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Abstract

In this study, the full dynamic reactions in the bearing supports of the leading wheel of big band saw machines are
determined. These reactions are caused by both the external loads and the kinematic and mass characteristics of the
rotating disk. Expressions for calculating the dynamic reactions caused by external forces and moments that occur in
the operating mode are obtained. The influence of the kinematic and mass characteristics of the rotating disk is studied
and expressions for calculating the dynamic reactions caused by these characteristics are obtained. Expressions for
calculating the full dynamic reactions that load the bearing supports of the leading wheel are obtained. With the help of
these expressions, the parameters of the band saw machine can be selected in such a way as to ensure a minimum load
on the shaft and bearings.
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1. Introduction

The band saw machines are a certain class of woodworking machines for longitudinal, cross or curvilinear sawing. They
are used for sawing logs, boards, slabs, prisms, details etc. These machines saw the workpiece through a band saw blade
and two leading wheels. According to the diameters of the two wheels and the width of the band saw blade, band saw
machines are divided into three groups:

. Ordinary band saw machines, 400<D<1000 [mm], B is up to 40 [mm];
. Deal band saw machines, 1000sD<1500 [mm], 70 <B< 175 [mm];
. Log band saw machines or big band saw machines, 1100<D<3500 [mm], 140<B<360 [mm].

Research related to the determination of the external loads that form the dynamic reactions in main links of some classes
of woodworking machines are published in the technical literature. Zheng at al. [1] propose an acceptance method of
adjusting the dynamic tensile force range of band saw blades. This method is to calculate the static and dynamic tensile
force of band saw blades by the string vibration formula. With a focus on industrial applications, Marchal at al. [2]
emphasize the wood peeling process, which is a very demanding special case of wood cutting. Porankiewicz at al. [3]
evaluate non-linear dependencies between main (tangential) and normal (radial) cutting forces upon two machining
parameters by up-routing and down-routing wood of Douglas fir (Pseudotsuga menziesii) and Oak (Quercus petraea).
A new computational model, based on fracture mechanics, is used by Hlaskova at al. [4] to determine cutting forces. The
new model uses two main parameters: fracture toughness and shear yield stresses. Moradpour at al. [5] measure the
components of cutting force in bandsaw processing of green oak and beech wood at 90°-90° cutting direction. Results
show that all cutting force components change by increasing the cutting speed and feed rate over the analysed range.
Krenke at al. [6] present a method for the characterization of test setups, enabling a correction method of different
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examinations. Subsequently, the identified transmission characteristic is used for the correction of own cutting force
measurements.

The purpose of this study is to propose analytical and numerical solution to analyze the full dynamic reactions in the
bearing supports of the upper leading wheel. In order to achieve this purpose, the following main tasks must be solved:

. obtaining expressions for calculating the dynamic reactions due to the external load;

. obtaining expressions for calculating the dynamic reactions due to the kinematic and mass characteristics of
the rotating disk;

. obtaining expressions for calculating the full dynamic reactions in the bearing supports;

° construction of plane and spatial diagrams, which show the change of the full dynamic reactions when changing
different parameters.

The received expressions for calculating the full dynamic reactions can be used both when designing new machines and
to ensure the efficient and reliable work of the band saw machines in operating mode.
2. Expose

2.1. Scheme of the cutting mechanism

The scheme of the cutting mechanism is shown in Fig.1[7, 8]. The following symbols are defined: 1-main shaft, 2 and 5-
belt pulleys, 3 and 4-leading wheels, A - band saw blade, and 6-upper shaft.

b

Figure 1 Cutting mechanism

2.2. Dynamic model

Figure 2 shows the dynamic model when the upper leading wheel is mounted symmetrically between the two bearing
supports.
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Figure 2 Dynamic model

The following coordinate systems are used to obtain expressions for calculating the full dynamic reactions [9]:

. 04 XYZ - fixed coordinate system;
. O4X1ylZ1 - moving coordinate system;
. C4XI y' Z'- coordinate system, whose axes are parallel to the axes of the moving coordinate system;

. C,&16 - coordinate system, whose axes are principal axes of inertia.

The linear deviation (eccentricity) € and angular deviation & are also shown in the figures as € = O4C4 and « is

the angle between the axes { and Z.

2.3. Dynamic reactions caused by external load

We consider the external forces that load the leading wheel. These forces are shown in Fig. 3

Figure 3 External load on the leading wheel

The leading wheel rotates with a constant angular velocity @ and describes an angle ¢ = @t. The tensile forces in the

band saw blade are denoted by F4e. Difference expressions for calculating this force are presented in the technical

literature. An appropriate formula for its calculation is written below [7].
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F;, =15N_./V, (1)

where N ¢ is the cutting power and V isthe cutting speed.

The weight of the leading wheel GZ can be calculated from a formula known in literature, Gj =m,g [10, 11], where

M, is the mass of the wheel and { is the acceleration of gravity.

The force R: is transmitted from band saw blade to the leading wheel. This force can be calculated with sufficient
accuracy from the following dependence [7].

