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1. Executive Summary

Following conclusions can be drawn:

* Wood product business is becoming more and more challenging and market driven.

» Future manufacturing of wood products will emphasize collecting and processing of
information.

» Log scanning is the key element for improving value of the production. Potential is
5...20%.

» Skilled and motivated personal is the key for success.

In the following some issues are listed which are important by linking together available wood
raw material, wood products and processes.

Global view instead of local view

Traditionally different stages of the wood conversion chain have operated too much inde-
pendently. In the conversion chain the product of the former phase provides raw material for
the latter one. Often in practice raw material and semi-finished products are not optimal or
even good in respect to the final product. The incompatibility between wood raw material,
conversion products and the final product causes a lot of waste and economical losses. To
obtain a good economic result the chain must be seen in its entirety. Wood raw material has
to be chosen taking into account the requirements of the final products. This is the way to-
wards optimal utilization of wood raw material.

Value added components and upgrading of sawn timber into components with flexible
and adaptive manufacturing systems for sawmills.

Present production systems are effective, however bulk product oriented. They are not flexi-
ble and production of components with specified quality features and properties is difficult.
Producing value added components — smaller pieces with specific dimensions and quality
features — instead of standard products offers sawmills big potential to improve profitability of
sawn timber business. Production of components should be started directly from the logs.

Cross cutting of stems and sawing methods

Cross cutting of stems is very important part of wood raw material processing. The maximum
value and volume yield is determined in bucking of stems. In later phases in conversion it is
not possible to compensate the faults made in cross cutting of stems. Modern harvesters are
very sophisticated and effective. However they cannot measure accurately stem properties
like internal knots. Best bucking and cross cutting result can be achieved when the stems or
part of stems are transported to cross cutting station provided by x-ray scanner and ad-
vanced optimisation software. New sawing concepts are in the designing phase.

Information systems and intelligent material flow control

In individual phases of conversion information is growing rapidly. However this information is
utilised only locally and then lost. This happens all the way throughout the supply chain. It is
not possible to link final products, raw materials and processing parameters together. Strong
support for business development could be achieved if the lost information can be stored and
utilised in the later conversion phases. Recovery of information can be achieved through
marking pieces, reading of the markings and storing the data in a database for utilisation in
different applications. Marking of pieces can be done using different techniques i.e. RF-tags
and ink jet markings. Reading of marking can be done using antennas or cameras.

Concept of improved conversion chains for the European sawmilling industry 4
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Marking - reading — information (MRI) system applications concern quality control, process
control, planning procedures and customer service. Marking of pieces is also a way to show
the origin of pieces and can be for instance used to ensure that the material originates from a
certified source. MRI provides a quite new approach for the management of material and
information flows from forest to the end products supporting customer oriented business and
added value production.

Scanning of internal properties of stems and logs for characterisation wood raw mate-
rial and optimisation of sawing operation.

Log scanner systems for measuring shape and internal properties of logs can be used in the
following processes:

Log sorting station - optimisation of borders of log classes based on order files.
Bucking and cross cutting terminal - optimisation of cross-cutting of stems and sorting
of logs.

Just before sawing - optimisation of log rotation angle and sawing set up for individual
logs.

Harvesting machines - optimisation of cross-cutting of stems.

The purpose of X-ray inspection system is to detect properties of round wood. The analysing
software should be tailored to meet application requirements. Typical functions can include
measuring of dimensions/volume, moisture content, volume of knots, rot and other defects
and heartwood/sapwood ratio. In the future it's possible to full description of wood properties
i.e. individual annual ring structure and density profile.

Present problem is the price of scanners. However investigations are carried out in order to
provide also cheaper solutions for different applications to be installed at SME - sawmills.

Implementing process performance

There are many options to improve wood processing performance. Potential degree of im-
provements depends on many factors like quality of wood raw material and product specifi-
cations. Some aspects are presented in the following:

Improvement of communication between building and interior designers and compa-
nies offers a channel to increase wood usage. This necessitates development of
Electronic libraries of wood products have to support planning processes. The de-
signers, customers and owners have to have direct communication and feedback
channels with the woodworking companies.

Business concepts based on networking taking good care about customers’, further
conversions’ and end users’ needs. This approach enables to react quickly on chang-
ing circumstances.

Customers’, end users’ and refineries’ service through developing information com-
ponent as a part of products.

Managing and optimisation material and information flows in overall ICT systems and
production planning systems. Supporting information flows between different actors in
wood chains. Optimisation of wood raw material use: wood raw materials, products
and semi-finished with specific properties.

Strong integration of technological, information and service platforms. Intelligent, flex-
ible and self-learning scanning, production and logistic systems support realisation
business. Generation of feedback information to be used in self-learning production
systems.

Developing product specifications and families (strength, appearance, aesthetic as-
pects) matching wood raw materials

Concept of improved conversion chains for the European sawmilling industry 5
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» Early stage information will be available before buying wood raw material and before
harvesting and crosscutting of stems. Stem terminal cross cutting.

VTT developed WoodCIM® and InnoSIM model and simulation systems for optimization
throughout the conversion chain. Some results presented in this paper clearly show that it is
possible to increase sales value and profit of the conversion considerably by implementing
new technologies and concepts in the production.

2. Introduction

According to the Dow, Task 6300 « Improving flexibility in production and future manufactur-
ing systems » concerns to the following topics. VTT has been as Task leader. Also industrial
co-operation partners have been involved.

1. Flexibility is very important character of future processes. This demands the possibility
to switch type production from bulk to value added, from value added to bulk or mixed
value added and bulk.

2. In conventional production processes it is very difficult and costly to correct the “mis-
takes = wood delivery doesn’t corresponds to the order” pre-defined in harvesting op-
erations and cross cutting of stems. Solutions are created on how production process-
es can adapt resiliently to these “mistakes”.

3. Increase of flexibility in manufacturing provides important option towards forestry and
harvesting: sensitivity regarding requirements for wood raw material can be decreased
through more flexible industrial production processes. New flexible manufacturing
concepts are created and evaluated with the wood industry, machine manufacturers
and system suppliers.

4. Simulation models are created from most promising production concepts. These mod-
els are mainly based on the models created in task 6200. Economic analysis will be
carried out with the models for determining the impact on profitability.

5. An assessment will be carried out on the impact to sustainability, economic, environ-
mental and social aspects.

2.1 Objectives of the Deliverable

The objective of the deliverable is to identify potential options for implementation of flexible
production and future manufacturing systems in the sawmilling industry.

2.2 Work Package Task Status

Deliverable 6.2 “Concepts of improved conversion chains for the European sawmilling indus-
try” has been produced in WP 6000 Flexible and Customer Adaptive Mill Production and
Task 6200 Modelling of conversion chains from wood material to wood products. The Deliv-
erable supports development of simulation and optimisation models to be used as compo-
nents of FlexWood system as well as realisation of Task 6300 Improving flexibility in produc-
tion and future manufacturing systems.

Deliverable 6.2 “Concepts of improved conversion chains for the European sawmilling indus-
try” has been produced in WP 6000 Flexible and Customer Adaptive Mill Production and
Task 6200 Modelling of conversion chains from wood material to wood products. Schedule of
deliverable is Month 18. The Deliverable supports development of simulation and optimisa-
tion models to be used as components of FlexWood system as well as realisation of Task
6300 Improving flexibility in production and future manufacturing systems.

Concept of improved conversion chains for the European sawmilling industry 6
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The Deliverable 6.2 and the Deliverable 6.5 “Concept on implementation of flexible produc-
tion and future manufacturing systems in the sawmilling industry” are linked together be-
cause they are focusing on the same topic — how to improve efficiency in wood conversion
chains. This Deliverable 6.2 will give more general view on different options The Deliverable
6.5 will provide more detail description how to improve and implement advanced manufactur-
ing systems in the sawmill industry.

There are several scientific calculation examples presented in this document. Most of them
concern Nordic countries; however VTT has got similar results from other European coun-
tries and also countries outside Europe. The conclusion is that there are very similar prob-
lems and challenges but also similar improvement options cross Europe.

Table 1. Status of deliverables in WP 6000.

Del. Deliverable name Delivery Status
no. date (pending/submitted/
accepted)

1.1 Consortium Agreement Month 6

6.1 Industrial evaluation of round wood characteristics | Month 12 Submitted
with respect to product specifications

6.2 Concept of improved conversion chains for the Month 18 Submitted
European sawmilling industry

6.3 Adapted conversion models Month 26 Submitted

6.4 Technological specification of interfaces between Month 26 Pending
manufacturing systems and logistic concepts

6.5 Concept on implementation of flexible produc- | Month 26 Submitted
tion and future manufacturing systems

3. The Approach

VTT Technical Research Centre of Finland has carried has carried out many research pro-
jects on the field Deliverable 6.5 is covering. VTT has also developed models and software
systems for simulating and optimising activities throughout entire forest wood chains and
individual manufacturing phases. The models are used in research but also in operative and
strategic planning operation in the saw mill industry. The models are introduced in this deliv-
erable.

4. Challenges and opportunities in sawmill industry

Sawmills are important centres of first conversion of round wood. Mostly the industry is
based on locally operated SM enterprises. Sawmills are utilising forest resources by produc-
ing sawn timber to be used in construction, manufacturing of furniture, windows and doors
etc. all sustainable products which represent high added value. Sawmills are also supplying
pulp mills with high quality chips. Typical production and business features of sawmills are
the following.

» Conversion from the forest to the customer is not an unbroken and smooth production
chain. Delivery and processing time may require weeks or months.

* Volume output and cost minimisation is emphasized in production.

» Production is not flexible allowing only marginal freedom. Production and business
are not adaptive. Feedback information is not generated and thus cannot be utilised.

« Limited volume of reliable and less reliable data is measured, and even so, however
only locally used.

Concept of improved conversion chains for the European sawmilling industry 7
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» Product properties vary considerably due to the nhon-homogeneous wood raw materi-
al. It is not possible to produce only high-value products with desired and specified
properties. Secondary “falling” products which are not desired are inevitably produced
along the manufacturing processes.

» Mismatch between wood products and available wood raw material recourses may
cause big economic losses.

+ Service aspects are missing. Wood working industry is far behind from the other in-
dustries providing services. VTT has started 2010 a research project for developing
new service concepts to sawmill industry in order to provide better service for the cus-
tomers and to improve profitability.

In the present sawmills it is not easy to produce products with specific properties. So called
“falling” secondary products cause problems and considerable economic losses in spite of
representing good inherent wood properties. Sorting only at the end of the process causes
high cost and is not effective. Modern scanning technologies for roundwood provide efficient
tools to handle and reduce radically these problems. They are important for improving value
yield and developing customer orientated sawmilling business. The basic conversion process
is not yet adapted to the same targets.

