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Abstract

KOVAC, J., MIKLES, M.: Analysis a cutting edge geometry influence on circular saw teeth at the process of crosscut-
ting wood. Acta univ. agric. et silvic. Mendel. Brun., 2009, LVII, No. 5, pp. 177-182

Nowadays, the wood cutting process looks like atechnological scheme consisting of several connected
and relatively inseparable parts. The crosscutting wood is the most widespread in the process of fo-
rest exploitation; it is used at tree exploitation, shortening stems and assortment production. The ar-
ticle deals with the influence of the cutting edge geometry of circular saws on the torque and also
on the cutting performance at the crosscutting wood therefore there is the influence on the whole
cutting process. In the article there is described detailed measurement procedure, used measuring
devices and the process of results analysis. Knowledge of wood crosscutting process and choice of
suitable cutting conditions and cutting tools will contribute to decrease production costs and energy

saving.

crosscutting wood, circular saw, cutting edge geometry, cutting power

INTRODUCTION

The nature of the cutting process for all ways
of mechanical wood machining is possible to
ecasier understand when the elementary is known.
The crosscutting wood is the most widespread in
the process of forest exploitation; it is used at tree
exploitation, shortening stems and assortment pro-
duction. The longitudinal cutting is mainly applied
in subsidiary enterprises (sawmills) and basic wood
industry. Mixed cutting is used in furniture pro-
duction. At the forest exploitation there comes to
its application at the executing the cut on trees un-
derlying harvesting trees by circular saws. Nowa-
days, the cutting process of wood is considered as
technological scheme. It consists of several con-
nected and relatively inseparable parts. (Marko, J.,
Holik, 7J., 2000). The technological system called
“cutting process” consists of four parts — subsystems
(Fig. 1): work-piece (species of wood, humidity, den-
sity, toughness, elasticity, temperature, dimensions,
etc.), cutting conditions (they present sum of condi-
tions relating to work-piece, cutting tool and cutting
mechanism, which are necessary for cutting process
initialization), cutting mechanism (it is mechanism

of main movement, feed, number of working move-
ments and procedure of their performance, thick-
ness and width of a layer which is cut, cutting angle,
speed of cutting movement and feed, cutting forces
and friction forces, performance of engines and etc.)
and a cutting tool (cutting-wedge angle, number of
teeth, material properties, surface roughness, cut-
ting edge length and etc.).

TECHNOLOGICAL SYSTEM - “CUTTING PROCESS”

CUTTING

WORK-PIECE CONDITIONS
CUTTING

CUTTING TOOL MECHANISM

1: The technological system - , the cutting process*

177



178

J. Kovdé, M. Mikles

Crosscutting wood by circular saws

Penetrating tooth of a circular saw to wood causes
reciprocal action of forces between wood and cut-
ting edge (Fig. 2). The cutting wedge presses on re-
sisting wood. The result is loading frontal, rounded
and back surface of cutting wedge. The cutting resis-
tance is resistance, which is created at chip separat-
ing by a wedge. The cutting resistance is the reaction
on cutting force, it has the same size but opposite di-
rection (Lisic¢an, 1996).

e

F=K-b-h (N) (1)

The dimension of cutting work A, in the condi-
tion that cutting resistance is constant in all phases
of the cutting process, we can define as:

A =F_-1=K-b-h-1(), )

where:
...... cutting way of a tooth in the material (mm).

where: f - feed per one tooth [m], a, - cutting height [m], v, - feeding speed [m.s-1], v, - cutting speed [m.s-1],y, - in-
coming angle of a circular saw [°], y, - outgoing angle of a circular saw [°], ¢_ — mean angle of cutting fibres [°], h_ - mean

thickness of a chip [mm].
2: The scheme of circular saws cutting

All resistances which cause on cutting-wedge of
a circular saw tooth have the resultant force F which
is called cutting resistance. It consists of following
parts:

e Forces necessary for cutting mass of a work-piece
by a cutting-wedge during the deformation of
amass in the surrounding of a cutting edge,

@ Forces necessary for deflection of chips and sup-
pression of chip friction against the leading edge
of the tooth,

e Forces necessary for suppression of friction on
the back and leading surfaces against the ma-
chined surface.

Defining the value of individual parts of the force
F is quite difficult and depends on many aspects.
The part of the force Fat the direction of cutting feed
F is called the cutting force and it is used at practical
calculations of energetic relations during the cut-
ting process. The part perpendicular on the force
F. presents the pressure of the circular saw tooth
on the surface of machined surface and it is called
a withdrawal force F,. If its value is positive (going
down) the material is pressed to the table. If its value
isnegative (going up) this force picks up the material
and it is necessary to provide the stability of the ma-
terial by pressing mechanism.