. R'+R
R4=%, (2)

n
where Rz is the total resistance force. This force is calculated for each individual case. Rb is the normal force loading

the workpiece. This force can be calculated from the expression below, in which the cutting force PbT participates. [7,
12].

K, ,bHU
R =mP’ =m—24—__— 3)
\%
where H is the thickness of the workpiece, U is the feeding speed, b is the width of the cutter. IM is a coefficient that
changes within the following limits 0<m<1. KA()») is the specific work of the cutting. It is determined from the
expressions below [13].
a a,H a,ps oH
K,=k+ "p+ T K1=k+”—p+‘—. 4)
u,, b bu,, b

The symbol e, ,, is the friction intensity of the shavings on the sawing walls, as «,, is used for swage-set teeth and

o , - for part-set teeth. ap is a coefficient of the blunt teeth, S is a thickness of the band saw blades. K is the fictitious

pressure on the front side of the teeth and  is the fictitious specific force on the back side of the teeth. The feeding of

one tooth is marked with U,,, U, ;.

Figure 4 Loading the upper shaft

To determine the dynamic reactions, we first determine the load on the upper shaft of the band saw machine. For this
purpose, we reduce the forces that load the leading wheel to the axis of rotation of the upper shaft. Figure 4 shows the
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forces and moments that load the shaft and cause the dynamic reactions in the bearing supports. These reactions are
also shown.

The force R;, is calculated from the following expression:
R;, =R;cosc. (5)

This force creates the following moments relative to the axes X,y and Z .

mK, ,,bHu
M§4x:1 — 2"~ 4 R, |ecosasin at,
2 \
mK, ,,bHu
Rty = %[% + REJCOSQ(Q +ecosat), (6)
Mlg4z:0'

The weight of the leading wheel G: creates moments relative to the axes X,y and Z presented below.

Mg, =Mm,gesin a,
Mgsy =0, 7)

M¢,, =M,gecosa coswt.

Dynamic reactions can be determined from the equilibrium conditions. From these conditions, we obtain the
corresponding equations in which the support reactions participate.

Ry, —S; =0,

Mé,, + Mg, —Gya, —2F/a, -T/2a, =0,

M, + Mgy, +Gia, + 2F/a;, + S;2a, =0, (8)
- Msmy "‘Txezas =0,

-Mg,, —S;2a,=0.

After performing some substitutions, we get the expressions for the dynamic reactions caused by the external load in a
final form. These expressions are presented below.

ge mKA(/l)bHu+R cosa
Z Vv Y) 2

, 9)

mK,,,,bHuU
Te = m,g (esina—as)—l'SNc B LAYO +R, lecosasinat,
2a, \ 4a, \
mK ) oHU
Sy =- . (eSan{-Fag)—ﬂ—i MO " 1R, lecosasin at,
Vo 4al V

1 ( mK,,bHuU
+ Ry COS(Z+E —>=——+R; |ecosacosat,
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S¢ =

X

r, (mKAu)bHu

mK, ,,bHu
- +R, |cosa— L %)
4a, \Y

+ R, |ecosacosat.
4a, V

2.4. Dynamic reactions caused by the kinematic and mass characteristics of the rotating disk

To determine the dynamic reactions caused by the kinematic and mass characteristics of the leading wheel, we use the
dynamic model, shown in Fig.5.

Figure 5 Dynamic model

Dynamic reactions can be determined by the following equations [10]:

(0) 2,0))_ ci i
mA(— &Ye, X, )— S T Txo)

(0) 2,0))_ qi i
m4(5XC4 —oYe, )— Sy(O) "'Ty(o)' (10)
~£d0 + 0?30 =S} a,-T!

Xz yz y(O)a3 V(O)as’

(0) 21(0) _ i i
—&d,,) — 0", =-S5, T T, )2

X

The following symbols are used: Xg) and yg) are the coordinates of the centre of mass C4 in the initial moment. The

centrifugal moments of the leading wheel about axes X,z and Y, Z are denoted by J)E(Z)) and J f,g) in the initial moment.

We consider motion with constant angular velocity i.e., @ = cONnst, & = Owhere & is the angular acceleration. In this

case, the dynamic reactions are constant with respect to the moving coordinate system. These reactions change about
the fixed coordinate system depending on the change in the angle ¢. We can determine their sizes to an arbitrary

position. Therefore, we choose the initial position when @ = 0. For this position, the axes of the fixed coordinate

system O,XYZ and the moving coordinate system O,X,Y,Z,; coincide. In this case, the coordinates of the centre of

mass C, are calculated by the following expressions:
X, =ecosa, Y, =0, z¢) =—esina. (11)

The centrifugal moments \])ES) and J)(,S) for the initial position (@ = 0) can be calculated using the Huygens-Steiner
theorem [10, 11].
0) _ 700 (0)5(0) 0 _ 100 (0)5(0)
Jo = TMxe e, Jy, =0+ MY,z (12)

C,’

97



Global Journal of Engineering and Technology Advances, 2021, 09(03), 092-104

0 0 ; . . . v/ 7
where J)Ez) and J;Z)- are the centrifugal moments relative to the respective axes of the coordinate system C4X yz.