There are many options to real improve wood processing performance and management and
control of entire sawmill value chain. Potential degree of improvements depends on many
factors like quality of wood raw material and product specifications. In order to make real
improvements in the conversion chain, following aspects are presented:

» Improvement of communication between building and interior designers and compa-
nies offers a channel to increase wood usage. This necessitates development of
Electronic libraries of wood products have to support planning processes. The de-
signers, customers and owners have to have direct communication and feedback
channels with the woodworking companies.

« Strong integration of technological, information and service platforms.

» Business concepts based on networking taking good care about customers’, further
conversions’ and end users’ needs. This approach enables to react quickly on chang-
ing circumstances.

« Customers’, end users’ and refineries’ service through developing information com-
ponent as a part of products.

* Optimisation of wood raw material use: wood raw materials, products and semi-
finished with specific properties.

» Developing business concepts emphasising sustainable development provides data
acquisition on that respect.

+ Managing and optimisation material and information flows in overall ICT systems and
production planning systems. Supporting information flows between different actors in
wood chains. Optimisation of wood raw material use: wood raw materials, products
and semi-finished with specific properties.

+ Intelligent, flexible and self learning scanning, production and logistic systems support
realisation business.

» Generation of feed back information to be used in self learning production systems.

» Systematic collection of feed back information from customers and end users pro-
vides information for business development between business partners.

» Strong integration of technological, information and service platforms. Intelligent, flex-
ible and self-learning scanning, production and logistic systems support realisation
business. Generation of feedback information to be used in self-learning production
systems.

» Developing product specifications and families (strength, appearance, aesthetic as-
pects) matching wood raw materials.

Concept of improved conversion chains for the European sawmilling industry 8
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» Early stage information will be available before buying wood raw material and before
harvesting and crosscutting of stems. Stem terminal cross cutting.

4.1 Harvesting with conventional harvesters

Cross cutting of stems is very important part of wood raw material processing. The maximum
value and volume yield is determined in bucking of stems. In later phases in conversion it is
not possible to compensate the faults made in cross cutting of stems. Mismatch between
available wood raw material and products to be manufactured may cause big economic loss-
es. Modern harvesters are very sophisticated and effective. However they cannot measure
accurately stem properties like internal knots. Best bucking and cross cutting result can be
achieved when the stems or part of stems are transported to cross cutting station provided
by x-ray scanner and advanced optimisation software.

Harvesting operation is essential phase of sawmills value chain. Trees are felled by harvest-
ing machines. Pruning of trees is executed using knives. Cross cutting algorithms controlled
by matrixes defined by designer tries to determine next cross cutting point based on the tree
shape measurements. It is also possible for harvester operator to fix i.e. quality zones which
are taking into account in the optimisation procedures. Harvesting is very important part of
value chain because during the later processing phases it's not possible to correct errors
made in harvesting operation.

Following issues have to take carefully into consideration by implementations

1. Harvesting operators have to be very well trained.

2. There have to be good data transfer between harvesting machine and sawmill’s infor-
mation systems in order to ensure effective communication.

3. Different harvesting machines have to be integrated via information network in order to
make possible cross communication and in order to overall control management all
harvesters simultaneously.

Concept of improved conversion chains for the European sawmilling industry 9
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4. There has to be precise quality control systems in order to evaluate systematically per-
formance of harvesting operation including scanning, optimisation, cross cutting accu-
racy etc. operations.

5. The harvesters have to have marking i.e. colour marking or identifying system for
providing information to sawmill’'s overall information system and for proofing the origin
or wood raw material for customers.

4.2 Cross cutting of stems at Stem terminal

Several value chains can be identified between forest and end use of wood products. Phases
in conversion chains are impacting each others. In order to achieve good results, the chain
has to be considered in its entirety. There may also be interaction between parallel chains. In
the optimisation of allocation of wood raw materials and wood flows through whole conver-
sion system, all phases have to be taken into account simultaneously. Because of the profit-
ability, the chain is depending on raw material, manufacturing systems and product specifica-
tions. That is why economics of a stem terminal is depending on phases up-stream and
down-stream.

Stems or part of stems can be transported to a terminal where bucking and crosscutting can
be based on precise scanning of raw wood properties. This provides virtual, mathematical
stems (Figure 2) that can be used in optimisation procedures capable to “fill the stems” with
desired products. Logs are converted into products in primary and secondary conversion
ensuring perfect match between raw materials and product. The terminal station can serve
one mill or several mills.

Comparison between crosscutting operations with conventional harvesting machine and ter-
minal crosscutting results information is presented in Table 2. This table clearly shows that
smart stem terminal cross cutting offers potential to improve profitability and customer orien-
tation radically.

Concept of improved conversion chains for the European sawmilling industry 10
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Figure 2. Transportation of stem parts (above) and stem terminal for cross cutting of parts.

Concept of improved conversion chains for the European sawmilling industry 11
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Table 2. Comparison between crosscutting operations with conventional harvesting machine
and terminal crosscutting.

Performance Conventional harvester bucking and Bucking and cross cutting

Activity cross-cutting at terminal (StemTerminal concept)
Diameter Mechanical process; partly based also on | Accurate measurement
measurement estimation of stem profile; Not possible to | Accuracy: standard deviation 1..2 mm

along the stem
to be detected

provide 3D-profile
Accuracy: standard deviation 5 mm

Can provide 3D-profile

Measurement Standard deviation of the same log length | Accurate log length. Standard devia-
and control of is typically 20..30 mm tion is estimated to 3..5 mm.

log length

Detection of Based only on harvester operator’s visual | Individual surface and internal knots
knots estimation. Information concerns only can be detected with good accuracy

surface knots, general knottiness of a log
and bumpiness. Detection accuracy is
poor. Impossible to see internal knots

Detection of
heartwood core
of stems / logs

Impossible

High detection accuracy. Standard
deviation of heartwood diameter 2..3
mm

Other properties
and defects

Impossible

Possible — depending on the scanning
system configuration

Optimisation Based on measured and estimated stem Optimisation is based on real demand
profile and on the demand and value ma- | of the products. Customer specific
trixes for logs. product specification can be applied.
Difficult to determine parameter values in | Optimisation can also be based on log
value matrixes demand, if necessary

Deliveries of Typically it takes weeks to get ordered Delivery of desired logs can be started

logs logs. Minimum time is three days in best and stopped just in time. High flexibility
cases. to change log specifications according

to the demand.
Service level is low Service capability is high

Impacts on Difficult — almost impossible Terminal can just in time be provided

processing ca- by parameter values in order to start

pacities immediately to produce demanded log

profile for maximising processing ca-
pacities and minimising through put
times.

Concept of improved conversion chains for the European sawmilling industry 12
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StemTerminal servicing different wood value chains

o

Figure 3. The Optimising allocation of wood raw materials and wood flows. 1) Stands to be
harvested, 2) Transportation of stems, 3) StemTerminal for optimised bucking and cross cut-
ting of stems, 4) X-ray scanner at log sorting station, 5) Different primary sawing processes, 6
and 7) secondary conversion and 8) buildings.

Following issues have to take carefully into consideration by implementations

1.

Transportation costs of long logs compared to short logs. Investments and running
costs. Combination of short log harvesting and long log harvesting is an alternative.

Stem terminal operators have to be very well trained.

There have to be good data transfer between stem terminals information system and
sawmill’s information system.

Precise scanning of geometrical and quality features i.e. knots of stem parts is very
important part of terminal providing fundamental information for cross cutting optimisa-
tion.

Scanning systems and optimisation software are the cores at stem terminal. In a sim-
ple system stems are converted only into required logs. In an advanced system a stem
is converted into logs and further logs converted into required sawn timber. Only this
ensures optimal solution from sawmill’s perspective.

Stem terminal has to be provided with good mechanics.

There has to be precise quality control systems in order to evaluate systematically per-
formance of harvesting operation including scanning, optimisation, cross cutting accu-
racy etc. operations.

It is easy to provide stem terminal with colour marking or identifying system for provid-
ing information to processing and for proofing the origin or wood raw material.

Concept of improved conversion chains for the European sawmilling industry 13
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4.3 Sorting of logs

Process 1970 2000 2020
Log Sorting Shadow measuring Speed 13 000 pcs/8 h Speed 15 000 pcs/8 h
20 sorting bins 3D-scanning 3D + X-ray scanning
40 or more sorting bins Better measuring of logs —>

better control of final
products
Increased number of bins
Bucking also at cross
cutting terminals

Figure 4. Log sorting plant and log storage. Evolution of log sorting systems and prediction for
2020.

There are two main ways to process logs into sawn timber. First way is to saw each of the
logs individually. The second way is sawing in batches. A group of logs is sawn with a fixed
sawing set up. This means considerable improvement of production capacity because logs
can be sawn end to end without any caps between logs.

There are several parameters describing geometrical and quality features of logs. Typical
quality features are knots, annual ring width, rotten etc. Geometrical features are i.e. top di-
ameter, length, sweep and ovality. Conventional scanners are capable to measure only ge-
ometrical properties of logs i.e. 3D log model for process control.

Big step in scanning technologies is implementation of X-ray inspection system capable to
detect also internal properties of round wood. X-ray information to be analysed requires a
special software which should be tailored to meet application requirements. Typical functions
can include measurement of dimensions/volume, moisture content, volume of knots, rot and
other defects and heartwood/sapwood ratio. In the future it’s possible to get a full description
of wood properties i.e. individual annual ring structure and density profile.

Logs are sorted into homogenous groups at log sorting station provided by number of sorting
bins. An example of log sorting system and indicators for evolution of sorting plant evolution
is presented in Figure 4.

Following issues have to take carefully into consideration by implementations

1. Number of sorting bins is influencing very much for sawmill’s economy. If the number
of bins is too low both value and volume yields are decreasing. If the number of sorting
bins is too high the increase in income cannot cover the costs of “extra” sorting bins.

2. Optimum number on sorting bins can be calculated using VTT’s WoodCIM® software
system. Number of optimum sorting bins is depending on characteristics of wood raw

Concept of improved conversion chains for the European sawmilling industry 14
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material, product specifications and prices to be manufactured and manufacturing sys-
tems.

3. ltis very important to determine boarders of log classes correctly. VTT’s WoodCIM®

software has a module for optimisation of log classes. Parameters to be recorded by
scanning of logs can be criteria for log classification. Parameters concern geometrical
and quality features of logs like knottiness, heartwood content etc. Log length distribu-
tion is in many cases important criteria in order to ensure match the length distribution
requirements of customer specific sawn timber.

4. There are several philosophies for sorting of logs: conventional sorting based on top
diameter classes, product based sorting of logs, sawing set up based classification,
sorting based on picking logs yielding best value yield for individual order.

