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3,2 Sawing

Before selecting the head rig, it is necessary to prepare the log
conversion plan which includes: species available, maximum diameter (here
the average diameter has a minor importance) and above all whether the species
are one or more, With different characteristicse finally, which are the

specifications for sawn lumber (boards, beams, railway ties, etc.).

Another lecture during this cour=se covers more detai 1s about feeds
and speeds and tooth shape for log break down. Here we recall the .
problem of internal stresses. It is necessary to carefully study the most

advantageous solution out of the following three:

a) perform the sawing in parallel boards (sandwich sawing) leaving the

boards free to open in the centre;

b) make use of a frame saw with two blades in order to eliminate four off-

cuts (or slabs) passing the log twice through the frame. The wane

edged timber will then pass gang frame saw}

c) use band head rigs with two circular sawing units to edge the board

simultaneously or for center rip cuts to eliminate to loose: stresses.

The circular saws are adjusted perpendicular to the sawing plane

of the band saw and can also cut out the brittle heart, when required,

Resinous wood species will be sawn with a spray system which sprays
a solvent to the blade, avoiding sticky spots on the tool. Finally, the
use of a scratch-brush or a similar device is recommended to remove the

adhering sawdust from the sawn surface.

Board cross cutting or trimming is done by circular saws with
special teeth shapes and set suitable cross cutting operations. The present
trend is to use inserted teeth made of wolfram carbide plates, especially

when hard and abrasive woods with mineral particles have to be worked.

In wood industries where wood with toxic extratives have to be
machined causing trouble to the workers, it is recommended to install a
chip and dust exhaust plant (workers should wear a mask on mouth and nose and

wear gloves).
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It is also very important to study the material flow in the saw mill,
to decide on conveying and transport equipment for lumber and waste material
(viz: slabs, edgings, trimmings, offcutsets which should be hogged and stored

in silos.)

3«3 Peeling and Slicing

The dimensions of the logs are the factors which determine the
power requirement for operating the lifting units at the peeling and slicing
machines. On the other hand, the cutters, the kilns, glue spreading
machines, presses and sanding machines must fit to the dimensions of the

finished product,

Since there is the possibility of having to face some "brittle hearts"
the peeling machines must be built in such way as to be able to use jaws with

different diameters.

Steaming vats have to be adjusted to any quality of wood, both from
the point of view of steam temperature and of the length of treatment:
it is very difficult to establish general rules for wood species which are
known insufficiently. In this case collect applied experienced data for

setting rules.

3.4 Milling (planing, shaping, turning, boring, recessing).

The easy performance of all these operations is strictly connected

with the wood density, the grain direction of the fibers, the resin content

and silicon inclusions. The concept of the required machines is not influenced

by these elements, which are on the contrary essential for applying the

correct tool geometry with the approoriate tool steel,

In a large plywood factory the recovery and use of waste in form
of pre peelers, or peeler cores is an operation of great technical and
economical importance which neither cannot be neglected nor undervalued }
it is therefore rec yomended to observe the factors already from the start up
of the production.

3.5 Glueing, lacuqering and finishing.

Here it is necessary to repeat some analogous considerations, that

1s to say that the required equipment is equally used both for tropical
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or non tropical woods with the only difference that for oily or greasy
woods, such as Iroko and Teak, it will be necessary to add to the
production line a preliminary phase destined for eliminating from the
surfaces all the substances causing problems in bonding and coating

operations.

3.6 Kiln drying

Here we do not want to discuss the selection of the drying kilns
from the point of view of the system to be adopted, but recall that, under the
influence of steam and heat, tropical wood species, very rich in extractives,
release some substances which are corrosive for plates, pipes and for the
equipment at all., This feature should carefully be considered when selecting

kiln with hot air systems.
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1. Introduction

Having to select a machine tool it is necessary to consider first
of all the characteristics of the raw material to be worked, 1in this
case the wood. However, the wood 1s not a homogeneous material with
constant characteristics: there are many parameters which interfere
to modify the hardness, the resistance to tool progress and wear, etc.
Among these paramenters the most inportant are the volumetric mass,

molsture percentage, direction of cutting for logs also the diameter.

