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Studies on band saw blades used in wood industry by THE finite element method
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Abstract: The paper presents a series of studies concerning the stresses which occur in the body of a band saw blade. The research has been performed for different types of band saw blades by using the finite element method and the COSMOS programme. The studies lead to interesting conclusions with an immediate practical applicability.
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1. INTRODUCTION
It is a known fact that the main cause of putting band saw blades out of use is their fissuring at the gullet bottom, as a consequence of fatigue. The fatigue of the material is mainly due to the cyclic strains to which the blade is subjected as effect of its repeated bending on the flywheels. The rupture occurs at the gullet bottom, which is the zone of maximum stress concentration. 

The performed studies envisaged to establish the stress level in the blade body during processing. Several tooth types have been taken into consideration, because, as known, different shapes of the gullet are characterised by different coefficients of stress concentration. 

The studies have been performed by using the finite element method with SolidWorks and Cosmos/Works programmes.
2. METHOD AND RESULTS
The studies concerning stresses which occur in the body of band saw blades were performed by taking into consideration the following parameters:

· blade width, b = 130mm;

· blade thickness, g = 1,2mm;

· tooth pitch, p = 45mm;

· tooth height, h = 14mm;

· hook angle, γ = 20°;

· clearance angle, α = 10°;

· sharpening angle, β = 60°;

· swage set, c = 0,5mm;

· blade material: alloy steel, longitudinal elasticity module E = 2,1·105 MPa and rupture stress σr = 1400MPa;

· diameter of band saw flywheels, D = 1300mm;

· initial blade strain, σ0 = 140MPa.
All considered blade types observe the above mentioned data. The difference between them is given only by the tooth profile (shape of the gullet). Fig.1 presents four of the considered blade types which are most commonly used in practice.
The first study envisaged the determination of the capacity of stress concentration for the four considered blade types. Therefore, the stresses which occur in the body of band saw blades after their simple initial tensioning (fig. 2) have been determined.
The obtained results indicated amplitudes of the normal stresses ranging between quite large limits: 243,5MPa for type 4, and respectively 491,8MPa for type 2, which means that the capacity of stress concentration varies from simple to double, although the only difference between the considered blade types is the shape of the toothing.

The next performed studies analysed the influence of the setting type (swage set compared to spring set) on the level of stresses which occur in the blade body (fig. 3). This paper presents the results obtained for blade type 4.

Thus, the aim of the next study was to determine the stresses which occur in the body of differently set band saw blades after their simple initial tensioning (fig. 4). As one can notice, the setting type has no influence either on the amplitude or the distribution of stresses.

The obtained results indicated the same values of amplitudes of the normal stresses: 245,5MPa.
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	Figure 1: Tooth profiles used for the stress determination in the body of band saw blades 
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	Figure 2: Amplitude of normal stresses in the body of tensioned band saw blades 


The aim of the next study was to determine the stresses which occur in the body of band saw blades with different set, during their bending on the flywheel, combined with initial tensioning (fig. 5).
Again, it can be noticed that the set type does not influence the amplitude and distribution of stresses. The maximum stresses have again the same value: 534,0MPa.
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	Figure 3: Blade type 4 with different setting: swage set and spring set


	[image: image12.png]PP2 var2a tens-studu - Sttic Nodal Sress
Units : Ninm?2 (Pe)

Sigma_x

a35es002
26268002
2 naneva0z

1 81701002
1 60401002
1 35201002
1 17901002
la sesesan
7 5300001
s 4124001
(3 28504001

l« 18084001
-3 56024000





	[image: image13.png]PP2 var2h tens-studiul
Units : Ninm?2 (Pa)

Stati Nodl Stress

Sigma_x

a35es002
26268002
2 naneva0z

1 81701002
1 60401002
1 35201002
1 17901002
la seesan
7 5420001
s 41684001
(3 20164001

l« 18524001
460504000





	Figure 4: The amplitude of normal stresses in the body of differently set band saw blades due to initial tensioning (blade type 4)
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	Figure 5: The amplitude of normal stresses in the body of differently set band saw blades during bending combined with initial tensioning (blade type 4)


An other study envisaged the determination of the stresses which occur during cutting in the cutting area. Stresses occur in this area of the blade only due to initial tensioning and cutting forces. The results indicated a relatively small increase of the tensile strain compared to the case of simply tensioned blades. Thus, for the swage-set blade, the amplitude of the normal stresses increased by only 7,1MPa: from 245,5MPa for the simply tensioned blade, to 252,6MPa for the tensioned blade during cutting (fig. 6). For the spring-set blade, the amplitude increased by 10,0MPa: from 245,5MPa for the simply tensioned blade, to 255,5MPa for the tensioned blade during cutting (fig. 7). Though, it has to be noticed that the compression strain in the cutting edge area is much higher with spring-set blades (normal stress 439,5MPa) than with swage-set blades (normal stress 193,2MPa). This leads to a more rapid wear of the spring-set teeth.
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	Figure 6: The amplitude of normal stresses in the body of swage-set band saw blades during cutting
 (blade type 4) 
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	Figure 7: The amplitude of normal stresses in the body of spring-set band saw blades during cutting
 (blade type 4) 


The cutting forces induce deformations which occur with swage-set blades right in the cutting plane (fig. 8), while with the spring-set blades deformations occur outside this plane (fig. 9).
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	Figure 8: The deformation of swage-set band saw blades during cutting (blade type 4) 
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	Figure 9: The deformation of spring-set band saw blades during cutting (blade type 4)


The last serie of studies was performed in order to establish the influence of the blade width on the stress level in the blade body. Four different blade widths have been considered: 100, 130, 160 and 190 mm. No relevant amplitude variation could be noticed due to the increase of blade width, neither for swage-set blades, nor for spring-set ones (fig. 10). 

3. CONCLUSIONS
The performed analyses lead to several conclusions, the most important of them being:

· the tooth profile has a determining influence on the stress concentration degree at the gullet bottom, and thus on the maximum level of stress in the blade body, which varies from simple to double for the considered toothing types;

· the most dangerous strain of band saw blades is due to the bending on the flywheels; this can be stated with regard to the absolute value, as well as with a view to its cyclic character; 

· the tensile strains generated by the cutting forces are relatively low compared to those generated by tensioning and bending; mention should be made of the fact that the studies have been performed for a static load; therefore, a study will be necessary in order to take into consideration the dynamic character of the load (impact strain when the cutting tooth enters into the piece of wood);

· the set type (swage-set compared to spring-set) has no significant influence on the amplitude and distribution of the tensile strains, but it determines the amplitude of the compression strain in the cutting edge area, as well as the deformed shape of the blade, relative to the cutting plane.
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	Figure 10: The amplitude of normal stresses in the body of band saw blades with variable width 

(blade type 4) 
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