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Abstract. This study solves the problem of estimating the microgeometry of a circular saw tooth. For research, a circular
saw with one false tooth, equipped with a VK6M hard alloy plate, was used as a cutting tool. The purpose of this study is
to attempt to estimate the real wear curve of a wood-cutting tool edge. The cutting was performed on an experimental
installation, which is a drive shaft with a saw attached to it, with the possibility of adjusting the cutting and feeding
speeds. The tooth tip was photographed after some wear in a plane perpendicular to the short blade edge with 30-50*
magnification. The tooth contour was measured using a large BMI-2 toolmaker microscope. As a result of the study, a
method for estimating the sharpness of the tool edge using tangent and subsequent calculations has been developed,
which allows figuring out both the local curvature and the average curvature of the entire form of tooth. This method
allows finding the sections of the form of tooth with minimal and maximum curvature, as well as figuring out the curvature
of a particular section of the form of tooth and the area (wear) of this section. The proposed solution allows transitioning
from qualitative features of wear to accurate quantitative estimates, expressed either in units of area or units of mass,
which allows comparing the tool materials from which teeth are made in cases where microgeometry is approximately the
same, while wear is different. The practical significance of this study lies in the possibility of estimating the state of the
parameters of the cutting unit and allows predicting its changes during operation (the degree of wear, the frequency of
re-sharpening, finding the ultimate tool service life)
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Introduction
Woodworking production is based on obtaining parts and
products of the required shape, size, and roughness of the
treated surface [1]. This can be achieved by using a cutting
tool, the active part of which is the tooth (tool edge), which
forms new cutting surfaces in the material.

One of the main operational requirements [1] for
wood-cutting tools is to maintain its cutting capacity for
a certain time. The microgeometry of the tool edge under-
goes considerable changes during operation — the tooth is
blunted due to wear of the tooth line material.

Blunting of cutting units is characterised by a
change in their microgeometry, which occurs due to wear
of the front and back of tooth during cutting. Tooth micro-
geometry is characterised by “wear curves” of the front and
back of tooth. The nature of blunting, i.e., changes in the
microgeometry of tooth, determine the cutting properties of
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the tool [2-4]. The degree of wear and the nature of changes
in the microgeometry of the tool edge depends on several
factors, the main of which are as follows:

- physical and technological properties of wood (type,
humidity) [5-7];

— physical and mechanical properties of wood-cutting
tool material;

— geometry of cutting units (cutting and sharpening
angles);

- processing conditions and modes (cutting types, cutting
speed, and feed rate) [8-10];

- conditions and modes of operation of the tool (accuracy
and rigidity of the tool, duration of operation, geometric
accuracy of the machine);

— quality of sharpening of cutting units.

An essential role in ensuring the required quality
and accuracy of cutting is played by the tooth line with a
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certain microgeometry. When cutting wood, one needs to
strive to ensure that the radius of rounding of the tooth
line surface is minimal. Apart from transverse microgeom-
etry, the saw tooth line is also characterised by longitudinal
microgeometry.

The cutting unit has tooth lines, surfaces, and an-
gles. The angular parameters must meet the cutting con-
ditions and position the cutting part in space. Linear pa-
rameters must provide the necessary margin of safety and
stability of the cutting unit.

Compliance of the tool with modern requirements
is laid down during its design. The correct choice of tool
design, material, dimensions, angular parameters, operat-
ing conditions, manufacturing technology, restoration, and
repair directly affects its operational properties.

The scientific originality of this study lies in a new
method for estimating the parameters of the form of tooth
of the cutting unit, wherein the curvature is estimated by
drawing tangents with a discrete step.

From the literature sources [11-15], it is known that
many well-known Ukrainian and foreign scientists have
estimated the parameters of microgeometry of saw teeth.
The versatility of the parameters is significant, but not
all of them are available for direct measurement [16-18].

Figure 1. Saw disc fragment

Analysis of these studies has shown that most authors sim-
plify the approach to real microgeometry of tooth, noting
the rounding of the tool edge as a circle with a certain radius.
The authors of the study proposed one of the methods for
measuring the linear dimensions of saw teeth [19].

