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Intrerchange of Heat in Saw Disc Body During Cutting
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Abstract. The paper presents the experimental results of a research aimed at the distribution of the temperature on
the circular saw blade body. The temperature was measured at two distances from the centre of the circular saw
blade body (70 mm, 140 mm) by means of an infrared thermometer. Two circular saw blades with the diameter of
350 mm and a variable adjustment of the body (with slots and without the coating, with both slots and coating)
were used for the longitudinal sawing of the spruce wood (Picea excelsa) with the thickness of h = 37 mm. Feed
speeds ware vfl = 14 mpm, vf2 = 17 mpm and vf3 = 20 mpm. Cutting revolutions n = 4100 /min. were constant. The
measured temperature was in the range from 21 °C till 27 °C. The highest measured temperatures were recorded on
the circular saw blade with the slots and coating.
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1. INTRODUCTION

One of the most important factors showing the impact on the working ability of the circular saws is the
heating of the circular saw blade. Therefore, the research of thermal phenomena and the assessment
of the heating factor are of great importance for the innovation and efficient use of circular saws for
wood cutting. Existing scientific approaches to temperature and woodworking have a dominant effect
on friction temperature but the issues of intensity characteristics and temperature sensors are not
sufficiently described. The sawing process by the circular saws is the most used process in
woodworking, where circular saw blades are the cutting tools. The basic problems of tool instability in
the cutting process are vibration and noise of the circular saw blade (8) and (17). The most significant
obstruction during cutting by the circular saw blade is the aberration (deformation) of the circular saw
blade in a plane (7). The effect is only caused by compressive stress in the circular saw blade which is
dependent on the temperature distribution status inside. Knowing the accurate temperature
distribution is one of the main points to solve the problem. The measurement of the circular saw blade
temperature during a high cutting speed (v. = 50 mps + 100 mps) is not easy. Some results have been
brought by the experimental works of the authors. (1), (4), (6) and (14) used at the experimental
measuring the method of thermocouple (copper - konstantan) with the diameter wire d = (0.125 +
0.15) mm. The measuring of the temperature on the circular saw blade body with the infrared
thermometer and with infrared camera is published by authors (2), (3), (4), (9), (10), (11), (12), (13),
(15), (17).

488


mailto:jan.svoren@tuzvo.sk1
mailto:lubomir.javorek@tuzvo.sk

International Journal of Engineering and Management Sciences (IJEMS) Vol. 4. (2019). No. 1
DOI: 10.21791/1JEMS.2019.1.60.

2. MATERIAL AND METHODS

Researching the temperature distribution on the circular saw blade in the cutting process, two circular
saw blades were used at the experimental measurements. The first examined circular saw blade was
with compensation and radial slots (CSB1), the second one was with compensation and radial slots
and with the spray paint RAL 9006 (CSB2). Used circular saw blades are shown in Fig. 1a (CSB1) and
in Fig. 1b (CSB2).

a) b)
Figure 1. The circular saw blades used for the experimental measurements

The basic parameters of the circular saw blades used in the experiment are given in Tab. 1.

Table 1 The basic parameters of used circular saw blades

Parameters CSB1 CSB2
Saw blade diameter (mm) 350 350
Clamping hole diameter (mm) 30 30
Number of teeth (-) 36 36
Body thickness (mm) 2.4 2.4
Length of the cutting edge (mm) 4 4
Tooth height (mm) 13 13
Pitch of teeth (mm) unbalanced pitch of several teeth (groups)
ar = 15°
Tooth geometry Br=65°
ye=10°

The sawing process was performed on a circular saw with a continuous feed through a belt conveyor
and top clamp by a roller feeder. A block diagram of the experimental apparatus for measuring the
temperatures of the circular saw blade during the cutting is shown in Fig. 2. The cutting plates from
spruce (Picea excelsa) with dimensions: thickness h = 37 mm, width b = 400 mm, length L. = 1500 mm,
w = a humidity of 12% were used. Overhang of the circular saw blade was 60 mm over the belt
conveyor. The slats of 20 mm width were gradually cut off from the boards. The cutting conditions of
the performed cutting are shown in Tab. 2.
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Figure 2. The block diagram of the connecting instruments for measurement of the temperature in cutting process
on the circular saw blade

1 - frequency converter Siemens A.6. MM550/3, 2 - electric motor Siemens P = 5.5 kW, 3 - belt drive,
4 —circular saw frame, 5 - circular saw blade mounted with clamping collars dp = 110mm, 6 -
noncontact speedometer 2236, 7 - shaft stored in the bearings, 8 - digitdlny multimeter MXD-4660 A,
9 - PC, 10 -Infrared Thermometer OmegaScope 0S520.

