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In this study, a numerical model of the tangential tensioning stress 
distribution of a circular saw blade tensioned by multi-spot pressure was 
established using theoretical analysis, and the tangential tensioning 
stress distribution of the circular saw blade calculated by the model was 
shown to be true and reliable. The effect of yield strength of the circular 
saw blade on the distribution of tangential tensioning stress was studied 
using the numerical model. The research achievements showed that a 
circular saw blade made with high-strength or ultra-high-strength steel 
yielded a better tensioning effect during the multi-spot pressure 
tensioning process, which could promote the application of a circular saw 
blade made by high-strength or ultra-high-strength steel. 
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INTRODUCTION 
 

 Because of increased environmental awareness, wood processing enterprises are 

increasingly requiring highly-effective, sustainable wood use. In the field of wood 

processing, the circular saw blade is an important tool. Its cutting precision and material-

saving ability are the most important features for wood processing enterprises. At present, 

the circular saw blade is becoming thinner and thinner in order to reduce kerf loss. 

However, when a circular saw blade is cutting a work piece, tangential and radial tensile 

stresses are produced because of the centrifugal force generated by the high rotational 

speed of the blade.  

Thermal stress is also produced, because the temperature at the edge of the blade 

is higher than in other regions. These two stresses cause high tangential compressive 

stress on the edge of the circular saw blade, causing a buckling deformation that reduces 

cutting precision, increases kerf loss, and shortens the saw’s life (Li et al. 2015). The 

above-mentioned phenomena can easily occur in the case of a thin circular saw blade. 

Therefore, the application of the thin circular saw blade has both advantages and 

disadvantages. 

The multi-spot pressure tensioning process is one kind of tensioning method that 

is applied in order to avoid the above-mentioned phenomenon. The tangential tensile 

tensioning stress field is produced during the tensioning process in order to compensate 

for the tangential compressive stress, which improves the stability and quality of the 

circular saw blade. However, the thin circular saw blade requires tangential tensioning 

stress with more reasonable distribution to maintain stability, mainly in the range of 

higher maximum difference of tangential tensioning stress. 
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The high strengthening of metallic materials is one of the feasible technology 

tactics and strategies for resources and energy-saving, as well as emission reduction. The 

wide application of high-strength or ultra-high-strength steel is being vigorously 

promoted at home and abroad, which impels the basic theory research and the application 

technology development of high-strength or ultra-high-strength steel manufacturing to 

become an international frontier and hot spot. High residual stress is admittedly produced 

onto high-strength or ultra-high-strength steel in the course of plastic deformation. 

Tensioning stress is essentially residual stress. Therefore, a thin circular saw blade made 

from high-strength or ultra-high-strength steel may be more suitable for obtaining high 

values of tangential tensioning stress and more reasonable distributions during the multi-

spot pressure tensioning process. There has been no related theoretical research about this. 

At present, studies about the tensioning processes of circular saw blades have 

mainly focused on the effect of tensioning on the dynamic stability of the blades 

(Szymani and Mote 1974; Carlin et al. 1975; Schajer and Mote 1983; Schajer and Mote 

1984; Schajer and Kishimoto 1996; Stakhiev 2004; Ishihara et al. 2010; Cristóvão et al. 

2012; Ishihara et al. 2012). The generation of tensioning stress during tensioning 

processes has been studied by a few researchers. A theoretical model of the roll 

tensioning process was established by Szymani and Mote (1979). A model of the roll 

tensioning process was established by Nicoletti based on the finite element method, and 

the tensioning stresses were determined (Nicoletti et al. 1996). An FEM simulation 

model for the roll tensioning of circular saw blades, which allowed for the investigation 

of various roll tensioning parameters, was developed by Heisel et al. (2014). A 

mathematical model of tangential tensioning stress in the edge of a circular saw blade 

tensioned by multi-spot pressure was established for the quality control of circular saw 

blades by Li et al. (2015). However, to date, for circular saw blades made from high-

strength or ultra-high-strength steel, there has been little theoretical research about the 

generation of tangential tensioning stress during the multi-spot pressure tensioning 

process. 

Yield strength is the main performance parameter for high-strength or ultra-high-

strength steel. In this paper, the effect of yield strength of the circular saw blade on the 

generation of tangential tensioning stress was analyzed. The tensioning effect of the 

multi-spot pressure tensioning process was evaluated by the tangential tensioning stress 

distribution. The results of this research can be used to promote the application of circular 

saw blades made from high-strength or ultra-high-strength steel. 