VTT’s WoodCIM® software system for optimising sawlog class limits

In the Nordic countries logs are normally sorted into log classes. Logs of one log class are
sawn using fixed blade settings. This means a much higher capacity compared to the sawing
operation where the blade setting can be changed individually for each log. Sorting criteria
are log characteristics like wood species, top diameter, log quality, length, taper and sweep.

140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290

Top diameter (mm)

Figure 5. Limits of log classes top diameter and taper as sorting criteria (example). A log with
high taper value can be sorted into lower top diameter class.

The WoodCIM®optimisation software for log sorting requires as input data the volume and
value yield figures produced from the sawing simulation modules. Additional inputs include
the sawn timber marketing factors, demand and prices as well as end-users’ requirements.
The model produces a number of best sorting alternatives and best blade settings for each
log class. The principle of the software is described in more detail in D 6.3.

In the optimising software a log distribution is presented in terms of element logs with top
diameter increment of one millimetre. Each element log is described in terms of criteria to be
used in the sorting and proportion from the total number of logs. The number of log classes
cannot exceed the number of sorting bins.

The determination of log class limits can be carried out as follows:

1. determining diameter limits of log classes using average taper values and a number of
best set-ups for specified log classes;
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2. varying the values of taper, length and ovality of a log in the sawing simulation model,
to determine a specific log class - set-up combination that is most beneficial for the
specific log.

The software calculates for each element log the values of all possible centre planks and
side board model combinations. In the second step of the optimising procedure the software
creates possible element log combinations, log sorts. The number of best sorting strategies
can be identified by calculating the value of each potential log sorting option. An example of
log class limits is presented in Figure 5.

4.4 Primary sawing methods

Sawing process

chipper- profiling chipper-canter  circular circular
canter circular saws profiling saws saws
+ t
- - - - - = = =
4 A/
Process 1970 2000 2020
Sawing Frame sawing Circular and band sawing Circular and band sawing
Cant sawing Cant sawing Cant and live sawing
Manually controlled edging | Automatic edging Sophisticated edging
of sideboards Better guide systems for blades
Higher sawing speed

Figure 6. Primary sawing methods.

Present production systems are effective, however bulk product oriented. They are not flexi-
ble and production of components with specified quality features and properties is difficult.
Producing value added components — smaller pieces with specific dimensions and quality
features — instead of standard products offers sawmills a big potential to improve profitability
of sawn timber business. Production of components should be started directly from the logs.

Three basic sawing methods, presented in Figure 7, are cant, live and profile sawing.

Cant sawing method. There are three phases in the cant sawing operation. In the first
phase a symmetrical cant is sawed from the middle of the round log. Simultaneously side
board billets are taken from the sides of the log. In the second phase of processing the cant
is typically sawn into symmetrical centre goods pieces maximising thicknesses. The widths of
the pieces are same as the height of the cant. Cant sawing phase produces also side board
billets. In the third phase of the operation side board billets are edged to allowed widths max-
imising yield.

Profile sawing method. Profile sawing method is in principal similar to cant sawing (Figure
7). However it is like a pipeline because all the operations are executed in the same straight
line by using fixed blade settings or by moving side board widths.

Live sawing method. There are two phases in the live sawing operation (Figure 7). In the
first phase log is sawn into thick flitches, centre pieces and thin flitches, pieces taking from
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the side parts of the log. All those flitches are transported to edging machines cutting them to
desired widths maximising vield.

Live sawing method as a part of component sawing. Component sawing method starts
by live sawing operation (Figure 7). The flitches received in the first phase of sawing are
transported to edging machines provided by scanning system and multi blade settings.
Scanning will result description of timber properties for optimisation value of wooden bars
taking from the flitch. The bars are cross cut into desired lengths.

Value yield as a function of - I

3 =
log top diameter ‘ 1] 1
~—
100 11 :
X % L |
[5) It
o & =
> s - ,
@ 70 Cant sawing Profiling L
= ks
2 e . =Tl
g ~——Component sawing s 5 \ |
- 50 i g
o ~——Live sawing | <
] =
@ 40 Cant sawing 1~ —
—
0 2
100 150 200 250 300 350 400 450 500 | ‘
Log top diameter mm
Live sawing Component Component
sawing sawing

Figure 7. Principal presentation about cant, profiling and component sawing methods. Value
yield as function of top diameter for cant sawing, live sawing and component sawing methods.

Three different sawing methods are compared in Figure 8. In the live sawing method the
slice can be edged into one or two sawn timber pieces. In the component sawing method the
slice can be divided into one or two bars, which can be crosscut into components. The best
value yield is achieved by using the component sawing method 2, value yield is 170 €/m? by
top diameter of 250 mm. By using the live sawing method, value yield is 150 €/m*® when the
top gliameter is 250 mm and in the cant sawing method the corresponding value yield is 135
€/m°.

It is absolutely necessary to take into account all the impacts each type of sawing method will
bring, e.g. transportation of sawn timber pieces, flitches, in evaluating and comparing cant
sawing method and live sawing methods.

Profile sawing method is sensitive for flexibility of changing saw blade settings (Figure 7). If
there is not possible to change setting you have to run saw line with fixed setting. This
means that you have to use the sawing set up which is good for smallest log diameter. Re-
garding bigger logs you may lose a lot of wood raw material into form of chips and saw dust.
In case the sawing system is very flexible and can adapt optimal sawing set ups for all type
of logs earning may increase radically, up to 20 per cent compared to fixed set up for all logs.
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Value yield as a function of log top diameter
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Figure 8. Value yield as function of top diameter for cant sawing, live sawing and component
sawing methods.

Technically there are four principles concerning execution of extracting boards from a log or
cant: frame saw, circular saw, band saw and chipper canter. Big advantage for frame sawing
is robustness. However surface smoothness is poor and feeding speed is low. That’'s why
frame sawing is disappearing. Advantages for circular sawing are high feeding speed, fairly
low price compared to capacity and good surface smoothness. Advantages for band sawing
are capability to break down big logs, good surface smoothness, high feeding speed and thin
sawkerf. Advantages for profile sawing are good surface smoothness and high feeding
speed. There is no need for edging machines because profiling includes also edging opera-
tion which means also reduced need for floor space.

Positioning of log and cant

Positioning and correct rotation angle of a log is very important. It's similar situation for a cant
as well.

Following issues have to take carefully into consideration by implementations

1. Quality of sawn timber has to be evaluated using scanners in terms of surface
smoothness, dimensional accuracy and quality of chips and saw dust. These factors
are also depending on feeding speed at sawing line. Target values have to be set
carefully and evaluated during performance analyses by purchase of new machines.

2. Based on sawing accuracy, shrinkage of wood raw material and evaluation procedure
concerning quality of sawn timber by customers target green dimensions have to be
determined.

There has to be a balance between sawline input and output and other departments.

Implementation of systematic quality control system for sawn timber pieces is neces-
sary

5. Implementation of systematic procedure for monitoring performance of machines en-
sures avoiding breaks. Evaluation can be done also thorough services from outsiders
like machine manufacturers.
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6. Implementation probably leads to improved quality and potential to reduce target
green dimensions. 1 mm reduce means 2.5 per cent increase in value yield.

4.4.1 Positioning of logs and cants

Correct rotation angle of a log in sawing has a major impact on value yield of log sawing. A
case study shows that the difference in value yield between the best rotation and the worst
rotation is on average 15 per cent for cant sawing (Figure 10) and 10 per cent for live sawing
(Figure 11). The variations are due to the fact that different volumes and grades of sawn tim-
ber will be received on different rotation positions. Log shape and internal log characteristics

have to be measured and taken into account in determining optimum log position in the saw-
ing operations.

The graphics in Figure 9 shows the impact of log rotation angle on value yield. Small differ-
ence in the angle may cause major change in yield. This is because of quality of sawn timber
pieces which is determined by positions of defects i.e. knots in the piece. Typically difference
between the highest and the lowest value is rather big.

100

99 +

97 -+

Relative value (%)

91 -

90

96 -

95 +

94 -

93 4

92 +

Value yield difference between best
and worst rotation angle
30
25
20
WIN{T46", 95.0 %)

15

10

Difference between value yield %

150 180 210 240 270

Log top diameter mm

1 ] 300 330
120 160

100

20 40 60 80 180
Log rotation angle °

Figure 9. Value yield as a function of log rotation angle for live sawing.

Positioning of a log is not an easy task even for sophisticated devices. Always some rotation
errors may occur due to mechanics. Loss in value yield as a function of rotation error for cant
sawing method and live sawing method are presented in Figure 12. Functions are linear. An
error of 10 degrees in standard deviation means 1.8% loss in value for cant sawing and 3.5%
for live sawing. Those errors have to be taken into account in optimisation procedures.
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Value yield as a function of log rotating angle
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Figure 10. Value yield as a function of log rotation angle for cant sawing.
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Figure 11. Value yield as a function of log rotation angle for live sawing.
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Figure 12. Impact of log rotation error on value yield.
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Positioning accuracy is also important in sawing of the cants (Figure 13). It is possible to
achieve maximum yield if sawing operation can follow the form of cant. Straight sawing of
curved cant may influence big economic losses up to 15 per cent by sweep parameter of 20
mm. Positioning errors have to be taken into account in the optimisation procedures concern-
ing all process control applications.
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Figure 13. Sawn timber value yield in the secondary breakdown of cant sawing as a function of
log total sweep and log top diameter class.

4.5 Sorting of green sawn timber

Green sorting of timber

Process

1970

2000

2020

Green sorting

Automatic dimension
sorting into bins

Automatic dimension and
grade sorting, more bins

More precise grade sorting,
more bins and higher speed
Real time control of dimensions

Figure 14. Sorting of green timber.
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At many sawmills sawn timber is sorted in green condition just after sawing operation. This
means that homogenous batches regarding the quality of sawn timber can be formed. In
some cases timber length is also taken into account as sorting criteria in order to manage
sawn timber length distributions.

Following issues have to take carefully into consideration by implementations

1.

Grading, quality sorting of sawn timber is normally based on colour scanners providing
information from surface properties and defects concerning four sides of sawn timber
pieces emphasising defects which may cause down grading of the piece.

It's important before buying and implementation of grading system to purchase infor-
mation about commercially available systems. Scanning technology providers can
provide information. However it's important to discuss with sawmillers already having
such systems. Colleagues may also offer possibility to carry out some trials using can-
didate’s own sawn timber pieces.

Implementation activities include mechanical assemblies of conveyors, scanners, sort-
ing bins etc. Scanners have to be connected into sawmills information system. Scan-
ners have to be provided by initial input data.

Before system is ready for production use, trials has to be carried out in order to en-
sure that whole system is working properly.

