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INTRODUCTION

The increasing demand for high quality products requires significant
processing changes when compared to the traditional manufacturing of construction
lumber. The drying operation is clearly one area where major modifications will
have to occur in order to meet new quality requirements.

In addition to improved technology, the lumber drying sector will also have
to rely on a well established quality control program in order to guarantee high
grade recovery and therefore determine the success of the operation.

With all the technological advances that the lumber drying activity has been
experiencing over the years, specialized training in lumber drying has certainly
become a priority.

In order to address this training need, Forintek Canada Corp. in conjunction
with Softwords Research International Ltd. have designed a computer-based
training program in lumber drying. Due to its user-friendly characteristics, no
previous experience in either computers or kiln drying is required.

KD Expert was developed with the NATAL Authoring Language in
combination with Softwords own expert shell system, OCAM1. The program
combines NAPLPS graphics technology with NATAL's interactive graphics
capabilities. The expert system technology allows the user to simulate situations
in which process variables must be adjusted so that drying degrade can be avoided.

It is hoped that the instructional material of the program associated with the
simulation capabilities, may serve as a valuable learning tool to anyone interested
in lumber drying.

THE KD EXPERT PROGRAM

The main parts of the program are illustrated in Figure 1. There are six
sections, namely:

1. How to run the course
2. Test
3. Lessons
4. Simulation
5. Glossary
6. Report

In the first part, the user is presented with a brief summary of the other
parts. Whenever possible, an example illustrates the purpose and characteristics
of each part.

The "Test" section is divided into: a) pre-test and b) post-test. The pre-
test is intended for those with some wood drying experience willing to evaluate
their overall knowledge. The post-test on the other hand, was designed to be taken
at the end of the training program. In both tests, questions are randomly selected
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Figure 1. Main parts of KD Expert program.
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and there is enough flexibility so that the tests can be interrupted and resumed at
any time. Also, in either type of test, it is possible to select a particular topic on
which to be tested. The feature allows the user to concentrate on specific areas
where, for example, a greater emphasis may be needed.

The section on "Lessons" is where the contents of the course are organized.
A logical sequence takes the user from very basic concepts of lumber drying to
useful discussions related to quality control. The section is quite lengthy but well
illustrated so that more complex concepts can be visualized and better understood.

The "Simulation" section is where the expert systems technology is used to
a great extent. The basic approach is to change certain process variables in order
to avoid a specific drying degrade. When the user simulates a drying process by
"running the kiln", the program using the expert system strategy, analyzes the set
of pre-established kiln conditions and decides whether or not a particular drying
degrade is likely to occur. If it finds something incorrect with the process variables
that were selected, the program returns a message pointing out what is wrong as
well as some hints as to why the problem has occurred.

The "Glossary" is a very useful part of the KD Expert. It contains more than
130 terms associated with kiln drying. Most definitions are illustrated so that they
can be easily remembered in a number of situations. The glossary is especially
useful when studying concepts introduced in the "Lessons" section.

The last part shown in the main menu is the "Report" section. This section
presents the results by lesson of both the pre-test and the post-test. The user can
find very useful information in this section such as where more study in a particular
subject is needed.

MAIN LESSONS

The main lessons contained in the KD Expert program are:
Drying Factors
Moisture in Wood
Shrinkage
Types of Degrade
Quality Control
Kilns

Although independent, the lessons were arranged in a logical sequence so that the
user is progressively led from fundamental concepts of wood physics to practical
aspects of industrial kiln drying. A detailed view of the lessons structure is
presented in Figure 2.

The lessons on "Drying Factors" is divided into four main sections. In the
introduction, the user has the opportunity to learn essential terms related to kiln
drying which will be extensively used throughout the course. In addition, the lesson
presents a very comprehensive discussion on drying stages, drying mechanisms and
physical elements influencing water removal in each stage of the drying process.

The main objective of the "Moisture in Wood" lesson is to provide detailed
information related to the available technology for measuring moisture content in
wood. The user will find information on laboratory procedures for moisture
content determination as well as industrial devices used for sorting lumber on the
production line.

The lesson on "Shrinkage" discusses basically the causes and effects of
shrinkage due to moisture loss.	 By discussing mechanisms of shrinkage

97



The Lesson Wet la it?
introduction Moisture Distribution Casehaniening What Caused It?

Common Terms How to Prevent it?
BowEvaporation CrookEarly Stages Vapour Pressure Cup

Factors Alr Padway
Alr Velocity Twist

End Check
Internal ChecksAffecting

Drying Drying Rate Surface Check
Knot DamageMoisture Gradient CollapseLater Stages Preventing Damage Loosened GrainVapour Pressure Gradient Raised GrainSummary Fungal Stain
Chemical SteinPhysical Elements =did Temperature

Introduction
Determining Moisture Content 	 Formulae

Examples
Electrical Moisture Meters.