In woodworking industries utilizing timber from countries with

temperate climate, machines have to be installed appropriate to these

features and remain unchanged during the entire life of the machine,
thus calculations can be made and the machines can be tuned to the
machining operation. Considerung for instance coniferous logs to be
cut for joinery works the wood to be machined has a demnsity in greem
conditions of 700 to 300 kg/cu.m; with a moisture content below 60 per
cent and diameters varying between 25 and 50 cm. Well established
working conditions are based on many years of experience which allows
to evaluate the influence of varying conditions of log bteakdown on the
head saw, viz: shape of tooth, feed of carriage, cutting speed, power
required. These basic parameters will then lead to qualified selection

of equipment.

But in countries where conditions are changing very often which
is the case in tropical countries because of the wide variety of wood
species and large dimensions of the logs one has to consider average

measures.

As all technical experts participating in this course have to
select the machines suitable for working tropical woods, it seems
necessary to draw the attention on the characteristics of tropical wood
species which can influence sawing, planing, peeling, slicing operations
when working with different tools, when applying different glues, lacquers
and finishing materials; kiln drying operations will be discussed under

item 3.6 .
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2. Peculiar Characteristics of Tropical Woods

Here we have to rise the question: which are the differences between
wood species grown in tropizal or temperate regions ? There is no clear
boundary at all because "Natura non facit saltus" (the nature does not

jump) but the frequency of certain characteristics

2.1 Dimension of Trees {

Trees grown on a suitable soil in view of ecology, either for tropical
or for temperate forests, much larger dimensions will grow in tropical
regions. Everybody knows the marvels of Nature represented by the
Sequoias and the Douglas Firs of North America or by the Eucalyptus of
Australia, which are both Temperate Regions. However, when considering
at all the trees exploited in specific ountries, and not the single tree,
we come to the conclusion that the average tree size in Tropical regions

is surely larger than the one grown in Temperate regions. As a matter

of fact, in the forests of Burope and North America which are rationally
managed, a tree is considered mature when its diameter is between 40 and 60 cm
at breast height: under easy loading and transport conditions, also the
trees which reach a diameter between P and 15 cm can find their market.

In tropical forests, selection is based on high quality species often
connected with difficulties in logging operations: Trees selected

for felling are those of high volumm, first grade quality, primary species
svhich cover best all expenses for felling, logging, transport, yard handling,
etc. Trees to be considered in here are all in the large diameter category:

ranging from 50 to 60 cm minimum to 1.50 up to 2 meters maximum.

While in the past trees were cut in to saw logs and peelerlogs of
reduced length, the present trend is to bring the longest possible
dimensions, which can be handled by cranes on tractors, fork lifts, trucks
and other power units, notwithstanding both weight and dimemsion limits

of the logs to be moved.

2.2 Intermal Stresses

Few foresters and technicians are aware of this subject which is
extremely important because of perplexing consequences due to the forces

in the standing tree and which break out after the felling operation or in



i womver,oor. The phenomens which 16 vie biy caused bty tress force:
can te e erved more often in trojical wool crecies thar ar lops grown
n temperate tiimates, viz:  beech, onk, eucalyptus. and some fas! prowing
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Jed  Eatracives and Inclusions

Will: of wood cells are composed of three groups of structural
substancec, namely cellulose, hemicellulose, lignin, commar. for all woods
but the percentage of composition is different, However, these are not
the oniy constituents of the wood, because i1n the ligneous tissues il 1s
possible to find two other categories of substances depogited in the
cell sap. First the soluble substances, called "extracts" and insoluble

materials.
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fthe extractives can vary from one specle to ano'her and,

concejuently, {etermine 1n the woods specific and peculiar characteristics,

several tropical species, especlally the dark-colored ones have a
remarkable content of extratives: these compounis (e.g. tannins) can
increace the wood resistance againet biological deterioration and thus
be protectively useful, other compounds can, on the contrary, etch
the tool steel kiln fittings, stain steamed wood, or cause troubles
to the workers exposed by durt generated during machining and sanding