 
 
EXPERIMENTAL 
 
Materials 
 The parameters of the circular saw blade are shown below (Li et al. 2015). The 

material was 65 Mn; the hardness was HRC42; the diameter was 356 mm; the thickness 

was 2.2 mm; and the diameter of the hole was 30 mm. The yield strength of the circular 

saw blade was 430 MPa. Its elastic modulus and Poisson ratio were 210 GPa and 0.3, 

respectively. The parameters of the spherical pressure head are shown below. Its hardness 

was HRC60; its radius was 70 mm; and the loading force was 100.0 kN. The distribution 

of spots is shown in Fig. 1. 
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Fig. 1. Distribution of spots on the circular saw blade 
 

Methods 
Tangential tensioning stress measurement 

As shown in Fig. 1, Line a, Line b, and Line c were inserted into a specified radial 

path of the circular saw blade. There were 14 points on each line. Each point was 

numbered from 1 to 14 from the inside to the outside, respectively. Among them, the 

distance between the first point and the center of the circular saw blade was 38 mm. The 

distance between each point was 10 mm. In order to improve the test precision, the 

tangential tensioning stress of each point was tested twice by an X-ray stress meter, as 

shown in Fig. 2 (Umetsu 1989; Umetsu et al. 1994). The average value of the test results 

of the points with the same number was the final tangential tensioning stress value. 

 

 
 
Fig. 2. X-ray stress meter 

 

Mechanical model of the multi-spot pressure tensioning process 

The mechanical model of the multi-spot pressure tensioning process was built 

with reference to Li et al. (2015). The multi-spot pressure tensioning process was 

assumed to include two mechanical processes: the one-spot pressure process; and the 

process of elastic deformation of a disk with many through-holes subjected to uniform, 
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radial compressive stress. The radius (m) of the axial through-hole was the same as the 

radius of the local plastic deformation region. The uniform radial compressive stress (qa) 

applied to the inner wall of the through-hole was equal to the average radial compressive 

stress at the boundary of the local plastic deformation region, as shown in Fig. 3. The two 

mechanical processes were built via the finite element method (FEM), as shown in Figs. 

4 and 5, considering the axial symmetry of the first process and the symmetry of the 

second process. 

 

 
 
Fig. 3. Mechanical model of the multi-spot pressure tensioning process of circular saw blades 
 

 
 
Fig. 4. Schematic diagram of the geometric model of the one-spot pressure process 
 

 
 
Fig. 5. Schematic diagram of the geometric model of the elastic deformation process of a disk 

 
 
RESULTS AND DISCUSSION 
 

The contrast between the tangential tensioning stress of the circular saw blade 

calculated by the simulation model and the measured results in the specified radial path 

of the circular saw blade are shown in Fig. 6. As shown in Fig. 6, the tangential 
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tensioning stress distribution of the circular saw blade calculated by the simulation model 

and the measured results in the specified radial path of the circular saw blade followed 

the same trend, and the values were similar in most regions, which demonstrated that the 

tangential tensioning stress of the circular saw blade calculated by the model in this paper 

was true and reliable. 

 

 
 
Fig. 6. Contrast between the simulation and the measured results 

 

The loading forces of (F) were: 40, 60, 80, 100, 120, and 140 kN. The yield 

strengths of the circular saw blade were: 300, 600, 900, and 1200 MPa. The metallic 

material of the circular saw blade was assumed to be linear hardening. Its strain 

hardening rate was 500 MPa. 

The radius (m) of the plastic zone and radial compressive stress (qa) were the 

main factors that determined the distribution of tensioning stress of the circular saw blade 

(Li et al. 2015). The effects of yield strength of the circular saw blade on them were 

analyzed by the numerical model, as shown below. 

 

 
 
Fig. 7. Variation of thickness reduction amount with loading force in different yield strengths 

 

As shown in Figs. 7 and 8, the thickness reduction amount of blade and radius (m) 

of the plastic zone were increased with a loading force of (F) when the circular saw blade 

was in any yield strength because the increase of loading force promoted the local plastic 



 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Li et al. (2015). “Model of stress at saw blade edge,” BioResources 10(4), 7501-7510.  7506 

deformation. The thickness reduction amount of blade and radius (m) of the plastic zone 

were decreased with yield strength when the circular saw blade was in any loading force 

of (F) because the increase of yield strength increased the metal deformation resistance 

and restrained the local plastic deformation. 

 

 
 
Fig. 8. Variation of radius (m) of the plastic zone with loading force in different yield strengths 

 

As shown in Fig. 9, the radial compressive stress (qa) was almost unchanged with 

loading force F when the circular saw blade was in any yield strength because the metal 

in the junction between the elastic and plastic deformation zones had the same stress state.  