Introduction	 The Lesson
Lumber Drying

Quality Control Problems Wood Chatty
Moisture

Moisture
Content

Function
Resistance-Type Moisture Meters Correctness

Meter Types
Moisture Gradients	 Surface to Core

End to Paddle
Pre-sort Lumber

Green End Moisture Sensors Function
Applications

Continuous Moisture Meters Purpose
Function
introduction

Pr-Klin Moisture Meters	 Resistance Method (RM)
RM for Kiln Control
Capacitive Admittance

Statistics	 Purpose
Nom* Distribution
Definition

Histograms Example 1
Example 2
Average and Variance

Concept
Confidence intents Confidence intervals

Sample Size
Mardenance

thin Performance	 Ak Velocity
Temperature

Deb/bons

CharacteristicsCause of Shrinkage	 Structure
Drying

Shrinkage and Masts* Content FSP and Zero MC
FSP and Shrinkage

Racial and Tangents]
ShlitlkENNI and Wood Shape Typo of Cut

Changes
Size of Cross-Section Steam MuShrinkage

Introduction Construction Materitts
Loading Systems

e and Comparonent
FZISTIOn
Heel Sources
(berating Temperatures
Types of Steam
Steam Colts
Steam Traps
Buckets
Heat Maintenance
fsfumlloPtrrmlern
Humidity Maintenance
High vs. Low Pressure

Example 1
Shrinkage Measurement 	 Example 2

Example 3
Direct Heated thins

Use in Canaria
Dehumidifier tans Operation

Contras
Economics and Quality

Heat Loss
Heat Loss and Corrosion Vapour Movement

Maintenance

Reaction Wood
Wood Types	 Compression Wood

Tension Wood
Juvenile and Other Wood

Other Effects	 Drying Conditions
Swelling

Shrinkage Control Methods
End Damage

Power Venting
Additional Concepts Recorder-Controllers

Procedures
Introduction

AlternaliVO Drying	 Vaccuum Drying
High Frequency Drying

Degrades 	

Quality Control

Kilns 	

Figure 2. Lesson structure for KD Expert program.
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development, the user is given the opportunity to study the consequences of a
particular drying schedule on degrade. The lesson ends with a section on shrinkage
control which serves as background for the lesson on degrade.

The lesson "Types of Degrade" presents all forms of drying related degrade.
The section is fully illustrated so that the user will be able to easily recognize any
type of drying degrade. In order to provide a thorough understanding of the
subject, the basic strategy of the section is to present information about a particular
degrade by answering the following questions:

Drying Degrade

WHAT IS IT?	 This will lead to illustrated questions about
particular degrades.

WHAT CAUSED IT?	 This will lead to a submenu listing 6 factors which
most contribute to the occurrence of degrades.

HOW TO PREVENT IT? This will lead to detailed information about drying
conditions, their effect on degrade and how kiln
drying adjustments can prevent or reduce
degrades.

By studying the answers to these three questions, the user will readily relate
the new information to the knowledge obtained in the previous sections.

The lesson on "Quality Control" presents information on basic statistics
applied to lumber drying operations. The section is well illustrated and the
practical examples allow the concepts to be easily understood.

Finally, the section on "Kilns" is intended to provide an overview of what is
currently available in terms of equipment for drying lumber under a number of
different processes.

SIMULATION
The main purpose of the "Simulation" section of the program is to let the

user explore how changes in the drying process will affect the results in terms of
quality. The simulation presents scenarios of different drying stages. After
selecting a particular drying degrade, the user has to point out probable causes. In
order to assist the user, the program presents a list of possible causes for the
selected degrade. The program will even help the user select the most important
causes. With the causes correctly selected, the user is directed to the section "How
to prevent it" where changes in the drying conditions can be made and ultimately
the simulation of the drying run can be performed.

From the simulation, it is possible to access the glossary at any time so that
a particular concept can be reviewed. This is a very powerful feature since
definitions and basic concepts can be found here.

After setting the variables, that is, changing kiln conditions, the user runs
the kiln, which means, simulates the drying process under the conditions that were
set.

By "Running the Kiln", the program will produce a diagnosis of the drying
on the "Explanation" screen and indicate whether or not the selected degrade has
been corrected. if not, the program displays an explanation for why the degrade
was not corrected by highlighting one or more causes. In addition to viewing the
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explanation, the user may obtain more information through the "Further
Explanation" option.

The KD Expert training program will hopefully become a very useful tool
for those dealing with lumber drying on a daily basis. Powerful graphics
capabilities combined with user-friendly characteristics will certainly make the
program very attractive to anyone, independent of having previous experience in
either kiln drying or computers.
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