perhaps be revised to better fit the desired production goals. With an
increased accumulation of data, stored on a permanent basis and readily
available, new prospects in the analysis of wood processing may be opened

to researchers.

Laboratory Testing Technique

One of the major problems of the breakdown operation is the amount
of human decision making and participation during the operation. It ap-
pears entirely possible that the two main 1ﬁputs—log characteristics and
sawing methods—can be simulated in laboratory testin'gs. The results of
their relationship can be evaluated better, so that new understanding of
the interaction of these two factors can be obtained. A large number of
variables can be handled. The only limitation 15 the ability of the com-
puter to handle the data.

The simulation approach can be used to gain insight into the entire
system, or to specific parts of it. In the present simulation, for example,
such variables as quality and diameter of logs, board size, sawing faces
and cant size are isolated and their effect on the operation is reproduced.
Statistical tests must then be made to determine which variables are im-
portant and which are unimportant. Thus, simulation makes possible the
study of a variety of variables within the alternative sawing methods. The
selection of the best method may become obvious. More likely, the policies

to be followed will continue to require a great deal of judgment. The
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simulation results, however, will aid in balancing one alternative against
another. The ability to examine many alternative methods at frequent inter-
vals makes it possible to do a better job of planning.

Logs separated by species, quality, and diameter within the quality,
can be used to provide the input data for the simulation process. Several
assumptions regarding the sawing method can be made and introduced as
parameters. Outcomes of these decisions can be evaluated and compared.
The use of a computer which can compress testing into a few minutes of
processing time makes possible the study of a great many decisions.

By introducing their operational characteristics, the effect of using
separate sawing machines or a combination of them also can be studied.
The model, supplemented with the manual manipulation of boards described
in Method 3, offers the possibility of assigning any sawing method and
kerf size to fit a particular machine, whether it be a circular, band, or
gang saw.

Overrun and underrun studies also can be carried out via laboratory
testing. Similarly, the determination of optimum cant size in relation to
specific diameters can be another application of this technique. Labora-
tory investigations can lead to the preparation of charts which, by interpo-
lation and extrapolation, will be able to give the proper cant size for a
desired diameter of a log.

In general, knowledg‘e gained by experimenting with the model can
help to incorporate changes into present-day operating systems, possibly

in the direction of simplified decision rules.
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Data Recording Equipment
A precise recording of log circumference and defects can be obtained
by tracing through a digitizer. Such a machine also affords enormous

savings in time, which otherwise can be the biggest handicap for practi-

cal application of this testing technique. Input data to be fed into the
model can be produced routinely by tracing the disks, or films of disks,
previously cut from logs.

A device like the PF 10 Pencil Follower, * operating on the basis of
an X and Y coordinate system, can operate as simply as pointing a pencil
at the coordinates. Circumference points or defect units can be digitized
simply by tracing them. Data recording can be set for continuous or iﬁter—
mittent operation. In this process, the coordinates of any point or unit
are immediately displayed and recorded, to an accuracy of ¥ 0.008 inch
(1/128). With the use of this machine, shapes can be put into a digital
computer. A big advantage of this machine is that an unskilled operator
easily and rapidly can select the required information to be digitized.

The given accuracy is considered more than adequate for log tracing.
For normal accurate line tracing, at about one inch per second, the reading
errors may be * 0,008 inch. For rough digitizing, while tracing at four
inches per second, errors of ¥ 0.04 inch (3/64) may be observed.

The accuracy obtained at four inches per second appears suitable for

log tracing. At this speed, a disk with a diameter of 15 inches can be

*Manufactured by the Thomson Division, Edwin Industries Corporation,
Syracuse, New York.

n
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traced in approximately 15 seconds. An eight-foot log, containing 96
disks, would require 1,440 seconds, or 24 minutes, for circumference
reading. Assuming thlat the same or a little more time will be consumed

for defect readings, then one hour's time would be needed to test a log
eight feet long. This time is considered very realistic and can be used

for actual laboratory testing procedures. The output, in the form of punched
cards, can be fed into the computer along with the sawing model. Even
faster processing of the data can be achieved by simply having it chan-

nelled directly into the computer.

Future Refinements and On-Line Control

Expected future developments of devices which will scan the log and
reveal the internal size and location of the defects could improve input-
output control. The knowledge of the position and size of the internal de-
fects, and the knowledge of the best sawing method for an aggregate of
defect patterns, can greatly improve not only yield but processing tech-
niques as well. X-rays, and perhaps laser beams could provide the basis
for the development of scanning equipment to investigate the inside condi-
tion of a log. The first is already in the experimental stages of detecting
log defects (2). The combination of simulation techniques and detecting
devices is expected to bring not only better control but also the prospect
of more automation. Besides, the use of such devices will alter the de-
structive nature of the recording method developed in this study to a non-
destructive form, which then can use the same logs for real processing in

order to verify the results.
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Logs being processed can be made to pass in front of diameter meas-
uring devices and scanning machines which can transmit the data to a
connected computer. The computer in turn will select the proper sawing
method on the basis of the input data. The output for each individual log
will be the proper sawing program. A battery of sawing equipment can be

arranged to handle this type of operation.