In most cases, the real tooth line of the tool is shown
as a surface with a radius p=const (with constant curva-
ture) [1; 20; 21]. In fact, as a result of the authors’ earlier
studies of microgeometry of cutting units under various cut-
ting conditions using a large BMI-2 toolmaker microscope,
it was found that the curvature of the surface between the
front and the back of tooth of the cutting unit is not a con-
stant value of a certain radius, but a curve of variable value,
which can only be conditionally estimated as a circular arc.

The purpose of this study is to establish a method for
estimating the blunting curve of the edge of the cutting unit.

Materials and Methods

A circular saw was used as a cutting tool (Fig. 1) with one
false tooth (Fig. 2), equipped with a VK6M hard alloy plate.
Laminated particle board was used as the processed mate-
rial. The scheme of cutting a particle board blank is presented
in Figure 3. The cutting was performed on an experimental in-
stallation, the general view of which is presented in Figure 4.

Tooth tip
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Figure 2. Inserted tooth of a circular saw
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Figure 3. Particle board cutting scheme: 1 — saw; 2 — board
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Figure 4. General view of the experimental setup

On a steel plate with a thickness of 25 mm, two bear-
ing supports are mounted, in which the saw shaft rotates.
On the one hand, the saw shaft is connected to an electric
motor via a two-stage V-belt transmission. On the other
hand, a saw blade is fixed between the flanges. The carriage
with the fixed sample of the material under study is moved
in rigid metal guides. The carriage is driven by an electric
motor through a continuous variable transmission and a
screw shaft. The particle board sample can move along
three coordinate axes and is fixed in the desired position.
The cutting disc has a wedge-shaped cutout into which a
replacement tooth is inserted. The tooth is a metal plate of
reverse wedge shape with a soldered hard alloy plate. The
properties of the hard alloy and the geometry of the plate
are dictated by the requirements of the experiment. The
unit allows controlling and setting the cutting speed, feed
rate, and working angle of incidence over a wide range of
values. The high rigidity of the installation structure and
the sturdy foundation on which it is installed eliminate any
deformations and fulfil the conditions for reproducing
experiments regardless of the time factor.

Experiments with a single-toothed saw avoid the
influence of vibration from variable cutting forces, radial
and tangential runout, out-of-roundness of the saw hole
and the seat of the root flange, and non-flatness of the
cutting disc.

The authors of this study conducted an experiment.

Figure 5. Micro-image of the tooth tip

o

Experiment conditions:
- saw tooth material: VK6M grade hard alloy;
— blade speed: 2960 min‘!;
- cutting diameter: 396 mm;
— cutting path length in material: 4000 m;
- visualisation: large BMI-2 toolmaker microscope;
- angle of tooth point: 60°C.

The tooth under study, after operating to a given
wear, was installed on the table of a large BMI-2 toolmaker
microscope, the back of tooth was combined with the X-axis
and photographed in this position with a magnification of
30-50* (Fig. 5).

In the photo, the intersection point of the back and
the front of tooth was aligned with the origin of coordi-
nates, and tangent lines were drawn to the tooth contour
in increments A® =15. The intersection points of tangents
with the abscissa axis were determined and the abscissa
values at these points were measured (Fig. 6).

If the wear line is divided into several sections A@
within which a continuous arc is replaced with a tangent to
it, then a polyline can be obtained that describes the orig-
inal curve with a slight loss of accuracy (Fig. 6). Therewith,
the estimation of straight-line parameters (angle, coordi-
nates of the ends of segments) is greatly simplified. The
proposed tangent method is simple and easy to implement
in practice. Coordinates of construction points are calcu-
lated using analytical and descriptive geometry methods.

Front of tooth
K
r
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L
@
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Figure 6. Form of tooth blunting curve
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The profile of the cutting unit is obtained (e.g., us-
ing the optical method and image magnification), it is di-
vided into separate segments using point marks. The smaller
the distance between the points, the more the form arc tends

to the straight line and the more accurately the real curva-
ture of the tooth line can be described. The coordinates of
the intersection point of adjacent tangents with angles @,
and @, were calculated sequentially according to formulas:

X = X1 — [(Xgor — Xg) X Sin(®; — A0)/Sindd] x Cosdy; )
Sin(d;-Ad) )
W:I X SmdDi. (2)