 

 
 
Fig. 9. Variation of radial compressive stress (qa) with a loading force in different yield strengths 

 

The radial compressive stress (qa) was increased with the yield strength of the 

circular saw blade. When the yield strength of the circular saw blade was 300 MPa, the 

radial compressive stress (qa) was approximately 152 MPa. When the yield strength of 

the circular saw blade was 600 MPa, the radial compressive stress (qa) was approximately 

296 MPa. When the yield strength of the circular saw blade was 900 MPa, the radial 

compressive stress (qa) was approximately 420 MPa. When the yield strength of the 

circular saw blade was 1200 MPa, the radial compressive stress (qa) was approximately 

550 MPa. 
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The distribution of tangential tensioning stress of the circular saw blade is shown 

in Fig. 6. The maximum tangential tensioning stress was on the edge of the circular saw 

blade. The minimum tangential tensioning stress was in the middle of the circular saw 

blade. The maximum difference of tangential tensioning stress was the difference 

between the maximum and minimum tangential tensioning stress, which represents the 

tensioning effects of the multi-spot pressure tensioning process. The maximum tangential 

tensioning stress, minimum tangential tensioning stress, and maximum difference of 

tangential tensioning stress were three important indicators that described the distribution 

of tangential tensioning stress. The greater maximum difference of tangential tensioning 

stress meant that the circular saw blade could maintain stability during large temperature 

differences when it was at work. Therefore, the effects of yield strength on the maximum 

tangential tensioning stress, minimum tangential tensioning stress, and maximum 

difference of tangential tensioning stress were analyzed by the numerical model, as 

shown below. 

 

 
 
Fig. 10. Variation of maximum tangential tensioning stress with thickness reduction amount in 
different yield strengths 

 

When the thickness reduction amount of blade exceeded 0.1 mm, it meant that 

excessive deformation was produced on the circular saw blade. The indentations of the 

circular saw blade could be easily seen, which is not good for manufacturing. To obtain 

tangential tensioning stress with better distribution, excessive deformation is produced 

onto the thin circular saw blade made by steel with a lower yield strength during the 

multi-spot pressure tensioning process. This is unfavorable for the circular saw blade 

made by steel with lower yield strength. In summary, tangential tensioning stress with 

better distribution and moderate plastic deformation are needed for the circular saw blade 

during the multi-spot pressure tensioning process. 

As shown in Fig. 10, the maximum tangential tensioning stress of the circular saw 

blade was increased with the thickness reduction amount of blade when the circular saw 

blade was in any yield strength because the increase in reduction amount made the radius 

(m) of the plastic zone increase. When the thickness reduction amount of blade was less 

than 0.1 mm, the change range of maximum tangential tensioning stress was different 

when the circular saw blade was in a different yield strength. The simulation results 

showed that the maximum tangential tensioning stress could change in a larger range 

when the yield strength of the circular saw blade was changed. When the thickness 

reduction amount of blade was less than 0.1 mm and a moderate plastic deformation was 
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produced, the circular saw blade with a higher yield strength could achieve a higher 

maximum tangential tensioning stress. 

 

 
 
Fig. 11. Variation of minimum tangential tensioning stress with thickness reduction amount in 
different yield strengths 

 

As shown in Fig. 11, the maximum tangential tensioning stress of the circular saw 

blade was decreased with the thickness reduction amount of blade when the circular saw 

blade was in any yield strength. The simulation results showed that the minimum 

tangential tensioning stress could change in a larger range when the yield strength of the 

circular saw blade was changed. When the thickness reduction amount of blade was less 

than 0.1 mm and a moderate plastic deformation was produced, the circular saw blade 

with a higher yield strength could achieve a lower minimum tangential tensioning stress. 

 

 
 
Fig. 12. Variation of the maximum difference of tangential tensioning stress with thickness 
reduction amount in different yield strengths 

 

As shown in Fig. 12, when the thickness reduction amount of blade was less than 

0.1 mm, the change range of the maximum difference of tangential tensioning stress was 

different when the circular saw blade was in different yield strengths. The simulation 

results showed that the maximum difference of tangential tensioning stress could change 

in a larger range when the yield strength of the circular saw blade was increased. When 

the thickness reduction amount of blade was less than 0.1 mm and a moderate plastic 
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deformation was produced, the circular saw blade with a higher yield strength could 

achieve a higher maximum difference of tangential tensioning stress. This showed that 

the circular saw blade with higher yield strength could achieve better tangential 

tensioning stress distribution with a moderate plastic deformation. It was demonstrated 

that a circular saw blade made with high-strength or ultra-high-strength steel was more 

suitable for achieving better tangential tensioning stress distribution with moderate plastic 

deformation during the multi-spot pressure tensioning process, theoretically. 

 

 
CONCLUSIONS 
 

1. In this study, a numerical model for the tangential tensioning stress of a circular saw 

blade tensioned by multi-spot pressure was established by theoretical analysis and 

calculation. The model accurately predicted the tangential tensioning stress 

distribution of the blade, which was proved to be true and reliable by experimental 

data. The effect of yield strength of the circular saw blade on the distribution of 

tangential tensioning stress was studied by the numerical model. The effect of the 

circular saw blade made from high-strength or ultra-high-strength steel on the 

tensioning effect of the multi-spot pressure tensioning process was studied, 

theoretically. 

2. The simulation results showed that the circular saw blade with higher yield strength 

could achieve better tangential tensioning stress distribution with a moderate plastic 

deformation, and the circular saw blade made from high-strength or ultra-high-

strength steel was more suitable for achieving a better tensioning effect during the 

multi-spot pressure tensioning process. 
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