Table 2. The cutting conditions

Feed speed Rotation Cuthg Cutting Temperature
vt (m-min-1) n (min-1) high length of surround
f h (mm) L (mm) air Ty (°C)
CSB1, CSB2 14;17; 20 4100 37 | 1500; 3000; 4500 17

The experimental measurement of the circular saw blades temperature on the circular saw in a cutting
process was carried out at the measuring apparatus whose block diagram is shown above. The
measurement was performed at two distances from the centre of the circular saw blade. The sensor
axis was adjusted at the distances of 70 mm and 140 mm from the centre of the circular saw blade. The
sensor was located 150 mm from the side surface of the circular saw blade.

3. RESULTS AND ANALYSIS

As a result, the numbers in a txt format files were obtained which were further processed. Statistical
analysis was conducted using software STATISTICA12. All measured data met the requirements and
were tested using analysis of variance (ANOVA). The mean values of measured temperatures were
compared using post-hoc test at 5% significance level to determine the differences among the select
predictors.

The dependence of temperature on the type of a circular saw blade (at the distance of 70mm
and 140mm)

Analysis of variance showed significant influence of using type of a circular saw blade on the
temperature measured at the distance of 70 mm and 140 mm from the shaft axis. In both cases,
comparing CSB1 to CSB2, the temperature by using CSB1 was significantly lower.
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Specifying the significant differences between individual types of circular saw blades, the post-hoc test
was done and validated the result that the mean values of temperature measured on CSB1 and CSB2
are noticeably different. The result is valid for both measured distances from shaft axis.
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Figure 3. Plot of mean temperature for the effect of a circular saw blade type

The graph in Fig. 3 indicates the clear increasing tendency in the both cases. It can be seen that using
CSB2 resulted in increased temperature significantly.

Fig. 4 shows temperatures measured of the circular saw blade (CSB2) during the wood cutting
process. After a rapid increase in the circular saw blade body temperature (1 to 3 seconds), we see a
slight change in temperature, up to the end of the cutting, up to 1 2C.
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Figure 4. Temperature measured of the circular saw blade (CSB2)

Based on the experimental measuring (6) shows that the temperature at the distance of 0.5 mm from
the cutting edge reaches the maximum value T = 500 °C, in the sector of the tooth root T = (52 + 110)
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°C and at the region of the clamping collars T = (22 + 46) °C. The temperatures depend on the cutting
conditions. The cutting conditions in the experimental measuring were: v. = (37.9 + 66.7) m/s; f, = (0.2
+ 1) mm; h = (70 + 150) mm and w = (10 + 70)%. (1), in their work, indicate the temperature in the
area under the root circle at four different radiuses. Cutting material was used with dimensions:
Thickness h = (75 and 100) mm, width b = 250 mm, length I = (2.5 and 3.1) m. The highest
temperature measured in the cutting was near of the tooth root and reached T = 26.7 °C. (14) report
the results of experimental temperature measurements on the tooth, with 6 thermocouples were
sequentially located 1 mm from the cutting edge. The highest measured temperature is 1 mm from the
cutting edge: for particleboard T = 196 °C, for the solid wood T = 127 °C. The temperature T = 669 °C
was determined in the cutting process on the surface of the cutting edge (11). Authors (5) evaluated
coefficient of thermal emissivity for the mentioned temperature ranged T = (30 + 100)2C varied (0.2 +
0.34) when measured by infrared thermometers.

Our experimental temperatures measurement of the circular saw blade body was in the range T = (20
+ 27) °C. The temperatures and coefficients of thermal emissivity were in very good equality with the
experimental works of the quote authors. From the experimental measurements it can be concluded:
CSB2 had the highest temperature for each of the two distances (70 mm and 140 mm) from the centre
of the saw blade (Fig. 5). CSB2 had a special surface treatment, it had the spray paint RAL 9006 with a
thickness of 100 microns. From the results we can deduce that the injection affected the temperature
of the saw blade (in the expected heat transfer coefficient - a) which cooled slowly. This finding
corresponds well with the differential Eq. 2. The temperature at two different radiuses of the saw
blades confirms the theoretical assumption of concentric temperature distribution with a temperature
gradient from the edge to the radius of the clamping flanges of the saw blade.

Fig.4 shows a rapid rise in the circular saw blade body temperature at 1 to 3 seconds. Then the
thermal equilibrium occurs in of the circular saw blade body. The part of the heat generated by the
cutting process is from the edge to the centre of the circular saw blade conduct. The same part of the
heat is from the surfaces of the circular saw blade to the surrounding environment radiated. As a
result of this phenomenon, the temperature of the circular saw blade in the cutting process is further
increased.

CONCLUSIONS

The experimental measuring confirmed the influence of circular saw blade body modification on the
concentrical distribution of temperature in the radial direction of the circular saw blade:

1. From the selected technological parameters, the highest temperature gradient causes the
length of the cutting wood L, and the change of the temperature gradient from the feed speed is
not statistically significant.

2. The smaller temperature gradient was evident on the circular saw blade with a surface coated
in a thin layer of RAL 9006 material.

3. The coating of surface of circular saw blade with using of thin layer is possible way how to
change its attributes. We suggest this obtained experience to confirm and develop with
following research.
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