sperations,

A rubber resin or tacky substance can be troublesome for
sawing and mill:ng operations because of resin particles on the toolj;
this 15 not a specific peculiarity of tropical woods, however 1t can
cause real troubles when working certain species of woods. However,
the most prejudicial cases are due to the presence of insoluble mineral
substances in the wooden tissue with high hardness characteristics,
The.e rubstances (usually phosphates, carbonates or si1licates) can
nroiuce some agglomerate which appear like irregular stones, even as large
a5 1 fist, disseminated in the wood (e.g. species like Iroko or some Meranti)
or compound materials 1n internal cracks and fractures of the log (e.g.

Dousgié),

These compound materials inevitably oduse gullet cracking in the
saw blades or 1n the cutting edges of the tools. Instead of aggregating
to a certaln volume, the insoluble substances can sometimes be scattered
1n crystals or granules of smaller diameter (1/50 to 1/20 of mm) inside
the cell cavity; the wooden tissues look perfectly normal but when
sawing an increased load 1s noticed causing fast teeth wear. KEven though
the secrystale are not always of s1lica only, the wood species are called

"t1li1ceous.

Te forest administrators and sawyers are much afraid of these woods
because machinability 15 difficult and expensive, Tropical wood species
xnown for their troublesome characterstics when machining are: Akatio, Makoré,
Arobé, Movingui, Mukulungu, Arel1é, Abiurana, some Lauan and Meranti,
the Geronggang, Kapur, Keruing, Mergkulang, Mersawa, etc. It is again

necessary to underline that the presence of certain substances of toxic
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nature 1n extractives can cause inconvenience to the workers? health;
this 1s for instance the case of Beté. Obviously, this has nothing to
do with the power or type of machine to choose, but it requires a very

accurate study of the removal systems for sawn offcuts and saw dust.

2.4 Deviation of Fibers and Tissues

The tropical woods, more frequently than those of the temperate
regions, have the fiber direction which is not orierted parallel to the

log axas,.

The result is a marked counterlip which makes sawing, planing and
sanding difficult, but can at the same time, if the fibers are divided
into narrow and parallel bands or follow certain arrangementc, increase
the value of the woods for decoration. This is the case of Sapelli, Sipo,
American Mahoganies, Ipe Tabaco, Afrormosia, red Luans, etc. Finally,
after discussing the general characteristics of wood, we will follow the

operations of log conversion and lumber remanufacturing.

3« Notes about log and lumber conversion

3.1 Log yard operations

Log handling equipment for lifting and transport has to be rigid and
high powered and must be of large flexibility in operation. If log
storage cannot be done in log ponds it will be necessary to install
wprinkler systems to keep moisture content in the wood, thus avoiding the drying

cracks and reducing the damages caused by wood-borers, insects and fungi.

The log storage shed must be provided with a set of appropriate cross-
cutting saws; the ones actually used are practically always the chain saws of
great length, which can be easily moved manually or are mounted on very low
carts; 1t will also be necessary to hive some metal brushes and monitors

to clean properly the logs before sawing.

In regions where 1t is possible that the trunks include metal splinters
(areas where some fighting or guerilla war took place) it is recommended

to operate with metal detectors to locate hidden metal splinters.
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such as slabs, edgings, trim ends,offcuts, etc, which should be

chipped and stored 1n silos,

Jo3 Peeling and Slicing

The dimension of the logs 1s a factor which determines the
power requirement for operating the lifting units at the peel ing and
slicing machines., On the other hand, the cutters, the kilns, glue spreading
machines, presses and sanding machines must accommodate the dimensions of

the finished product.,

Since there is the possibility of having to face scme "brittle heart:"
the peeling machines must be constructed i@ such way as to be able *o uze

jaws with different diameters.

Steaming vats have to be adjusted to 'my Juality of wood, tcth from
the point of view of steam temperature ani of the length of treitment:
1t 18 very difficult to establish general rules f> wond percies which are
known insufficiently, In this case collect applred :search andi experienced

data for the establishing of rules.