Implementation of systematic quality control system for automated grading. Implemen-
tation of systematic procedure for monitoring performance of machines ensures avoid-
ing breaks. Evaluation can be done also thorough services from outsiders like ma-
chine manufacturers.

Green sorting grader may provide an excellent tool to collecting data for planning of
production, harvesting or sales activities. This issues should be considered right from
beginning.

4.6 Stacking of green sawn timber

Figure 15. Stacking plant for green sawn timber.
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Before drying operation, packages are formed from piece flow. A package includes sawn
timber layers and ribs between layers for air flow thorough package in the drying process.

Following issues have to take carefully into consideration by implementations

P w0 PE

Stacking plant has to fulfil capacity requirements
Packages to be formed have to be stable
Mechanical handling of pieces must not break the pieces or ribs

Ribs are reused many times and that’s why handling of ribs have to be carefully in or-
der to ensure long life time

4.7 Drying of sawn timber

Drying

Process 1970 2000 2020
Drying Compartment and Increased number of Intensifying of present
progressive kilns progressive kilns drying methods

Figure 16. Drying process for sawn timber.

In wet condition sawn timber products exposure for damages, fungus etc. That's why sawn
timber has to be dried. Drying process is an important phase of sawmilling because final
quality of sawn timber is very much depending on the quality of drying process. Two main
types of drying system can be identified: kiln drying (Figure 16) primary for volume drying
and chamber drying for high quality drying.

Following issues have to take carefully into consideration by implementations

1. Requirements concerning drying have to be very precisely determined: sawn timber

dimensions and grades and corresponding target moisture contents, capacities etc.

Key issue in drying is avoiding cracks, splits and checks, because in the later manu-
facturing phases it's not possible to eliminate them. Cracks are critical properties in the
evaluation of quality of sawn timber. Cracks may cause radical down grading of piec-
es. In many cases the sawn timber parts having serious cracks have to cross cut away
which means loosing of wood and increasing amount of waste.

From the point of view of sustainable development, drying is extremely important in
processing phase, because at least 80 per cent of energy used at sawmills is used in
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sawn timber drying. This means that all actions to reduce energy consumption are
very important. Ways are i.e. pre-sorting wet sawn timber based on moisture content,
designing of drying schedules using simulators by skilled operators and advanced
control system.

4. Drying simulators describing progressing of drying from wet to dry conditions provides
good tool for designing drying system configuration and for strong support of effective
use of drying systems.

5. Essential parts of dryers are information system controlling operations. Design of con-
trol system is key issue in the implementation of drying. Drying technology providers
can offer their support during the designing process. Some research institutions can
provide also a lot of information, experiences and tools for designing phase.

6. Continuous control system for drying system performance control in important to de-
sign and implement.

7. Measuring of moisture content has to be done accurately in order to eliminate drying
errors and in order to adjust parameter in drying systems.

8. Drying batches to be dried in the same kiln or chamber simultaneously should contain
similar wet moisture content.

4.8 Sorting of dried sawn timber

Final sorting of timber

Process 1970 2000 2020

Final sorting Manual sorting Automatic | Self learning sorting automats. Knots could be
Limited number of sorting scanned at green sorting and knot information
grades, no customer could be used at final sorting by using marking of
grades, length sawn timber pieces.
sorting at separate Final sorting can also be carried out at green
plant sorting

Figure 17. Sorting of dried sawn timber.

Final sorting of sawn timber is very important processing phase, because grading has to pro-
vide exactly sawn timber pieces matching customer’s order(s) or specifications defined com-
pany’s sales people. Sorting criteria are dimension (thickness x width) and length. Quality
grading criteria are based on quality features of wood like knots, splits, wane edge, rotten,
annual ring width or orientation, spiral graing etc. Sorting and grading rules may be based on
standards or they may be customer specific.
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Following issues have to take carefully into consideration by implementations

1.

Grading of sawn timber is normally based on colour scanners providing information
from surface properties and defects concerning four sides of sawn timber pieces em-
phasising defects which may cause down grading of the piece. It is important to also to
see inside wood piece in order to get information from heart wood part orientation or
strength of the piece. Future implementations will be based on multisensor system
providing different type of information because different sensors are able to detect dif-
ferent wood properties with different accuracy.

It's important before buying and implementation of grading system to purchase infor-
mation about commercially available systems. Scanning technology developers are
able to introduce information. It's very important to discuss also directly with sawmil-
lers who already have the system of interest. Colleagues may also offer possibility to
carry out some trials using candidate’s own sawn timber pieces. Research institutions
and universities working on scanning field have very much relevant information sup-
porting decision making.

Implementation activities include mechanical assemblies of conveyors, scanners, sort-
ing bins etc. Scanners have to be connected into sawmills information system. Scan-
ners have to be provided by initial input data.

Before system is ready for production use, trials has to be carried out in order to en-
sure that whole system is working properly.

Implementation of systematic quality control system for automated grading. Implemen-
tation of systematic procedure for monitoring performance of machines ensures avoid-
ing breaks. Evaluation can be done also thorough services from outsiders like re-
search institutions or machine manufacturers.

Final sorting and grading system may provide an excellent tool to collect data for pro-
duction planning, harvesting or sales activities. This issue should be addressed right
from the beginning before implementation of new technologies.

In the final sorting phase sawn timber pieces are labelled with markings informing
normally about the supplier(trade mark) and quality class of sawn timber.

In the future is possible to mark the pieces also individually, which makes possible to
inform customers and end users about the origin of timber pieces. The markings can
be used also for identification of individual wood pieces.

Number of sorting bins has to be designed carefully taking future needs and business
concepts into account. Handling of pieces has to be sensitive, because it's not possi-
ble to correct mishandling afterwards.
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4.9 Packaging of sawn timber

Figure 18. Packaging of sawn timber.

Sorted and graded sawn timber pieces are dropped into sorting bins of final sorting systems.
The bins are emptied one by one on vertical conveyor transporting timber pieces to packag-
ing station where the sawn timber bundles are formed and providing cover against to rain.
There is also a label on bundles face informing about customer and content of bundle. It's
very important that the bundles look nice, because it’s like business card towards the cus-

tomer.

4.10 Deliveries

Figure 19. Wood products on the way to customer.
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Final phase of value chain is delivery to the customer.

5. Secondary Wood conversion

5.1 Sawn timber products

One of the key issues in the sawmill industry is that the future saw mills have to move for-
ward in value chain — from bulk products towards more value added products i.e. compo-
nents or specially cut and sorted timber pieces. This doesn’t exclude production of standard
products if their prices are high enough. Products and product families determine configura-
tion of value chains and production systems.

5.2 Marketing aspects

Sawmilling industry represents business area, where the absolute free competition has tradi-
tionally been prevailing due to hundreds of suppliers and hundreds of purchasers. Competi-
tion has been very hard and there has been a possibility to substitute products from one
supplier to another. This phenomenon has been very profitable for the importers and whole-
salers, who have been holding the information about the markets in their possession and
stopped the direct information flow from end-users to sawmills. Two factors have strength-
ened this. First the very general sorting rules, which have meant that no producers neither
the end-user really can use the characteristics to the best use. The other has been the fi-
nancing of trade and general small size of all related parties.

These hindrances can be changed in the favour of both end-users (further processing indus-
try) and the sawmilling enterprises and thus finally in the favour of wood as raw-material. As
sorting to custom specific rules is now possible through automatic scanners and thus one
sawmill can have tens or even hundreds of different qualities and dimensions, each pro-
duced to specific needs of certain end-use or next level processor. This is possible but needs
very sophisticated scanning devices and efficient information flow.

One change is the possibility to dispatch even small quantities (container / rail-wagon / lorry)
at affordable prices compared to full vessels, from producing countries to further processors.
But the most important is the possibility to transfer the accurate and on-line information be-
tween the supplying sawmill and the end-user / further processor. By eliminating the free
trade barriers, European Union has enabled also remove many factors, which have helped in
the process, such as easy transfer of money, no customs between EU-countries, same cur-
rency in most countries and necessary information flow being easy etc.

All above means, that the information flow is fast and accurate, contacts between related
parties are close and feedback from any necessary is fast. This enables to bypass the old
heavy and costly importer / wholesale level at least in the Inter-European businesses. This
will cause less bound capital in trade, better know-how of needs and qualities and as the
most important potential, less rejects and less waste and thus better competitiveness of
wood material.

As some sawmill producers are exporting sizeable quantities to North-Africa, USA and Far-
East (Japan and China) they are in many cases still forced to use old fashion importer struc-
ture. But the inevitable consequence of the model possible in Inter-European trade will on the
long run also become possible in exporting to more remote areas. One of the main obstacles
here being the long geographical distance, the trade practices and also in some cases cor-
ruption.
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5.3 Component products

Sawn timber can be upgraded into smaller wooden pieces, components. Figure 20 presents
potential of increasing value yield. Value increase is 150% when lower C-grade sawn timber
pieces are cut into components. When better A- and B-grade sawn timber pieces are up-
graded into components, value yield increase is 40%. In some pieces the value increase is
negative which means that there is also risk of losing money by upgrading. However this can
be avoided by sorting sawn timber before processing.
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Figure 20. Value yield increase or decrease by transferring bulk sawn timber production to
component type of production.

Component sawing

For assessing suitability of certain grade of logs for cutting some grade of sawn goods,
InnoSIM can be a very useful tool. In a case study, logs of a foreign species are concerned,
which, comparing with Nordic Scots pine logs, appear having less knots, however with con-
siderably bigger sizes. Additionally the logs are more likely to have bigger crookedness as
well, again compared with Scots pine logs.
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Figure 21. Volume yields of Clear-grade components with varying minimum component
lengths.

As wood components production is concerned, those logs with large knots or/and crooked-
ness suit better for component cutting than for lumber production. The reason is that these
defects are less harmful for component cutting than for lumber cutting. Preliminary simulation
results with a batch of sample logs have shown very high volume yield even for just cutting
clear-grade components (Figure 21). It is very interesting to notice that with growing mini-
mum allowed component length the yield drop is quite moderate, in an almost linear relation-
ship. This reveals also the special knot structure features of the logs.

While taking component production as a business concept, however, customers” needs and
profitability issues have to be assessed with care. Manufacturing costs are more sophisticat-
ed since component production involves much more material handling, production control
and coordination activities.

5.4 Aesthetic features

In quality and marketing research it is generally accepted that it is decisive to know consum-
er opinion on quality. Also, that the perception of quality is dynamic and changes over time.
These facts emphasize the need of continuously measure the signs from the market. Van
Kleef et al. 2005, state the importance of incorporating the ‘voice of the consumer’ in early
stages of the new product development process and that it is a critical success factor for new
product development. When studying a products quality and value together with consumer
preferences it has got both tangible and intangible dimensions whereas the issue of aesthet-
ics may be referred to the latter dimension.

