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The beam is much stiffer against 
bending in the plane x-y where the bending 
moment Mz acts, and is very flexible in the 
perpendicular plane x-z (if a bending 
moment My acts there). In Fig. 3, the beam 
is loaded in the stiff plane x-y with Mz(x) = 
xP/2 – qyx

2/2, whereas My = 0. The bending 
appears as shown (exaggeratedly) in Fig. 4. 
Deformational displacement v = v(x) of the 
cross section center in the y direction is 
available. 

Meanwhile it is to clarify that in this 
paper displacements of (centers of) cross-
sections in the directions x, y, z are denoted 
as u, v, w (Stefanov 2007); concretely in 

Fig. 4, u = 0, w = 0, and v = v(x)  0 is 
negative. As to the angles of deformational 
tilts (rotations) of cross-sections around the 

beam’s axes x, y and z, they are denoted as 

 x,   y and z (Stefanov 2007); in Fig. 

4,  = 0, y = 0, and z = z(x)  0 is 
negative. 

It is well known that at a sufficiently 
high, critical magnitude Pcr of P, the beam 
will buckle out sidewise (Fig. 5) due to 
b >> s. This buckling is a twist associated 
always with second bending in the 
perpendicular plane x-z of flexibility.  

The main characteristic of buckling is 
that it is possible since sufficiently great 
forces can take displacements as moment 
arms. In the usual case of deformation, 
moment arms of forces are always 
associated with initial dimensions of the 
body. If there are no initial arms, there will 
be no initial moments: no torsional and 
bending moments Mx and My in Fig. 3. 
However, displacements can come first and 
serve as moment arms. Thus, let a 
displacement –w(x) come first in Fig. 5 as 
an arm of q for Mx(x). Then, torsion with the 

angle  occurs and the final arm of q for 

Mx(x) is z(x) = –w(x) – b/2. Next, the 

expression of Mx(x) should be obtained. This 
is not simple since P is not concentrated but 
distributed along the top face of the beam. 
Next, since the principal axes y and z of 
inertia of the cross section have been tilted 

by  to the new positions labeled as (y) and 
(z), q should be resolved into q(y) and q(z). 
This is a situation for double bending: 
appearance of My(x) due to q(z) together with 
Mz(x) due to q(y). 

Next, two differential equations of 

second order for w(x) and (x), bound 
together, should be worked out and solved. 
The boundary conditions at the ends of the 

beam are  = 0 and y = w'(x) = 0 provided 
by reactive moments MR,x and MR,y (Fig. 5). 
The problem of setting the two differential 
equations and their solution for finding out 
Pcr is not easy at all. The reader can look at 
and follow how similar easier problems are 
set and solved in Advanced Strength of 
Materials courses, e.g. in (Den Hartog 
1984). 

Besides, for better approaching of the 
model in Fig. 5 to a real bandsaw blade, the 
following modifications should be done. An 
internal longitudinal force Nx(x) of 
tensioning the blade should be added to Fig. 
5, with –w moment arm, which tries for 
straightening the beam, respectively for 
preventing it from buckling and stabilizing 
it; Pcr should increase then. The length of 
the beam should be stretched far off the two 
supports to reach the bandsaw wheels. The 
two guide-system supports of a real blade do 
not look like the slot supports in Fig. 5 and 

would not provide the conditions  = w = 0 

and y = 0 exactly; etc. Hence, an exact 
mathematical solution for Pcr of a real 
bandsaw blade becomes totally impossible, 
practically. 

Nowadays, the existing FE systems 
have radically changed the approaches to 
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illustrated) has proved nearly twice as short 
as in the case of standard teeth (R is about 
15 N now). The tooth oval is obviously a 
spot of pivoting. 

Hence, the blade with the crowned 
teeth is ready to veer (Fig. 13) once cutting 
starts and the slot cut is still short. Whereas, 
according to the previous illustrations and 
data, the blade with the standard teeth will 
remain and behave quietly in a long slot cut. 

Additional results (not placed in this 
paper) have also been obtained after 
decreasing P twice as little, i.e. to 100 N. 
Then the behaviors of the crowned and 
standard teeth trend to equalizing. 

CONCLUSION 
The FE modeling done certainly throws 

additional, sophisticated light revealing why 
the blade with crowned teeth is instable. 
After this first step of cooperation with FH, 
in next studies more elaborated FE models 
would be developed. Incisions and chips cut 

would be formed in front of each tooth, 
more actual constraints and contacts at the 
guide system and the wheels would be set, 
the longitudinal forces for blade tensioning 
and cutting would be included, and so on. 
FE revealing the concentrated local stresses 
immediately helps for designing and 
redesigning of solidified gullets, enlarged 
solder areas, etc. 
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