3.4 Milling (plan:ng, shaping, turning, boring, recess.rg).

The workability of all these operations is based on the
wood density, the grain direction of the fibers, the resin content and
s1l.:on inclusions. The concept of the required machines 1s not influenced
by these e.=ments, which are on the contrary essential for applying the

correct tool geometry with the appropriate tool steel.

In a large plywod factory the recovery and use of waste 1n the
form of pre-peelers, or peeler cores is an operation of great technical
and economical 1importance which cannot be treated lightly and 1t 1s
therefore recommended to recognize the various factors right from the

start-up of the production,

3.5 Glueing, lacquering and finishing.

Here it is necessary to repeat some analogous considerations,
that 18 to sgy that the required equipment is equally used both for tropical

or non-tropical woods with the only difference being that for oily or
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greasy woods, such as Iroko and Teak, where it will be necessary
to add to the production line a preliminary phase destined for
eliminating from the surfaces all the substances causing problems

1n bonding and coating operations.,

3.6 Kiln drying

For the reason that another paper will be presented to
deal exclusively with drying of timber products this report will not
attempt to examine the selection of dry kilns but again wishes to
make mention of the fact that under the influence of steam and heat,
tropical wood species, very rich in extractives, release some
sutstances which are corrosive for plates, pipes and for the
equipment 1n general., This feature should therefore be borne in m:nd

when selecting kilns with hot air systems.
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1« Introduction

Having to select a machine tool it is necessary to consider first
of all the characteristics of the raw material to be worked which in this
case is wood. However, wood is not a homogeneous material with constant
characteristics there are many parameters which interfere to modify
the hardness, the resistance to tool progress and wear, etc., Among
these parameters the most important are the volumetric mass, moisture

content, direction of cutting for logs, as well as the diameter.

In woodworking industries utilizing timber from countries with
temperate climate, machines have to be installed which will meet these
features and remain unchanged during the life of the machines, thus
calculations can be made and the machines can be tuned to the machining
operation. Consider for instance coniferous logs to be processed for
joinery material where the wood to be machined has a density in green
form of 700 to 900 kg/cu.m; with a moisture content below 60 per cent
and diameters varying between 25 and 50 cm. Well establisned working
conditions are based on many years of experience which allows for
evaluating the effect of varying conditions for log breakdown on the
h .ad saw, such as shape of tooth, feed of carriage, cutting speed, power
requirements, etc. These basic parameters will then lead to qualified
selection of equipment. However, in couniries where conditions are
changing very often which is the case in tropical countries because of
the wide variety of wood species and large dimension of the logs, one

has to consider average measures,

A8 most technical experts participating in this course have a part
in the selection of machines suitable for working tropical woods, it
seems neceesary to draw attention to the characteristics of tropical wood
species whioh can influence sawing, planing, peeling or slicing operations
when working with different tools, applying different glues, lacquers
and finishing materials; kiln drying operations will be covered under
item 3.6,

i




2., Peculiar Characteristics of Tropical Woods

2.1 Dimmmsion o¢f Trees

It is known that in the growing of trees, either in tropical
or temperate forests, much larger dimensions will develop .n tropical
regions. There 1s no secret about the marvels of nature represented by
the Sequoias and the Douglas Firs of North America, or by the fucalyptus of
Australia, which are both temperate regions. However, when taking into
account all the trees exploited in specific countries, and not just the
single tree, we come to the conclusion that the average tree size 1in tropical
regions 1s indeed larger than the one grown in temperate regions. As a
matter of fact, in the forests of Furope and North America which are
rationally managed, a tree is considered mature when 1ts diameter is
between 40 and 60 cm at breast height, also the trees which reach a
diameter between 12 and 15 cm are being extracted from the forests. In
tropical furesis, selection is based on high quality species which however
at times present problems in logging operations. Trees selected for
felling are those of high volume, first grade quality and primary species,
which bring the maximum return in expense for felling, logging, transport,
yard handling, etc. Trees to be considered in this category, are all in
the large diameter class, ranging from 50 to 60 cm minimum to 1,50 up to

2 meters maximum,

while in the past, trees were cut into reduced lengths for use as saw
logs and peeler logs, the present irend 18 to bring in the longest possible
lengths which can be handled by mobile or stationary cranes, fork 1ifts, trucks

and other powered units, notwithstanding the weight or dimension limits of the
material to be transported.