Acting cutting force F, on a tooth of a circular
saw is taking chips at the width b and thickness h.
The cutting force value is then given by multiplica-
tion of cutting resistance for disintegrated material
K and surface of crosswise chip cutting.

Cutting power is defined as multiplication of cut-
ting force F, and cutting speed v :

P.=F.-v. (W). (3)

Cutting conditions at the process of
woodcutting by circular saws

According to the shape of a circular saw in
the crosswise cut we can recognize the following cir-
cular saws: flat, relieved (called planning), concur-
rent (on the left or right side or reciprocal) and sad-
dle (on the left or right). Concurrent or saddle parts
of circular saws are defined in the course of a work-
piece feed against the teeth. According to the cut-
ting course regarding to the way of wooden fibres
there are used circular saws for crosswise and longi-
tudinal cuttings. They differ by the teeth profile and
the way of sharpening. The teeth profile and the way
of sharpening must be according to required per-
formance of a circular saw and the quality of ma-
chined surface. They must be according to the type
of a work-piece (soft, hard wood and other types
of work-pieces) and material of a cutting edge (tool
steel, cemented carbide plates).

On cach circular saw there are inserted maximum
revolutions at the maximum speed 100m.s-!. This
speed is not working speed but it shows operational
reliability, which is guaranteed by a producer. For
getting optimal performance of a circular saw there



Analysis a cutting edge geometry influence on circular saw teeth at the process of crosscutting wood 179
is necessary to choose cutting conditions regarding 2-M, v, W 6
to cut material. P.= D (W), (6)
The recommended cutting speeds of a circular .
saw according to the material are: M, .torque

e Soft wood 60-100m.s™
e Hard and exotic wood 50-85m.s™!

Within the range of recommended cutting speed
for chosen material there is oriented according to
the requirements on cutting surface quality, tech-
nological state of a machine etc. Continuing the re-
commended cutting speeds does not have practical
meaning and it is not recommended for economical
reasons. Circular saws have huge construction and
the most often they are used in the manipulation
links at the manipulation with thin and medium
stems (up to 40-50cm). Their advantages are high
cutting ability, maintainability and long lifetime.

In the practice there is very important to con-
tinue the whole cutting process with the lowest
energy consumption. More factors influence ener-
getic consumption e.g. the choice of suitable mate-
rial for a cutting tool creation, its geometry and op-
timal cutting conditions (cutting speed v, feeding
speed v, feed per one tooth f). The cutting power is
very important is the factor of energetic consump-
tion. The cutting angles value is together with other
cutting conditions decisive for performance of tools,
machines, economy of all machining types, and ma-
chined surface quality and dimensional exactness of
a work-piece. The wrong cutting angles can decline
the machined surface quality, get faster the dulling
and decrease the lifetime of a tool, increase cutting
resistance and influence the lifetime of a machine
and efficiency of an operation (Lisi¢an, Zemiarova;
1988).

The methods for measurement of cutting
performance

The cutting power is possible to measure by more
methods (Holopirek, J., Rousek, M.; 2004). There are
some of them:

1. The first method: The principle of measure-
ment is based on the change of consumed elec-
tric current of an electric engine. There is used
power transfer for the change of consumed elec-
tric current and it is transferred on analog signal,
which is possible to transform using A/D trans-
fer in PC to digital form and then to analyze it by
PC program. The way of cutting performance cal-
culation from measured values is arranged as fol-
lowing:

Cutting power is the volume of work done per one
second. The unit of power is W. W = N.m.s™.

P =F v (W) (4)

A
P=—* (W) (5)

We can calculate the cutting speed also by torque
and the following formula:

D...diameter of a circulae saw
Calculation between cutting power P, and per-
formance of amachine P,

P = (w). (7)

2. The second method: The principle of measure-
mentisbased onrecording the torque on the shaft
of driving balance wheel. Torque is defined as
multiplication of acting force by the length be-
tween point of revolution and center of force.
The system ST introduces Newton meter (Nm) as
aunit of torque.

The torque value M, can be defined by formula:
M, =F-r (Nm), (8)

where:
F...force

The device records torque and transfers it onto
electrical signal. The analyzing technique trans-
forms electrical power on voltage in the range +10
and -10 V, what depends on the way of torque act-
ing.