Y = [(xq)1 — Xgi) X

The distance d, was found between two consecutive
points of intersecting tangents (e.g., DC), as presented in
Figure 6:

di = [(Xi- X =1 + (G- Y - 1?72, 3)

For each interval A®@ (e.g., DC) the radius of curva-
ture r was calculated according to equation 4:

r = d/(2xTgLd/2). 4)

Wear areas, or rather the area of the OABCDEFGHIKO
shape, which is defined as the sum of the areas Si of the tri-
angles AOGF (shown in the figure), AOFE, AOED and others
are calculated using the formula:

S=X[05(-x+Dyi—yi+ D+ i+ Dx —x + D] (5)

Results and Discussion
An ideal tool edge is understood as a line of intersection (for
a two-dimensional representation — a point) of the front
and the back of tooth. It is impossible to obtain the face
intersection as a line due to chipping of the tooth material
near the face intersection. Therefore, the real tool edge is a
curve of indeterminate direction located at some distance
from the centre of coordinates. The real tool edge with a
time in service constitutes a curved surface between the
front and the back of tooth (for a two-dimensional represen-
tation — a curved line). Thus, from a geometric standpoint,
blunting is the transformation of a point (conditionally)

Figure 7. Tangents to the form of tooth

into a curve and the subsequent increase in the parameters
of this curve.

The microphotograph of the tooth has markings,
which adequately reflect the microgeometry of the worn-
out tool edge. Figure 7 shows the contour of the form of
tooth presented in Figure 6. Tangents illustrate the identity
of the image in the photo presented in Figure 5 and the
measuring diagram presented in Figure 8.

The given data of the measurement results refer to
Figure 6 but without regard for the image scale. The mea-
surement data is summarised in Table 1.
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Figure 8. Measurement scheme

Table 1. Results of measurements and calculations of the blunting curve

:::Elrl;’:: Angle of arrival Coordinate, x Distance, d Curvature radius, r Wear and tear area,S

degree mm mm mm mm? %
1 15 29.5 12.77 48.84 48.70 34
2 30 22.9 8.02 30.67 45.90 33
3 45 17.5 1.60 6.12 9.95 7
4 60 14.0 1.14 4.36 6.91 5
5 75 11.0 1.78 6.81 9.49 7
6 90 8.1 2.25 8.61 9.07 6
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Table 1, Continued

Lr::;rl\)r:: Angle of arrival Coordinate, x Distance, d Curvature radius, r Wear and tear area,S
degree mm mm mm mm? %
7 105 4.5 5.20 19.89 11.20 8
Mean 4.68 17.90 20.17
Max 12.77 48.84 48.70
Min 1.14 4.36 6.91
Sum 141.22 100%
Length of the form projection on the back of tooth, mm 21.50
Length of the form projection on the front of tooth, mm 9.25

The second column of Table 1 shows the values of
the angles at which tangents to the form of tooth were
drawn. Column X shows the coordinates of the intersection
points of tangents with the X-axis. The bottom of Table 1
shows statistical indicators of average and extreme values.

Calculation results in Table 1 are illustrated by
graphs in Figure 9. The distribution of tooth curvature
along the contour, the area of the worn surface and the
distance between the intersection points of tangents are
given.

Wear area S, curvature radius r, and distance between the points of intersection of
tangents d
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Figure 9. Distribution of saw tooth curvature

Clearly, the greatest curvature r, . =4.36 mm falls on
the interval corresponding to the 60° angle of arrival. This
is precisely the median interval No. 4. The curvature in the
adjacent sections on the left and right is approximately the
same (the radius of curvature is 1.5 times larger). The radi-
us of curvature in Sections 6 and 7, i.e., adjacent to the front
of tooth, slightly increases and reaches r, . =4.6. The radius
of curvature in Sections No. 2 and No. 1, i.e., those adjacent
to the back of tooth, increases significantly and reaches
r,..=11.2. The radius of curvature adjacent to the back of
tooth is 11.2 times the minimum radius and 2.5 times the
radius of curvature in the area adjacent to the front of tooth.

The projection of the blunting form on the back of

tooth (similar to the radius of curvature) is 2-3 times lon-
ger than on the front of tooth. This is inherent in saws that
process laminated particle boards.