Wood is a biological material with inherent aesthetic properties which can give the final prod-
uct a competitive advantage over other materials with incremental variations on outlook of
surfaces. Broman et al. (2001) have studied people’s feelings and preferences for Scots pine
(Pinus sylvestris) wood surfaces have been examined. Special methods have been devel-
oped for measuring people’s preferences toward different looks of wood and to connect the
subjective preference data with objective measurements of wood features.
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Figure 22. Samples representing the four different sorting strategies (A-D) used in the two
preference studies in Sweden and Norway. A1-A3 show the spread within the current sorting
and for the new sorting, B1-B3.

Interviews made clear that people prefer different blends of wood features (Figure 22). There
are two qualitative differences that are of importance for people's impressions and valuations
of wood: The overall blend of wood features and divergent features that mismatch in a sur-
face. It was found that divergent features are more important than the overall mixture of fea-
tures. But if there are no defects that mismatch, the overall mixture will then be the key to a
person's appreciation of a wood surface. Wood surfaces should stimulate people's interest
and be fresh looking. A clear surface is naturally rather harmonious, elegant and easy to look
at. On the other hand, a clear surface should be stimulating to look at, should be exciting and
it should not look like an imitation. Knotty surfaces usually are less harmonious. Therefore,
guestions about harmony, easiness to look at and balance are of importance. Just as for
clear surfaces, a knotty surface should also stimulate people's interest, have a fresh look, be
exciting and stimulating to look at.

Increased knowledge about people’s preferences for the aesthetic properties of wood will
lead to a better understanding of which wood features should be measured and controlled in
the future. In the future processing of wood raw material should emphasise more aesthetic
aspects. This means that aesthetic aspects have to be taking into account in all phases of
conversions starting by selection of stands and stems in the forest. It is important to develop
smart scanning and optimisation systems supporting manufacturing of aesthetic wood prod-
ucts. This approach offers opportunity to improve conversion chains in European sawmills
industry much.
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Figure 23. Conversion chain.

6. Adaptive optimisation of activities throughout conver-
sion chain

Traditionally different stages of the wood conversion chain have operated too much inde-
pendently. In the conversion chain the product of the former phase provides raw material for
the latter one. The raw material and semi-finished products are not optimal or even good in
respect to the final product. The incompatibility between the wood raw material, conversion
products and final product causes a lot of waste and considerable economic losses. The
stages involved in converting the wood raw material into final products influence on each
other as well as the result. To obtain a good economic result, the chain must be seen in its
entirety. The wood raw material has to be chosen taking into account the requirements of the
final products. This is the only way for optimal utilization of the wood raw material. The mate-
rial flow proceeds from the forest to the customers. The information flows in the same direc-
tion but should also take the reverse course.

Optimisation means determining the best possible solution within given constraints limiting
freedom in business. In the wood products business there are always three main types of
business constraints: Wood raw material, production capacities and wood products markets.
There always have to be the criteria to be optimised — maximised or minimised. One of the
most important criteria is annual profit. In the future criteria describing sustainable develop-
ment have to be taking into account in the optimisation procedures.

Concerning the wood chain, two types of optimisation can be identified: Global Wood Chain
Optimization seeks to achieve maximum profit in the conversion chain — from the forest to
the end product - in its entirety. In the global approach the supply chain phases are actively
interacting ensuring the best possible economical result. Sub optimization means a proce-
dure to achieve the maximum output in an individual phase of the conversion chain. In the
sub optimization different phases in the chain are in a loose interaction or they have no inter-
action at all. From the economic point-of-view, global optimization is much more important than
the sub optimization of individual process phases. The big advantages using the Global Wood
Chain Optimization approach are to

* manage to match the available wood raw material with the market demands and or-
ders,

* manage and control the procurement of wood raw material,

» promote dynamic lumber sales and marketing,

» control the production processes as a whole to achieve best possible value yield, min-
imum through-put times and minimum storages in the chain.

VTT Technical Research Centre of Finland has developed WoodCIM® (Figure 24) that is a
model and software comprising seven modules for global optimisation purposes. The system
describes the whole conversion chain from the forest to the end products. In industrial appli-
cations WoodCIM® system is normally linked to administrative information systems at the
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sawmill from where input data is available. WoodCIM® will deliver information for decision mak-

ing purposes.
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Figure 24. WoodCIM® consists of integrated software modules.

Important part of the future sawmill business is the creation of feedback information. In the
WoodCIM® procedure measured log or batch of logs characteristics are recorded to the sys-
tem as an output data. This output is then compared with the estimated output through
WoodCIM® software. The procedure results to information of possible needs to change pa-
rameter values in the software. If yes, new parameter values are determined and implement-
ed in the software. This is the way to improve prediction accuracy

6.1 Managing data and information flows

Different type and level of information systems has been implemented in sawmill industry.
Bigger companies have large information systems. Small companies have implemented sim-
pler systems. The movement is however very clear, future sawmill business is more pro-
cessing of information than wood material.

The triangle in Figure 25 presents the architecture and structure of a future information sys-
tem. This structure is already at least partly implemented in front edge companies. There are
two basic levels in the ICT system: process control level (floor level) and planning level.
Planning level can be divided into two parts: Administration level like material and storage
control systems, book keeping etc. and planning level which comprises tools for designing
activities and decision making. Process control level means individual machines and their
operations.

Interaction and integration of these three levels is very important in order to manage whole
business system properly. Planning level develops information and control value to be trans-
ferred to process control level and individual machines. A lot of information is collected from
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machines operating at the floor level. This information has to be transferred to upper, admin-
istration level where the data is processed and stored into data bases. Planning operations,
simulations and optimisation procedures needs also a lot of information from floor level and
also from orders, storages etc. This information is available through administration level.

Figure 26 presents in principle the amount of information in different stages of the forest —
wood chain. Measurements and observations throughout the chain produce data and infor-
mation. In individual stages information is growing rapidly. This information is, however, used
only locally. After the wood material has left the processing phase, almost all gathered infor-
mation is dropped. This happens all the way throughout the supply chain. It is not possible to
link final products, raw materials and processing parameters together. The picture also
shows an accumulated curve assuming that all the information from previous phases would
be available in the later phases. If the lost information could be regained, much more effec-
tive business could be realised. Information "recovery" can be achieved through marking
pieces, reading of the markings and storing the corresponding data in a database.

PROCE SS CONTROL EXECUTION - CONTROL
SORTING SAWING |KILN GRADING FURTHER
o / OFLOGS / DRYNG\ OF LUMBER '\ cONVERSION

Figure 25. Information system for sawmills.
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Figure 26. Recorded and lost information throughout the conversion chain.
A new system for an advanced control of forest - wood chain through marking pieces, read-

ing the markings and data processing establishes a strong opportunity to make better busi-
ness. The principal design of a Marking Reading Information processing (MRI) control sys-

tem is presented in Figure 27.
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Figure 27. Marking Reading Information system.
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Concepts for the industrial implementation of MRI systems have been created at VTT (Figure
27). Some concepts are based on the collective following of wood material batches produc-
ing information on how to process certain categories or classes of wood. Other concepts are
more detail oriented and necessitate following of individual pieces of wood raw material,
semi-finished products and final products. Economic analyses have been carried out to as-
sess the profitability of different concepts.

Marking of pieces can be done using different techniques i.e. RF-tags (Figure 28), tran-
sponders and ink jet markings. The most potential and economical marking method for forest
- wood chain at present seems to be colour marking, which can be done in the forest using
traditional equipment existing on harvesters, however slightly modified. For marking boards
an ink jet writer is capable to produce a high quality alphanumerical code.

Reading of the marking or the code on logs and boards can be done by a colour camera.
The core of the reading system is neural network based software for decoding the code.

A MRI-control system can be applied for many different purposes, and areas of the applica-
tions include quality control, process control, planning procedures and customer service.
Marking of pieces is also a way to show the origin of pieces and it can be used, for instance,
to ensure that the material originates from a certified source. MRI provides a new approach
for the management of material and information flows from forest to the end products sup-
porting customer oriented business and value-added production.

KILN
DRYING

Figure 28. RFID tag for marking of logs.

Some concepts are based on the collective following of wood material batches producing
information on how to process certain categories or classes of wood. Other concepts are
more detail oriented and necessitate following of individual pieces of wood raw material,
semi-finished products and final products

6.2 Optimisation of conversion chains

There are several essential questions to be answered affecting on the quality of the products,
value yield and profitability in wood working companies. For instance,
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* What is the value of a forest stand on the basis of the product specification?

» What is the optimum selection of the stands?

» What are the bucking instructions according to the actual products?

* What are the optimum log sorting procedures?

* What are the optimum grading instructions for sawn timber, flitches for manufacturing
of components?

* What are the optimum sawing set-ups for the logs?

«  What are the optimum wood product families — standard products or component
matching the available wood raw material?

* What are the optimum further conversion business concepts — products and manufac-
turing processes?

Optimisation means determining the best possible solution within given constraints limiting
freedom in business. In the wood products business there are always three main types of
business constraints: Wood raw material, production capacities and wood products markets.
For instance you cannot exceed maximum working hours in sawing line. There always have
to be the criteria to be optimised — maximised or minimised. The most important criterion is
annual profit. Practically this means to determine wood raw material parameters, processing
values and orders in order to achieve maximum profit through the bottleneck of processing.

RAW MATERIAL

Figure 29. Constraints in saw milling concern timber markets, wood raw material and capaci-
ties.

In the optimisation there must always be the criteria to be optimised. Typically in industrial
i.e. sawmilling business the criteria is profit — revenues minus costs. Thus the optimisation
problem is to find out maximum profit within frames of constrains (Figure 29). Practically this
means to determine wood raw material parameters, processing values and orders in order to
achieve maximum profit through the bottleneck in business environment. Often the bottle-
neck is capacity in the processing i.e. in drying or in break down operation. Sometimes it's
the availability of raw material

If we have exactly same batch of logs the conversion can result in 10 to 30 per cent more
profit if the processing parameters are correct compared to uncontrolled sawing. When the
sawmill switches from producing bulk sawn timber to manufacturing value added compo-
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nents, the difference in value yield may be even much higher. The main reason for the big
gap is due to the fact that the non-homogenous wood raw material requires many processing
phases that makes management and control of business difficult. This is why optimisation in
timber business - wood raw material harvesting, sawn timber production and sales activities -
is very important.

By using a sub optimization approach it is possible to achieve good “local”’ result, but from
the point view of making money the solution can be very poor. In the wood conversion chain
only the sales bring actual income. Raw material harvesting, transportation, processing and
inventories cause costs. Profit comes from income minus costs that is a simple equation to
be maximized. There are three possible ways to make a better profit

« reduce costs in conversion chain,
* increase income,
« Increase income and reduce the costs in conversion chain.