3. The third method: The principle of measure-
ment is based on recording engine power at idle
running P, , which is used for electromechani-
cal losses suppression of an engine in a gear and
wood-working machine bearings. Then it re-
cords the power of an engine at the technological

operation P, , which is necessary for losses sup-

pression in an engine, losses in gears of a circu-
lar saw machine and at technological operation.

The cutting power P, is possible to calculate by

the formula:
P=P,-P, (W) (9)

It is necessary to say that in the method No. 1 and
method No. 3 there are not obtained such exact re-
sults. This is the reason why there is used method
No. 2 for obtaining cutting power results.

MATERIALAND METHODS

The experimental measuring device was develo-
ped for the research of crosswise wood cutting pa-
rameters and the cutting tools research. Tts scheme is
shown in Fig. 3. The measuring equipment consists
of two parts i.e. cutting and feeding parts. The cut-
ting part provides development and transfers torque
to a tool. The feeding part provides work clamping
and feeding wood into the cut.

As it is shown in the scheme there are placed:
three-phased asynchronous 75kW electric en-
gine. Tts torque is transferred throughout the spin-
dle head to a tool (circular saw). The wood sample is
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Experimental measuring device
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3: The scheme of experimental measuring device

caught on the plate in the holder by a lever system,
which provides safety holding. The crosswise feed-
ing of the work-piece is provided by 5,5kW electric
engine throughout a safety clutch and a feed screw.
Between nut and plate there is placed a force sen-
sor HBM S2. Measured signal from the force sig-
nals and torque is transferred by cables to measur-
ing centre SPIDER-8, which is connected with PC.
The torque sensor HBM T20WN enables to regis-
ter the revolutions of a circular saw. The revolutions
and the power of electric engines are regulated by
frequency converters with vector control.

At the experimental tests there were used wood
samples with the diameter 18cm and length 1,5m.
The wood samples were made of beech, oak and
spruce. Their moisture was approximately 45% at
spruce, 50-60% at beech and oak. It was measured
by the weighing method. The samples were cut by
circular saws made with cemented carbide plates
and of high speed steel (their technical parameters
are shown in Table I).

The measurement of wood (beech and oak) was
made at revolutions of a circular saw 1900min!,
at the cutting speed 59.66m.s™! and feeding speed
152mm.s™". The feeding speed at wood (spruce)
was decreased because of a circular saw jamming at
the process of wood cutting. Tt was 103 mm.s™".

RESULTS AND DISCUSSION

The partial purpose of an experiment was to ob-
tain the influence of different cutting-edge side
rakes on the torque value and compressive force to

I: Basic dimension of circular saws
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the cut (Fig. 5). The cutting-edge side rake influen-
ced cutting resistance and the whole process of
crosswise wood cutting. The results were treated in
the program Conmes Spider.

From the torque M, course at cutting of beech
by a circular saw made with cemented carbide
plates there was possible to see great increase of
value at the beginning penetration of a tool (circu-
lar saw) to the cut, then there was certain decrease
of the value what was caused by inertia of a circular
saw and then following fixation of the cutting pro-
cess. Then the cutting process ran at the certain con-
stant value (the torque value was changed very little),
only at the end of cutting process the value reached
the state when the circular saw rotated without any
loading. The course of torque M, at the cutting pro-
cess of circular saws made of high speed steel was
characterized by high increase to maximal value,
then it decreased a little to the certain value and fi-
nally it decreased rapidly, what was caused by cut-
ting out the wood.

From the obtained results the torque M, at diffe-
rent cutting-edge side rakes of circular saws made
with cemented carbide plates and circular saws
made of high speed steel at different wood we re-
duced maximum values of M, at individual measu-
rements and we made basic statistical results analy-
sis (Table II).

Then we created the graphical evaluation of arith-
metic means of maximum values M,, which gives
better overview about obtained results. The value
of cutting power is calculated from torque due

Diameter of . Cutting- Cutting-edge
C o . Width of a saw .
Basic dimensions asaw clearance angle side rake No. of teeth
B (mm) ° °
D (mm) o(°) (°)

Circular saw made of high 600 54 2 5,0,5,10 56
speed steel

Circular saw made with 600 54 15 210,0, 10,20 54

cemented carbide plates
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5: The course of M, and compressive force to the cutting at the crosscutting wood (beech)

1T: Values of arithmetic means for maximal values of P, at individual values of a cutting-angle side rake on circular saws

Species of wood/

Value of cutting power Pc (kW)

cutting-edge side

Circular saw made of high speed steel

Circular saw made of cemented carbide plates

rake (°) 10 5 0 5 20 10 0 -10

beech 3.5875 3.8342 4.0389 4.0947 3.9813 3.8919 3.9554 4.0011
oak 3.7427 3.8898 4.1126 4.1305 4.0648 3.7805 3.9057 4.0131
spruce 3.8063 3.9833 4.1245 4.1046 4.2219 3.9077 3.9833 41921
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6: The value of cutting performance P_at the process of the cross-
cutting wood by circular saw made of high speed steel

to the diameter of a circular saw D = 600mm and
the cutting speed v=59.66m.s.