Application to Other Materials
Although wood is among nature's most complex materials, it is inter-

esting to note that this technique does not necessarily restrict itself only

!.u

to logs. The model can be used to test grade yields in other heterogeneous
materials with hidden defects, such as plastic or rubber products. This
model can be especially helpful for cases where a certain pattern of defect
distribution exists, which can vary among different batches but not within
the same batches. A continuing sampling program can provide information
applicable to all other similar groups. Other types of defect distribution
can also be investigated. Polymer materials such as rubber, for example,
can be investigated through this methodology for testing quality variations

due to bubbles.



V. SUMMARY AND CONCLUSIONS

A computer simulation model of the log breakdown operation has been
developed, which will enable investigators to use it as an analytical tcol
for studying log yields. This technique can help to measure the influence
of alternative sawing methods, applied to the same log, on the value and
volume vield of various log grades.

A circumference and defect recording method also has been developed,

!’I’{. =TT

by means of which measurements of the log characteristics can be trans-
ferred onto punched cards and fed into the computer for processing by the
simulation program.

Two sets of data are introduced into the model. The first consist of
data describing the raw material being processed. The second, consisting
of data corresponding to the sawing methods, sets the parameters of the
model. The raw material data for th.is study were gathered by cutting six
red oak logs into one-inch thick disks, then measuring their circumference
and the size and location of the defects. The computer program which was
written for this study, utilizing the two sets of input data plus appropriate
instructions, is used to simulate the sawing activity.

As an illustration of the simulated activity, a pilot experiment was
carried out. The goal of the experimental runs was primarily one of testing

the ability of the model to perform an explicitly designed operation. The
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six logs used in this study were sawed—via computer simulation—164
times, using live sawing, and cant production. Sawing by "turning the
log" was simulated in part by the com.puter, suppleﬁented With manual
manipulation of the resulting boards. This last method, which is among
those commonly used today, was intended as a control.. 'In order to'show
the differences in the yield when simpler methods are used, the results i
of the other methods should be compared to this control method. Allowance
has been made for one-eighth and one-fourth of an inch kerf sizes, which

can simulate band sawing, gang sawing and circular sawin‘g. The size,

board feet, and defects are given for each boafd produced. Results from
the experimental runs are discussed in Section IV and presented in tables
in Appendix A.

The model written in FORTRAN language, has been executed on a CDC -
3600 computer. It consists of the main program and three supplementary
subprograms; one for sawing lumber, one for rotating the log into new
position, and one for cant prbduction. It takes approximately three minutes
to "saw}" a log 16 times, in four different positions, and measure the re-
sulting boards.

The validity of the results of the simulation model is checked with a
control mechanism within the model which allows validation of the pro-
duced results. This control mechanism consists of the coordinates of the
end section of the log circumference, the coordinates of each board pro-

duced from the log, and the coordinates of the defect units on the face of
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the board. The results of the experimental runs were checked and verified
for their éccuracy.

The important characteristics of the technique are its essential sim-
plicity, the wide flexibility that it affords in the choice of procedures,
and the fact that its input data can be derived empirically. Considering
the time saved by this approach the testing of a great number of logs can | —
be achieved at a much reduced cost. Disadvantages of the model, at its
present stage, are the lack of full taper removal ahd the inability to sth

the depth of board face defects.

In deneral, the model is flexible and can be used for any thickness
of lumber and cant, and any degree of log rotation desired. Different
sawing faces, board thicknesses, and cant s.izes cah be introduced as
variables by assigning the épecific angle and size required. Various kerf
sizes, simulating various sawing machines, can also be introduced. Thus
the effect of these machines on the grade and volume yield of the logs can
be studied. Since our concern in this study was to find a way of investi-
gating log yield problems and testing the model for its reliability, the
indicated limitations can be handled by expanding the present model.
Specific production constraints used here easily can be altered to fit a
particular form of operation desired.

It is expected that this study will have opened the way for more in-
vestigation of the yield potentials of sawlogs. ‘The model itself, although

not yet fully refined to meet all the requirements of an actual log breakdown
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operation, nevertheless can contribute significantly to such investigations.
The optimum relationship between cant size - log diameter for example, is
one of the areas which can be fully investigated with this model.
Some implications for improving research and production procedures

are the potential development of a library of log defects, the possibility

of further laboratory testing, and the utilization of existing defect recording e

equipment. Eventually it may be adaptable to on-line control of actual
sawmill operations.

Meanwhile, the model is so constructed that future refinements can

| L

be incorporated. Complete computer simulation of grade sawing could ke
a significant improvement to the present model. With the addirion of a
program which can express the lumber output of the present program in
terms of clear cuttings, a full solution to the hardwood log yield pnroblem
will have been achieved.

This model shows the feasibility of a new approach to sclving the
vital question of how best to saw a loeg. It should prove to e superior

to methods available in the past.
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