2.2 Internal Stresses

Few foresters and technicians are aware of this subject which
is extremely important because of perplexing consequences due to the forces
in the standing tree and which break out following the felling operation ov
in log conversion., The phenomena which is visibly caused by stress forces
can be observed more often in tropical wood species than in logs grown

in temperate climates, such as beech, oak, eucalyptus and some fast growing
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poplars; compared with species of tropical countries, some of which are

Akatio, Agba, Azobé&, Emien, Ilomba, Limbali, Makoré, African Mahogany,
Ossoko, Sipo, etc.; Asia, Balau, Bintangor, Durian, Geronggang, Inzia, Kapong,
Kapur, Keruing, Lauan, Mayapis, Mangkulang, Meranti or Seraya, Merawan,

Rosewoods, Sao, Terap, etc.

The internal stresses, the theory of which is too complicated and
long to be explained here, mark themselves ~ in the standing tree -
through a stress at the stock periphery and a compression in the internal
part, close to the pith, When the tree is felled and cut all these forces
lossen and consequently the periphery tends to shorten, the internal part
to lengthen and the final result is cracks, in the shape of crow!s feet,
starting from the pith, It often happens that these cracks reach the
periphery and really open the log into 4 or 5 independent sectors, out of
which it is not possible to produce a profit. However, even if there are
not such large cracks, at the sawing time the boards are under stresses at
their ends and open or undergo a strong deformation., The internal stresses
are often accompanied in the tropical species by the so-called "brittle heart"
which is a central wooden area devoid of any fibrousness and with lower
mechanical resistance; along the entire brittle heart area it is also
possible to find a succession of cross cracks in the wood on the internal side

of the log; it is evident that this wood cannot be used for any building

or joinery work.

2,3 Extragtives and Inclusions

Walls of wood cells are composed of three groups of structural
substances, namely cellulose, hemicellulose, lignin, common for all woods
but the percentage of composition is different. However, these are not
the only constituents of the wood, because in the ligneous tissues it is
possible to find two other categories of substances deposited in the cell sap.
First the soluble substances, called "extracts" and insoluble materials,
The extractives can vary from one specie to another and, consequently,

determine in the woods specific and peculiar characteristics,

Several tropical species, especially the dark-colored ones, have a

remarkabl e content of extractives: these compounds (tannina) can increase

the wood resistance against biological deterioration and thus be
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protectively useful, while other compounds can, on the contrary, damage
the tool steel kiln fittings, stain steamed wood, or cause troubles to
the workers exposed by dust generated during machining and sanding

operations,

A rubber rusin or sticky substance can be troublesome for
sawing and milling operations because of resin particles on the tooly
this 1s not a common peculiar:ity of tropical woods, however it can be
a problem when working certain species of woods. However, the more
serious cases are caused by the presence cf insoluble mineral substances
in the wooden tissue wiih high hardness characteristics, These
substances (usually phosphates, carbonates or s1licates) can produce
3ome agglomerate which appear like irregular stiones, even as large
as one's first, disseminated in the wood of certain species, such as
Iroko or some Meranti, or even compound materials in internal cracks

and fractures of a log, as in the specie Doussie’

These compound materials inevitably cause gullet cracking in the
saw blades, or in the cutting edge of the tools. Instead of aggregating
to a certain volume, the insoluble substances can sometimes be scattered
ln crystals or granules of smaller diameter (1/50 to 1/20 of mm) inside
the cell cavity; the wooden tissues look perfectly normal but when
sawing an increased load is noticed causing fast teeth wear, Even though
the se crystals are not always entirely of silica, the wood species are

called "si1li1ceous",

Forest officials and sawyers are concerned with these woods because
machinability 1s both difficult and expensive. Tropical wood species
known for their troublesome characteristics when machining are: Akatio,
Makoré, Azobé, Movingui, Mukulungu, Aielié, Abiurana, some Lauan and Meranti,
the Geronggang, Kapur, Keruing, Mengkulang, Mersawa, etc, It is again
necessary to underline that the presence of certain substances of toxic
nature in extractives can cause problems with the workers! health;
this is 8o in the case of Beté. Admittedly, this has nothing to do
with the power or type of machine to sel ect, but it requires a very careful

study of the removal systems for sawn offcuts and saw dust.
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2.4 Deviation of Fibers and Tissues