In some cases the ultimate aim is to reduce the costs. Typically this happens in wood raw
material procurement. This is really sub optimizing. The fact is that the quality of logs affects
directly on the quality of lumber and such also lumber prices and total income. It is almost
always better to invest money for producing better log quality distribution. Increase of income
can be activated by developing value added products or including service to the deliveries.

WoodCIM -- Software system for practical sawmill operation optimization

WoodCIM® is a model and software system developed by VTT Technical Research Centre
of Finland. The system describes the whole conversion chain from the forest to the end
products. It is comprised of the following integrated software modules:

« Simulation program for predicting the volume and value yield by sawing a log or a log
class,

» Program for optimising the limits of sawlog classes,

« Sawing model based on linear programming for production planning,

» Integrated optimising model “from stump to final product”, supporting bucking deci-
sions.

The WoodCIM® system can be linked to the product and material flow control system or oth-
er information systems at a sawmill, producing and transferring updated information for plan-
ning. WoodCIM® will in turn return information to be delivered to different phases of business
operations.
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[ VTT - WoodCIM® Software ]

Figure 30. WoodCIM® consists of integrated software modules.

The different modules of the integrated software (Figure 30) focus on maximising profit or
value yield, taking into consideration non-homogenous wood raw material, variation as well
as the process and market variables. The program system operates in a PC-environment
and provides by a user-friendly computer interface. The interface software contains a module
for checking the correctness of input data. The software modules also allow creation of dif-
ferent scenarios, i.e. theoretical production lines and products, which allows studying their
potential profitability.

Simulation software for predicting the volume and value yield for sawing set-ups

The simulation model mathematically “saws” the log or log class into sawn timber pieces by
grades according to the end-users’ specific needs, chips and sawdust. The best blade set-
tings and patterns for each log class are determined by simulations. Sawn timber pieces or
flitches can be further converted into components in order to optimise the secondary conver-
sion process.

The simulation program contains a description of the log and log class, sawing process, fac-
tors affecting the value yield and potential sawn timber products. Description of the log class
involves the determination of individual logs as objects of calculation. The mathematical de-
scription of each log can be divided into two components: description of the log shape and
internal features. Input data on raw material quality can be provided by the sawmill statistics,
through trial sawing or automatically by the scanning of the internal features of logs using i.e.
X-ray systems. Using the trial sawing method combined with statistics allows the creation of
mathematical quality distribution functions capable of predicting the probable quality distribu-
tion percentages of lumber pieces cut from a certain segment of the log.
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Figure 31. Examples of output data windows in the sawing simulation software.
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The input data for the simulator includes details of sawlog properties, nominal and green
dimensions of sawn goods, sawkerfs, and prices of sawn timber by dimensions and grade,
grade distributions of heartwood sawn timber and side boards allowed in sawing. The input
data are based on information obtained from research on wood raw material, sawing pro-
cesses and products and of the statistics from sawmills. The prices used in the simulation
are usually based on existing sales prices.

The software creates as output data the dimensions (thickness, width) and lengths by grades
probably achieved in sawing. The computer also calculates on the basis of the input data a cer-
tain number of economically best blade setting alternatives for a sawlog or sawlog class. It is
also possible to calculate the log sizes that give optimal production of heartwood lumber (Figure
31 and 33).

Optimisation software based on linear programming supporting planning of produc-
tion, harvesting and marketing

The optimum sawing strategies for a time period(s) (one month, for instance) can be drawn
using an optimisation model based on linear programming. The goal is to achieve the best
profitability for sawing periods. The possibilities of using the best blade setting for a sawlog
class are often restricted. There are always sawn timber dimensions and grades having only
limited demand on the market. In contrast, when the demand is high the desired product has
to be sawn from several different log classes. The WoodCIM® sawing model optimally com-
bines the log supply, sawing possibilities and sales (Figure 33).

OPTIMIZING of SAWING PERIOD

AVAILABLE LOGS SAWING PATTERNS ORDER TO
_— STORAGE
o ﬂ:’"ﬂﬁ 400 b 38X 125A 8m?
— e oy ’
e - h UL‘ 7| 38X 1258 12m3 | 3m3
= 38X125C 2m3
1200 . 800 lrm‘m .
' 50X 100 A 25m? 5m3
2000 pcs D=200

50X 100 B 65m?
50X 100 C 5m3

500 pcs D=250 ' 38X 175 AB 60 m?3
38X175C 5m? 5m3

50 X 200 A 30 m?

250 pcs D=300 50 X 200 B 50 m?

50X 200 C 5m?

Figure 33. Objective in the optimization activities in planning periods is to combine the orders
and available logs together yielding maximum value yield and profit. From the biggest log
class 200 logs meet the order.
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Planning model reports

Spruce Helemr!ce_l 1 | 2 | 3 | 4 | 5 | [3 | Fi | 8 | 9 |1l]| Profit and loss account Production of sideboards Center goods for supply
Enmpalignr:l 1 | 2 | 3 | 4 | L | 1 | 7 | 8 | 9 |1|]| Wields and capacities Available main d Sideboards from supply
Pine Helelencel 1 | 2 | 3 | 4[5 | 6 | 7 | 8 | 9 [10 Pmd.ucliun of center Available sideboards Plan for sawing by log classes
Comparison| 1|2 [3[4|5[6[7]08[9[10]
COMPAERISON EEPORT 05.06. 2006 14:45
Sawing period: 01.07.2006-31.12_2006 Yalue optimization

PROEIT AND LOSS ACCOUNT

Reference calcul. Comparizon calcul. Difference -
05.06.2006 14:30 05_06_2006 14:45

€ €Fz-m3 € €Ffs-m3 €
Output m2 92160 1 93611 1 1451
Savm timber
Center goods 9241101 100 9747475 104 5063714
Sideboards no wane 3932483 42 3643939 38 -288544
Sideboards with wane 1421365 15 1443243 15 21878
Total 14594950 158 14834658 158 239708
Byproducts
Chips 2367102 25 2309662 24 -57440
Saw dust 1771326 1 176849 1 -286
Bark 17031 o 17031 o o
Total 2861270 27 2503542 26 571727
Proceeds total 17156220 186 171338200 185 181930
Cost=
Ravwr material costs 12461471 135 12461471 133 o
Yariable manuf. costs 1105556 11 1115578 11 10022
Fixed manufact. costs 1002186 10 1002186 in o
Depreciations™ 802685 8 802685 8 o
Interests™ 3714862 £ 314862 £ o
Harket . +tadmin. costs 261830 F4 261830 F4 o
Operating margin 3589192 38 3761150 10 171958 -

Font [9 —-| Lines/ H
Fot [ =] Lines/[60] prm Close |

Figure 34. Main report of sawing optimising software.
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Figure 35. Production plan report. Use of sawing patterns listed by log classes.
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Input data contains details of log supply (available logs), yield factors produced by set-up
simulation, orders and sales potential, product prices and capacities of production lines dur-
ing the time period to be planned. The software estimates the profit for the time period, the
number of sawlogs to be sawn using a certain set-up, the number of sawlogs to be left in
storage and the product assortment (dimensions, lengths and grades) to be manufactured.
Shadow Price-analysis results in valuable information to management. Output reports of
WoodCIM-program are presented in Figures 34 and 35.

Several important steps are needed prior to the implementation of WoodCIM® software sys-
tem. The user has to define their requirements, a relevant database has to be created and
the user has to learn how to interpret the results. Management’s support is decisive to the
successful implementation and use of advanced computer-aided planning and controlling in
the sawmilling industry.

The effective use and further development of advanced planning software tools requires direct
communication between the users, industrial designers and planners and the software supplier.
Constructive dialogue results in ideas for adding new software features and also ways to im-
prove industrial business. VTT's WoodCIM® is based on two main pillars: wood science and
industrial knowledge. VTT will also in the future use all the latest research results for improving
our models. Our national and international co-operation partners ensure that the latest business
needs are taking into account in the development of WoodCIM®.

The WoodCIM® system can be used by different sized sawmills with various business
dimensions. Some of the world’s biggest sawmills, in addition to very small companies ser-
vicing local needs, have implemented the software. The different modules can be tailored to
match the individual needs of the customers, which are identified during the business analy-
sis by the implementation process. It is also very important to take into account specific mar-
ket conditions. Some WoodCIM® modules are also prepared to simulate and predict value
yield in the sawing of components for the secondary conversion industrial unities.

The WoodCIM® system has been implemented by manufacturers of sawmilling machinery
in order to support planning of new machines and production lines. Software modules can
also be a part of process control system, i.e. determining the best possible blade setting for a
log. Consulting companies can also benefit from using the software when making econom-
ical calculations for their customers. Universities, schools and training organisations are us-
ing WoodCIM® for demonstration purposes, i.e. education about factors affecting the profitability
of the conversion.

6.3 Optimisation of conversion chains (InnoSIM)

With the development of industrial scanning technology and the rapidly growing computing
power of modern computers (e.g. PC), more sophisticated sawing simulators based on real
log shape and internal defects can be developed and used in research and even in sawing
process control. The biggest advantage of such kind of simulator is that each individual log
could be sawn with an optimal way for the log so that the log is fully exploited with regard to
its value yield under the prevailing market condition. The InnoSIM sawing simulator, adding a
new functionality of research and analysis to VTT’s WoodCIM® system, is based on a real log
model. InnoSIM was developed to investigate the potential of value yield improvement as
logs are cut into dimension lumber or user-defined wood components. Input logs for the sim-
ulator were either built with a log reconstruction model where log external envelope, geomet-
rical shape of log internal heartwood core and internal knots are the main features of the nu-
merical logs. As outputs of the sawing simulation, the software presents sawing results as
dimension, length, grade of dimension lumber or user defined wood components for a simu-
lated sawing pattern under the condition of input sawing parameters.
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By wood components, we mean user-defined special sawn goods usually with special di-
mension and shorter length as compared with dimension lumber, but with strictly quality
specifications concerning knots, wane and other quality properties like grain angle, resin
pockets, checks, pith and annual ring width etc. The quality requirements can be specific for
each face and each edge of a component. Wood components are normally produced for
making furniture, joinery parts or finger-jointed wood products.

Traditionally dimension lumber products have well defined dimension series and widely ac-
cepted grading rules, mostly on a national basis like DIN 4074 in Germany for visual strength
grading or geographically accepted like in the Nordic countries, e.g. the Nordic Timber Grad-
ing Rules. Comparatively EN 1611-1 grading rules, which is a European standard for sawn
timber -- appearance grading for softwoods, can also be used for dimension lumber grading
for Scots pine and spruce. Dimension lumbers can also be alternatively graded according to
the Nordic visual strength grading rules for timber (INSTA 142). Hardwoods are graded to
different national standards as softwoods, and according to different national grading rules as
well.