The shown graphical analysis of measurement re-
sults oriented to torque M, and cutting power at cer-
tain cutting-edge side rake confirmed that the best

7: The value of cutting performance P, at the process of the cross-
cutting wood by circular saw made with cemented carbide plates

value for a cutting-edge side rake at the crosswise
wood cutting by circular saw made with cemented
carbide plates and circular saws made of high speed
steel is positive value (10°) what other research for
crosswise wood cutting confirms, too.
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SUMMARY

In the practice there is very important that the whole process of wood cutting should run with
the lowest energy consumption of the whole process. There are many factors which influence its en-
ergetic consumption e.g. a cutting tool material, its geometry and optimal cutting forces (cutting speed
v, feeding speed v). The cutting power is very important factor of energetic consumption. Utilization
of circular saws with unsuitable technical and technological parameters in the given conditions of
work can be expressed by following deficiencies: fast circular saw wearing and bad quality of the cut,
higher energetic consumption, higher wood consumption in the process of production because there
are necessary big additions for machining.

In this article we dealt with influence of chosen cutting parameters (geometry of cutting edge, wood
type, a circular saw type) on energetic consumption (cutting power P,) of a technical device. The es-
tablishment of torque value and feeding power (cutting power) at the crosswise wood cutting pro-
cess has very big meaning for designers of cross-cutting lines. The possibility of calculation cutting
power verification of the torque measurement and the design of circular saw teeth has big influence
on economical and time consuming aspect at the making different wood assortments. The conditions
at the experiments were approximate to the working conditions of real machines and the results of
individual experiments are possible to compare with the results obtained at the similar experimen-
tal workstations.

SUHRN
Analyza vplyvu geometrie reznej hrany zubov pilovych kotta¢ov na proces prie¢neho
delenia dreva

V praxi je velmi dolezité aby cely proces rezania dreva prebichal, z €o najmen3imi narokmi na ener-
giu (teda energetickii ndro¢nost celého procesu). Na energetickti naroénost strojného zariadenia vply-
vaju viaceré faktory, akymi st napriklad vyber vhodného materidlu rezného néstroja, jeho geometrie
atiez optimalne rezné podmienky (reznd rychlost v, rychlost posuvu v,,). Velmi dolezity faktor ener-
getickej naro¢nosti je rezny vykon. Pouzivanie pilovych koti¢ov s nevhodnymi technickymi a tech-
nologickymi parametrami v danych podmienkach prace sa prejavi naraz viacerymi nedostatkami a to:
rychlym opotrebovanim pilového kotti¢a a nasledne zlou kvalitou rezu, zvySenim energetickej na-
ro¢nosti, zvySenim spotreby suroviny na plinovany objem vyroby, pretoze st potrebné velké nad-
miery na opracovanie.

V tomto ¢lanku sme sa zaoberali vplyvom vybranych reznych parametrov (geometria reznej hrany,
druh dreviny, typ pilového kotti¢a) na energetickd naro¢nost (rezny vykon P_) strojného zariadenia.
Stanovenie velkosti kritiaceho momentu a podévace;j sily (rezného vykonu) prie¢nom rezani dreva
ma velky vyznam pre konstruktérov deliacich uzlov manipula¢nych linick. Moznost overenia sprav-
neho vypoctu rezného vykonu z merania krittiaceho momentu a konstrukcie zubov pilovych koti-
¢ovma velky vplyv z ckonomického a ¢asového hladiska privyrobe roznych sortimentov dreva. Pod-
mienky pri experimentoch boli priblizené k pracovnym podmienkam redlnych strojov a vysledky
jednotlivych experimentov je mozné porovnavat s vysledkami dosiahnutymi na inych podobnych
vyskumnych pracoviskach.

prie¢ne delenie dreva, kotti¢ové pily, geometria reznej hrany, rezny vykon
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