Table 1 shows the wear areas for each interval and
the form as a whole. Clearly, as the radius of curvature (or
distance d) increases, so does the wear area. The presence
of interval wear values allows figuring out the intensity of
wear of the tooth depending on the sawing conditions.

Knowing the distribution of the radius of curvature
from the angle of inclination of the corresponding tangents,
the reverse transformation can be performed, and the original
form of tooth can be obtained. Figure 10 shows the form of
tooth, which is constructed according to the data from Table 1.
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Figure 10. The form of tooth, constructed according to Table 1
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Figure 11. Form of tooth curvature

The form of tooth wear estimates for different cases
of such wear are presented in Figure 11. The diagram sug-
gests that the curvature of the form of tooth in the areas
near the front and the back of tooth is always substantially
less than the curvature in the central sections of the form.

For instance, if the curvature of the form of tooth is
constant (circular arc), then it will be displayed on the graph
as a straight line parallel to the abscissa axis (Fig. 11a). The
sharper the tooth, the closer the line runs to the abscissa
axis. The graph line of an absolutely sharp tooth completely
coincides with the abscissa axis.

For the form of tooth in Figure 11e, which has worn
out on the front of tooth in the form of a hole, the curva-
ture in this area will have negative values, which is well
observed in Figure 11e.

All graphs presented in Figure 11 suggest that the
greatest sharpness of the form of tooth is always in the
central parts of the form. Furthermore, they show exactly
which part of the curvature reaches the highest value.

For instance, if the graph looks like a curve (Fig. 11f-
g), which has one local minimum, then it is at this point
that the tool edge is located. This is the point where the
tangent to the form of tooth will be at an angle of approx-
imately 50°. For the case presented in Figure 11a, the tool
edge is the entire section of the form from 0°C to 120°C. If

the graph looks like a curve (Fig. 11b), which has a weakly
expressed extremum, then the tool edge is located in a
region of approximately 40-60C°, and in the case of a curve
(Fig. 11c-d) — within 30-75C°.

One of the possible methods for evaluating the form
of tooth of a cutting unit is proposed, which is implemented
as follows.

If in other studies [1; 4; 14] the tool edge wear curve
had a circular shape, then in the authors’ study the curve
has a complex shape, which indicates a different nature of
wear on both the front and the back of tooth.

Conclusions

Based on the conducted research, the following conclu-
sions can be drawn:

1. Estimation of the tool edge sharpness by performing
tangent and subsequent calculations is much more infor-
mative and objective than the method of selecting circles
and allows finding both the local curvature and the indirect
curvature of the entire form of tooth. In the future, using
more modern toolmaker microscopes, the accuracy of
further studies will considerably increase.

2. The proposed estimate allows finding sections of
the form of tooth with minimal and maximum curvature.

3. During changes in sawing conditions (feed rate or
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working angle of incidence), the estimation provides in-
sight into the drift of the form of tooth sections with mini-
mum and maximum sharpness or minimum and maximum
wear. This means that by evaluating the parameters of the
form of tooth after changing the sawing parameters, the
process can be controlled, and the best (from a certain per-
spective) results can be achieved.

4. The tangent method allows not only to find the cur-
vature of a particular section of the form of tooth (i.e., its
microgeometry), but also to figure out the area (i.e., wear)
of this section.

5. The tangent method allows moving away from the

qualitative “more-less” characteristics of wear towards pre-
cise quantitative estimates expressed either in units of area
or units of mass. This allows comparing the tool materials
from which the teeth are made in cases where microgeome-
try is approximately the same, but the wear is different.

6. The tangent method is available for extensive appli-
cation and does not require special equipment.

7. This method can be called numerical with confidence,
since the result of applying the tangent method is a matrix
of size 2xn (where n is the number of intervals or tangents).
This is convenient for data transfer since there is no need
to create graphic images.
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OuiHKa MikporeomeTpii 3y6a AncKoBoi Nunu

3inogiit Cremanosnu Cipko!, BikTop KyzbmoBuu /I’ IKOHOB!,
IBan Bomogummuposnu l'ostoBau?, IOpiit Onekcanaposuu PomaceBuu?,
Henwnc JlazapoBuu 3aB’1jI0B>