Heartwood content based classification rules, which are defined according to customers' re-
quirements, are used to evaluate heartwood content class of lumbers. In InnoSIM sawing
simulator, Heartwood lumber classification is done by checking "heartwood wanes" of both
faces and the edge with more "heartwood wane".

Therefore the following data are needed for defining lumber and side products i.e. chips and
sawdust:

» Lumber grading rules with respect of knots and allowed wane rates for each grade
and lumber dimension;

« Components grading rules including limitations on knots and wanes etc.

» Heartwood content classification rules and prices for each class;

+ Components, lumber and side products prices.

Sawing process related input data for the model include following information:

+ Sawing pattern data (i.e. blade settings for different log diameter classes)

« Sawing process parameters such as saw kerf, data of green lumber sizes for given
nominal sizes.

» Other production system parameters specific to some sawmills.

Among the significant sawlog quality features, knots, in most cases, are the major concern in
determining lumber quality grade. Numerous researches have been carried out to identify
defects such as internal knots with modern scanning and measurement technologies (Oja et
al. 2003, Thawornwong et al. 2003, Rinnhofer et al. 2003, Bhandarkar et al. 2002, Baum-
gartner et al. 2010). In recent years, attention has been paid to the impact of heartwood con-
tent on quality and performance of sawn products (StoraEnso 2003, Sehlstedt-Persson 2002,
Venaldinen 2002, Pinto et al. 2005). It is understood that pine heartwood is more durable
than sapwood for a number of reasons. The good natural durability of pine heartwood, alt-
hough an old fact, has now obtained great interests from wood industrial sector as well. Stora
Enso, a Finnish forest giant, has developed a new product called WoodHeart® by fully ex-
ploiting heartwood core part of sawlogs (StoraEnso 2003). In order to find out full value of
sawing a log into end products, apparently in addition to internal knots and log geometrical
shape, heartwood core has to be also included in a real log model.

Another development trend in sawmilling business is an increasing volume of value-added
production, which includes a number of product options, such as strength-graded dimension
lumber and wood components for joinery and furniture industries. Accordingly for assessing
the economical results of production of such value-added products, there arose a need for
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simulating sawing logs into the value-added products. InnoSIM, a sawing simulator, was de-
veloped at VTT, Technical Research Centre of Finland, to meet these needs.

InnoSIM was developed as a tool for research and analysis of wood conversion chain. The
software simulates the conversion process of stems and logs for achieving better economic
output. InnoSIM simulates operations of the entire sawing process chain from tree stem
bucking to final end products lumber, wood components, chips and sawdust. Both cant saw-
ing method and live sawing method can be simulated to break down sawlogs into sawn
goods. The input stem/logs to the software are based on a log model which includes wood
quality characteristics essential to product quality, such as knots, heartwood, and external
shape etc. The output products are modelled for both standard dimension lumber and wood
components defined by customers' specific need. Therefore InnoSIM simulator imitates real
life breakdown of logs into sawn products. The software can visually present the input saw-
logs, sawing process, and output products.

6.4 Raw material characterisation

Assessment of stand
provides virtual stems

to be converted to
virtual sawn timber

Figure 36. The assessment of a stand can be done by using virtual stem approach.

Input stems/sawlogs for the sawing simulator are based on a stem/sawlog model defined
with an external envelope, an internal knots structure, and a heartwood core envelope, which
are shown in Figure 36 and in Figure 37. The sawlogs can be reconstructed with either the
so called flitch method, or the automatic method using scanning and measurement data of
sawlogs. However, no matter which of the two log reconstruction methods is used, the re-
constructed 3D logs have to comply with the defined log data model which is described in
detail below.

Concept of improved conversion chains for the European sawmilling industry 44



Grant Agreement No. 245136

FlexWood Deliverable 6.5
Flexible Wood Supply Chain
18] x|
Valitse kuvatyyppi Mik'z ::ﬁ:t:t;n Arna tokin pituus mm | 4800 [3s00 [3000 [3000 |
((,: gg ? Eﬂms Ryhma_Tukitus | Ykilglinen_Tukitus I
¢ Bot

Log cross-sections

Figure 37. External and heartwood core envelopes, and internal knots of constructed logs and
a stem.

Geometry of a reconstructed log is represented with a series of cross-section in the model
and the cross-section of each segment is described with 24 evenly dividing vectors (Figure
38). Likewise, with 24 evenly dividing vectors originating from log pith, heartwood core geo-
metrical shape is described numerically in the log model.
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Figure 38. Cross-section description with 24 evenly dividing vectors (xo, yo) is pith point of a
segment.

A knot of a log is numerically described with a group of parameters shown in Figure 39.
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Figure 39. Single knot parameters.

Following data are needed for defining lumber and side products i.e. chips and sawdust:

* Lumber grading rules with respect of knots and allowed wane rates for each grade
and lumber dimension;

« Components grading rules including limitations on knots and wanes etc.,

+ Heartwood content classification rules and prices for each class;

» Prices of components, lumber and side products.

Sawmill operation analysis with InnoSIM sawing simulator

In sawing simulation studies with InnoSIM, three sources of the numerical logs/stems are
available as input data for the simulator. The first one in the so-called flitch-method based log
construction procedure, which was developed at VTT in the 1990’s (Song 1999). More re-
cently a new approach was developed at VTT which reconstructs logs directly with extracted
information from X-ray scanning data of the logs. The third alternative is the growth model
based stem generating method which can easily generate large samples of virtual stems and
logs under a number of growth scenarios (Méakeld and Makinen 2003). Selection of a suitable
source of logs/stems is dependent on the nature and purpose of a simulation research.

A number of case studies have been carried out for sawmilling operation analysis with
InnoSIM sawing simulator at VTT. Simulation researches, just like experimental researches,
need good research design and sound methodology selection. Clear research objectives
should be set first of all, and an appropriate research methodology must be selected to en-
sure achieving of the research objectives. Quality of input data is crucial for achieving reliable
research results, as simulation results can never be more reliable than the input data.

6.5 How to implement WoodCIM® ?

Several important steps are needed prior to the implementation of WoodCIM® software sys-
tem. The user has to define their requirements, a relevant database has to be created and
the user has to learn how to interpret the results. Management’s support is decisive to the
successful implementation and use of advanced computer-aided planning and controlling in
the sawmilling industry.
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The effective use and further development of advanced planning software tools requires di-
rect communication between the users, industrial designers and planners and the software
supplier. Constructive dialogue results in ideas for adding new software features and also
ways to improve industrial business. VTT's WoodCIM® is based on two main pillars: wood
science and industrial knowledge. We will also in the future use all the latest research results
for improving our models. Our national and international co-operation partners ensure that
the latest business needs are taking into account in the development of WoodCIM®.

6.6 Who are the users of WoodCIM® ?

The WoodCIM® system can be used by different sized sawmills with various business
dimensions. Some of the world’s biggest sawmills, in addition to very small companies ser-
vicing local needs, have implemented the software. The different modules can be tailored to
match the individual needs of the customers, which are identified during the business analy-
sis by the implementation process. It is also very important to take into account specific
market conditions. Some WoodCIM® modules are also prepared to simulate and predict val-
ue yield in the sawing of components for the secondary conversion industrial unities.

The WoodCIM® system has been implemented by manufacturers of sawmilling machinery
in order to support planning of new machines and production lines. Software modules can
also be a part of process control system, i.e. determining the best possible blade setting for a
log. Consulting companies can also benefit from using the software when making econom-
ical calculations for their customers. Universities, schools and training organisations are us-
ing WoodCIM® for demonstration purposes, i.e. education about factors affecting the profitability
of the conversion.

7. Scanning of wood and product properties — scanning
and measuring technologies

Future grading will be based more and more on customer specific requirements and hence
also specific grading procedures will be needed. It is almost impossible for a human grader
to adopt and change continuously new grading rules, which makes the customer specific
visual grading particularly difficult. In order to avoid economic losses in standard grading and
in order to support grading according to the individual needs of customers, we need machine
vision based grading.

In the grading supported by machine vision physical measurements are carried out concern-
ing the surface properties or the internal characteristics of the wood material. Black and
white, colour or IR cameras are used in the measurements. The data is computerized into a
map of defects, which in turn is input information for the software to determine the quality of
the piece. X-ray scanning provides information for the internal characteristics of logs or sawn
timber pieces.

Log scanner systems for measuring shape and internal properties of logs can be used in the
following processes:

» Log sorting station - optimisation of borders of log classes based on order files.

» Bucking and cross cutting terminal - optimisation of cross-cutting of stems and sorting
of logs.

« Just before sawing - optimisation of log rotation angle and sawing set up for individual
logs.
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The purpose of X-ray inspection system is to detect properties of round wood. The analysing
software should be tailored to meet application requirements. Typical functions can include
measurement of dimensions/volume, moisture content, volume of knots, rot and other de-
fects and heartwood/sapwood ratio. In the future it's possible to get a full description of wood
properties i.e. individual annual ring structure and density profile.

Scanning of internal properties of stems and logs for characterisation wood raw mate-
rial and for optimisation of sawing operations.

X-ray scanning is a powerful tool for detecting internal differences of solid bodies. X-ray im-
aging is used to identify the internal density changes inside stems and logs such as knots
and defects. The system consists of X-ray sources (from one up to four). The voltage (energy
kV) and the current (intensity mA) of the X-ray tube can be regulated to optimise the meas-
urement for different objects. The optimisation is based on conveyor speed, timber thickness
and moisture content. The log is moved by a conveyor system which can also rotate the log
to any desired angle. Essential parts of the system are the detector and a controlling/data
logging computer. The measurement data are logged by a computer which convert into grey-
scale and saves it for later processing and analysing e.g. to reconstruct a 3D tomography
image of a measurement log or to be used as 2D images. For radiation safety, the X-ray in-
spection system is encapsulated in a large metal cabinet with lead lining inside (Figure 40).

The purpose of X-ray inspection system is to show the accurate position of internal wood
properties and defects, knots and heartwood / sapwood areas in logs. It can also detect de-
fects, which are not visible on any surfaces of wood. X-ray system can be used at inspecting
boards, planks and logs depending on the configuration of the system. The analysis software
is tailored to meet application requirements. Typical functions can include measuring of di-
mensions/volume, moisture content, detection of knots, rot and other defects and heart-
wood/sapwood ratio. Big variations in moisture content and density profiles may difficult the
detection accuracy and has to be taken account for when suitable X-ray systems is to be
chosen. It is not necessary easy to detect the border between living and dead parts of the
knots. This needs also to be taken account when designing optimization software which uses
the inside log information.