The tropical woods, more frequently than those of the temperate
regions, have the fiber direction which 15 not oriented parallel to the
log axis. The result 1s a marked counterlip which makes sawing, planing
and sanding difficult, but can at the same time, 1f the fibers are divided
1nto narrow and parallel bands or follow certa:n arrangements, 1ncrease
the value of the woods for decoration. This 1s the race nf sapelli, Gipo,
American Mahoganies, Ipe Tabaco, Afrormosia, Red Luans, e*c. Finally,
having covered the general chara-teristics of wood, we w:'| follow the

operations of log conversion and lumber processing.

3. Notes about log and lumber conversior

3«1 Log yard operations

Log handling equipment for 1if: re= ami trancpor' »e: - - tgo be
rigid and high powered, besides being verv flexible v o0+, . r. if log
storage cannot be accomplished 1n log :nids it than Leco« e necessary ‘o

create a log concentraticn yard whict rowadays 1s a commer  ‘hing as 1t
allows for easier hani ing of the logs which when brough: .n from the forest
are sorted and stacked in piles which are covered by sprink. «r syutems

te protect against end checking, splitting, insect damage, el!z, In using
“I.© .yrinkler system it also affords protection against fire damage or

loss "1 ¢ises of extreme hot and 4Ary weather.

The log storage must be provided with a set of appropriate cross-
cutting saws; the ones normally used are of the chain saw type,
which can be ersily moved either manually or are mounted on very low carts;
1t 18 also necessary to have some metal! brushes and monitors to properly
clean and inspect the logs before sawing. Additionally, 1n regions where
1t 1s possible that the logs include metal splinters (areas where some
fighting or guerilla war took place} 1t 1s recommended to use metal
detectors to locate any hidden metal splinters, or other similar foreign

body which might be present,

3.2 Sawing

Before selecting the head rig, it is necessary to prepare the log

conversion plan which includes: species available, maximum diameter (here
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the average diameter 1s of minor importance) and above all whether the
species are one or more, with different characteristics; finally, which

are the specifications for sawn lumber (boards, beams, railway ties, etc.).

While this paper is not going to examine the sawing techniques such

as feeds, speeds, shape of teeth, etc. for breakdown of the log 1t does

wish to dwell somewhat on the problem of internal stresses and in this connection

believe 1t 1s worth the effort to study the most advantageous solution out

of the following three:

a) perform the sawing in parallel boards (sandwich sawing) leaving the

boards free to open in the centre;

b) make use of a frame saw with two blades in order to eliminate four off-
cuts (or slabs) passing the log twice through the frame. The wane

edged timber will then pass through a gang frame saw;

c) use band head-rigs with two circular sawing units to edge the board

simultaneously or for center rip cuts to eliminate or loosen stresses.

The circular saws are adjusted perpendicular to the sawing plane of

the band saw and can also cut out the brittle heart, when rejquired.

Resinous wood species will be sawn with a spray system which sprays
a solvent to the blade, avoiding sticky spots on the tool. Finally, the
use of a scratch-brush or a similar device is recommended to remove the

caked sawdust from the sawn surface.

Board cross cutting or trimming is done by circular saws with special
teeth shapes and suitably set cross cutting operations. The present trend
l1s to use 1nserted teeth made of solfram carbide plantes, especially

when hard and abrasive woods with mineral particles have to be worked.

In wood 1ndustries where wood with toxic extractives has to be
machined, causing problems to the workers'health, it is recommended to
install a chip and dust exhaust unit, besides which the wo-kers should

use protective 1tems such as masks and gloves,

It is also important to study the material flow in the saw mill,

to decide on conveying and transport equipment for lumber and refuse material
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