'YKpaiHCbKMIi lepsKaBHUIE HAYKOBO-IOWIiIHMIA iIHCTUTYT «Pecypc»
03150, Byn. Kasaumupa Manesuua, 84, m. Kuis, Ykpaina

’HanioHaibHMI yHiBEpCUTET 6iopecypciB i MpMpoOmOKOpUCTYBaHHS YKpaiHu
03041, Byn. T'epoiB O6oponu, 15, m. Kuis, Ykpaina

AHoTanisa. B craTTi BupimyeTbes mpobieMa OmiHKM MikporeomeTpii 3y6a AMCKOBOI MWIKK. [IJi AOCTiIKEHDb B SIKOCTi
pi3aJIbHOTO iIHCTPYMEHTY BUKOPUCTOBYBAIM MMUCKOBY NIy 3 OSHUM BCTaBHMM 3yOOM, IO OCHAIIEHWI IUIACTMHKOIO
TBEpPAOTO CIIaBy Mapkyu BK6M. MeTow [OOCTIIKeHHS € crnpoba OLiHUTM KPUBY peaJbHOTO 3HOIIEHHS Jie3a
JlepeBOpi3aJIbHOTO0 iHCTPYMEHTY. IIpoliec pisaHHsSI 3[Ai/ICHIOBaIM HA €KCIIEPUMMEHTA/IbHIll YCTaHOBII, 10 MPEeNCTaBIsE
06010 MPUBOAHMIL BaJT i3 3aKPiTVIEeHO HA HbOMY MMJIOK0 3 MOK/IMBICTIO pery/Ti0BaHHS MIBUAKOCTEN pi3aHHS Ta mojadvi.
Bepumny 3y6a mwiu dotorpadyBaay Mic/as AesKOro 3HOIIEHHS B IUIOUMHI, MePIeHAUKYISIPHiil KOPOTKiii pisanbHiit
Kpaiili i3 36iabpmeHHsm 30-50x. BumiproBaHHSI KOHTYPY 3y6a MPOBOAWIIN 3a JOITOMOTOI BEJIMKOTO iHCTPYMEHTAIbHOTO
Mikpockory BMI-2. B pe3ynbraTi moCTiaskeHb pO3p06IEHO METO, OLiHKM TOCTPOTH Jie3a 3a JOMOMOIOI0 TOTUYHMX Ta
HACTYIMTHUX PO3PaxXyHKiB, SIKi O3BOJISITh BUSHAUMUTU SIK JIOKAJIbHY KPUBU3HY, TaK i CepeHI0O KPMBU3HY BChOTO Mpodisio.
Lleit MeTOx, MO3BOJISIE BUSIBUTY OUISHKM MPOdiiio 3 MiHiMaJbHOIO Ta MaKCMMAa/IbHOK KPUBMU3HOIO a TAKOX BU3HAUUTU
KPMBM3HY KOHKpeTHOI HiMsHKM Mpodino Ta miouy (3HOLIeHHs) Liei AiMSHKM. 3alponoHOBaHe pillleHHS HaJacTb
MOSK/IMBICTD 3IiMiICHUTY Mepexif Bif AKiCHMUX XapaKTePUCTUK 3HOIIEHHS 1O TOUHMX KiJIbKiCHUX OL[iHOK, SIKi BUpaskeHi abo
B OJVMHMUIISX TUIOIIi a60 OAMHUIISIX MacH, IO JTO3BOIUTH IMOPiBHIOBATM iHCTPYMEHTA/IbHI MaTepianmu, i3 IKux 3pobieHi
3y6u, MiXk c06010 y BUTIAIKaX, KOIY MiKpOTeOMeTpisi MpUOIM3HO OJHAKOBA, a 3HOIIEHHS pi3He. [IpakTMYHA 3HAUYIICTh
PpO6OTH TOJIATa€E B MOXK/IMBOCTI OI[iHKM CTaHY ITapaMeTpPiB pi3aJbHOTO eJIeMEHTA Ta JO3BOJISIE IIPOTHO3YBATH JOT0 3MiHU
B IIPOLIECi eKCILTyaTallii (CTyIeHs 3HOIIeHHS, TePioAMYHOCTI IIepe3aroCTPIOBaHHS, BU3HAUEHHSI MAKCUMMAaJIbHOTO PeCypcy
iHCTpyMeHTa)
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