Scanners can be implemented at log sorting station, cross cutting terminals for stems and
also just before sawing machines.
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Figure 40. Special reconstruction software of X-ray data showing the X-ray images, a binary
image (knot/clear wood) and 3D-mesh image with knots and surface modelled.

Present situation. Only geometrical properties of stems and logs are measured providing
data like top and large end diameters, length, taper, shape of the log. In some cases logs are
graded visually into quality classes.

Information about internal quality aspects is not available

New technology implementation. Precise characterisation of logs and stems can be made
by scanners based i.e. x-ray technology combined with true shape data through laser appli-
cations. Depending on the system configuration, scanners provide in different detail level
information about knottiness, individual knots, density, annual ring orientation, moisture con-
tent etc. Scanners provide data for planning systems and process control for sawing optimi-
sation.

Measuring systems for characterisation and grading of sawn timber as well as sup-
porting secondary conversion

Multisensor scanning systems are provided with several sensors like RGB-camera, IR-
camera, microwave detector, ultrasound detector, x-ray camera etc. in order to detect all
wood properties of interest (Figure 41). Data fusion — combining information from different
sensors together ensures high resolution detection and identification result. System configu-
ration is depending on the type of wood raw material and products and the size of the mill.
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« Pinocchio

RGB-, IR- AND X-RAY INSPECTION SYSTEMS

Figure 41. VTT’s multisensor scanning is a powerful tool generating data of wood properties.

Figure 42. RGB, X-ray and IR picture of a board.

Sensors always produce images from the objects like a piece of wood. Figure 42 presents
the situation where the same board has been measured with a colour camera (RGB), a infra-
red camera (IR) and x-ray. We can see that there are big differences between images. Knots
can be detected using RGB or x-ray systems. Knots are invisible with IR sensors. However
IR detection is capable to give information about moisture content. These few examples in-
form that different wood properties can be detected with different sensors. Multisensor ap-
proach where information from different sensors can be integrated provides possibility to
confirm signals and increase detection accuracy.

Sensor signals are processed with algorithms providing information about type, size and po-
sitioning of individual defects (Figure 43) and finally map of all defects of scanned sawn tim-
ber piece. The map of defects is the input data for grading software calculating the quality of
timber piece.
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Figure 43. Image analyses provides 2D or 3D map of wood properties for grading and optimisa-
tion of secondary conversion options.

Present situation

Grading of sawn timber and components provides timber pieces in quality classes - classifi-
cation. Grading is visually made by human graders especially at small mills. Grading errors
cause big economic losses. It's difficult to learn human graders to adapt new grading rules
fast. Bigger sawmills are using automated grading mainly for replacing human grading. Col-
our and B/W cameras are used. Limited parameters are measured. Current systems are not
supporting further conversion and upgrading sawn timber into components.

New technology

Scanner based grading provides precise map of wood properties on four faces of entire
piece. Grading can be based on precisely defined customer’s specifications. However con-
ventional grading can be realised with high accuracy. Map of wood defects provides possibil-
ity to convert original sawn timber piece efficiency into smaller components in secondary
conversion phase. Information produced by the scanners can be stored into companies’ da-
tabase and used in management of business processes and process control systems. Spe-
cial low costs systems for SME’s will be developed.

8. Business concepts based on networking

In many industrial areas business is increasingly based on networking. This means active co-
operation between actors within network. This approach offers good opportunity to concen-
trate on narrower business sectors which means effective use of human recourses. It is also
possible to save investment costs because of simpler manufacturing processes. It's very im-
portant in the business networks to share the incomes correctly. This means very clear and
transparent rules.
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Figure 44. Business concept where wood raw material, logs are channelled to five sawmills
delivering a part of sawn timber output to commonly owned further conversion mill manufac-
turing e.g. components to renovation purposes. A part of sawn timber and component prod-
ucts are sold to own customers and rest to the network’s customers.

Figure 44 presents an example of business concept based on networking in which wood raw
material in the form of stems or part of stems are transported to cross cutting terminal where
the geometrical and quality features like knots are scanned precisely. Internal stem charac-
terisation can be done through x-ray scanning. Data processing provides mathematical de-
scription of stems which is used in the optimisation of cross cutting based on order file. The
logs are marked individually and transported to sawmill specialised in the sawing of certain
type of logs. In the entrance of sawing process the log mark is read. Based on this identifica-
tion optimum sawing set ups, blade settings are searched from the ICT system managing
information flows for entire network. After realisation of sawing operations sawn timber and
component pieces will be steered to further conversion processes and further to end use.

Business based on networking is not common so far, however it offers very big potential to
improve conversion chains in different European countries resulting better customer service
and economy.

Service concepts for sawmill industry

One corner stone for wood products industry future is the change of attitude towards service
element. Still now most wood product enterprises do not think that service is a part of their
operations, far from being essential. Partly this is due to old-fashion sales channels, where in
most cases importers and wholesales companies still have a very important role and their
interest is to keep suppliers and end-users away from each other. This has hindered the de-
velopment towards incorporating product and service together, which in many other indus-
tries is very essential. This challenge needs very open and comprehensive information flow
and exchange between the producer and the end-user. Today the novel means for commu-
nication and the free-trade zones have already opened the possibility.
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One hindrance is the small size of most producers combined with the need of secure flow of
products and services for the end-user. This again can be handled for example by arranging
several operators who are partnering in different methods to ensure the product flow and
service for the next level operator in the wood products value-chain.

There are also today very fine examples of for instance window manufacturers who are pro-
ducing the windows and taking care of logistics and finally assembling themselves or arrang-
ing with networked partner the windows into the building, thus having the full chain and re-
sponsibility in their hands. In the case of renovation projects this model will include even the
measuring of “old” windows and also taking care of dismantling them and the recycling of old
products as much as feasible, or at least take proper care of the waste. In this case also due
to unusual size windows and possibly the size of window frames, accurate and specially cut
raw-materials can be provided from sawmill, which has the open and direct communication
with the window manufacturer.
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products available wood inventories

raw material e

Manufacturing
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options simulations

l

ﬁ Principal design of manufacturing systems k——‘Con—sults

Detail planning of manufacturing ’ Selection of most potential ‘
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values ---> Aggreement
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( NEW MANUFACUTURING SYSTEM IN USE

Figure 45. Phases for implementation of flexible production and manufacturing systems.

Future sawmill business concepts and manufacturing systems are flexible and strongly sup-
ported by advanced information systems. Implementation of such systems includes many
phases and has to be planned carefully. Principal implementation concept is presented in
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Figure 45. First phase is always sawn timber market studies which means tracing potential
market sectors and future trends in the markets. It is important to define concrete demand
profiles, quantities of sawn timber dimensions by qualities including price estimations provid-
ing fundamental data for sawing simulations. On the other hand knowledge about available
wood raw materials, quantities, stem profile distributions, and quality features of stems has to
be clarified based i.e. forest inventories.

Sawing simulation software and models developed by research institutions i.e. VTT offer
tools to convert wood raw materials to final products utilising potential manufacturing sys-
tems which has to be designed. In the designing process number of parameter values has to
be determined. The work can be executed with the aid of production system suppliers or/and
research institutions. Simulation runs result information about value and volume yields, reve-
nue, sawn timber distributions by dimensions and qualities, distributions of component type
of products, production capacities by departments, bottle necks in the manufacturing sys-
tems etc. The most relevant manufacturing concepts shall be selected for further develop-
ment.

Based on information thorough simulations, design business concept and manufacturing
system can be started. Consulting companies and machine and system suppliers can exe-
cute or support this work by providing knowledge and information about processing parame-
ter values and costs of equipment. The outcome of this phase of implementation is the selec-
tion of most potential manufacturing options. This means fixing target parameter values for
production.

Next phase provides description of requirements for individual processing phases including
performance targets and guarantee values and procedures how to evaluate weather values
are fulfilled or not. Next step is to ask offers from potential and reliable machine and system
suppliers. Offers include detail description of technical specification, prices, delivery times
etc. Internal company evaluation leads to select supplier or suppliers. Finally purchase
agreement will be signed. Agreement must be very clearly written, because the byer has to
understand what the seller is selling and vice versa.

By the implementation of new ICT systems it's very important that the users are right from
the beginning strongly involved in the designing work. Because the really know how the new
system has to work and support the users work.

Realisation of manufacturing processes includes typically assembly of machines, information
systems and integration of technologies and ICT systems. Processing parameter values are
defined in co-operation between machine manufacturers, ICT suppliers and the sawmill staff
followed by start-up and trial sawing operations. Important part of the realisation phase is
training of sawmills staff for effective use of new production systems. It is also important to
deal information during the whole implementation process. This is especially important by
implementation new ICT systems.

The final stage of this long procedure is the assessment of performance against guarantee
values is carried out. If the values are not fulfilled, the supplier has to execute improvements
in order to reach the target values. If the system cannot be reached, the price has to be re-
duced.

Key issues on the implementation of flexible and future manufacturing systems in the
sawmilling industry

1. Future sawmill business will be more processing information than wood raw material.
Relevant data has to be collected, converted into information and knowledge and final-
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ly stored into data based and used planning operations, business control and process
control.

Processes has to be provided by smart machines, advanced machines and systems
Self-learning machines. Self-adjusting machines.

Flexible machines for adaptation of different wood species, different wood qualities,
different type of products, standard sawn timber, value added products, different prod-
uct mix sawn at the same time.

There has to be god capacity balance between different phases of manufacturing
chain and departments. Incompatibly between different departments affects economic
losses.

Automated monitoring of the performance of individual machines. Direct links to ma-
chine and system suppliers

Information systems covering entire conversion and supply chains
Advanced sawing simulators for determination of sawing set ups

Advanced models for optimisation of business outcome taking into account of availa-
ble wood raw materials, orders or potential orders and production capacities.

Skilled and motivated staff and people are keys for success. Advanced machines and
systems needs educated and trained users and operators.

Positive working environment for people.

Business support from service providers.

Continuous monitoring of future trends and customer satisfaction.
Timing of investments should be carefully defined.

Design of new sawing lines and machines through simulations in order to estimate in
advanced: profitability, manufacturing costs, production performance, volume and val-
ue yields, flexibility,

Designing, planning and implementation of manufacturing systems have always to be
started through market studies and products specifications. Products should be in the
first hand value added components with specific dimensions and quality requirements.
Standard bulk products may be also a part of products mix especially if the quality of
wood raw material is low.

Manufacturing has to support sustainable development taking into account economic,
environmental and societal aspects.

Technologies to prof the origin of wood species.

Business in networks has to be considered carefully. Potential domestic and foreign
partners
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