These moments are calculated from the following dependencies:

JO = _[x'z'dm, JO = jy'z'dm. (13)
Xz yz
) V)
We need to express the coordinates X, Z and y' through the coordinates &, ¢ and 77.. The two coordinate systems

C,&¢n and C4x'y'z' have a common origin and are rotated relative to one other at an angle ¢, which is shown in
Fig. 6.

M . z
i~
C‘ 3 \ »
4 . T »
o
A ¢
\
\
P
=) .._.’__./___j
MY M
(24
X
v

Figure 6 Transition of the coordinates between the two rectangular coordinate systems

The transition from the first rectangular coordinates X,Z, y' to the other rectangular coordinates &, &, 77 takes place
according to known formulas, which are written below.

X =£cosa + ¢ sina,
z =-&sina+ ¢ cosa, (14)
y =7.
We replace these expressions in expressions (13) and obtain the following dependences for calculating the centrifugal

moments of inertia Jig) and J;OZ)

IO = I(fCOSa+é’SIn a)(—=&Esina + ¢ cosar)dm,
V)

.[77( Esina + ¢ cosar)dm.
V)

We transform the above expressions and obtain the expressions for the centrifugal moments, keeping in mind the fact
that the axes &, 77and £ are the principal axes of inertia.

(0) (15)

30 __(J —J,)sin 2a, Ji‘?z), =0. (16)

We substitute the above expressions in the expressions (12) and receive the dependencies for calculating the centrifugal
(0) (0)
moments J,," and J,;’.
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1 .
19 =200, -3, ~me)sin2a, 3P =0, a7)

where J ¢ and J ¢ are the mass moments of inertia of the rotating disk toward axes & and ¢ .
After the explanations made above, we can write the expressions (10) in the following form.

—m,w’ecosa =S, +T,

)
i i
0=S,0)+ Ty

0=8} 02~ Ty0),

2

(18)

@

5 (J§ -J, - m4e2)sin 20 = =S, 0@, + Ty )3

From these expressions, we obtain the expressions for the dynamic reactions for the initial position (¢ =0) in the final
form.

2
lm) =%[at (Jg -J; —m4e2)sin a—m@}cow,

i ‘11 i
TX(O):_%{g(\]f—\]g—m4e2)5|na+m4e cosa, (19)

SIy(O) = Ty'<0) =0.

The dynamic reactions for an arbitrary position (¢ # 0) can be determined from the following dependencies.

Sy =Sy COSat, S, =S, sin at,

i i i i ; (20)
T, =Ty COsat, T, =T, Sin wt.

We can write the expressions for the dynamic reactions in final form using the dependencies (19) and (20).
i o |1 2\
S, = —(Jg—Jg—m4e )S|na—m4e COSc COSait,
2 | a,

i(\]gv -J, - m4e2)sin a-— m4e} cosa sin at,

: @’ | 1 ] -
T, Sy —(Jé—Jg—m4e2)sina+m4e cosa Cosat,
| & i
: o] 1 ]
Ty'——7 —(Jé—Jg—m4e2)sina+m4e cosa sin wt.
L & i

2.5. Full dynamic reactions

The full dynamic reactions are sum by the dynamic reactions caused by the external load and dynamic reactions caused
by the kinematic and mass characteristics of the rotating disk. They can be determined by the following dependencies.

(22)
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mK,,,.bHu mK,,,.bHu
SXZ_L (O halinalr R, |cosa — i — AT R, [ecosa —
\VJ 4a, \Y

2
o |1 AW
—7|:a—3(\]§ — ‘]g“ — m4e )Sln o— m4e:|COSC¥}COSCUt,

mg, .
S, =——22(esin - —

15N, | 1 (mK,bHu
4a,

+ Rz]ecow -
2

o1 . :
_?{g(\]é -3, - m4e2)sm a- mAe}COSa}sm a,

mK,,,.bHu mK,,,.bHu
TX:L(L+szcosa+{%(L+REJECOSa—

4a, \Y a3 v
|1 2 \ei
_7{61_3(35 ~J,—me?)sing + m4e} cosa {Cosat,

mK, ,,bHu
T, = m4g_(eSina—as)_1.5Nc + L L*'Rz ecosSa —
2a, \Y 4a, \Y

2
__{i(\]gy —J,-me?fsina+ m4e}c05a}sin ot
a

3. Numerical solutions

The results of the carried out computer experiments are presented in Figs.7 and 8. We use the following initial data [13-
16]:

»=56[s"], e={0,0.00}[M], & ={0,0.017}[rad], @, = 0.6[m], m, =810[kg], J, =171[kgm’], J_ =336 [kgm"’],
N, =434[kKW],V =45[m/s] , r,=0.8[m] , s=147[mm] , b=25mm] , p=9220[N/m]
k=35x10°[Pa] , «, =245x10°[Pa] , «, =196x10°[Pa], m=0.5 , H=0.42[m] , u=0.5[m/s]
u,, =2.5[mm], K, =80x10°[J /m*], R, = 2400[N].

3.1. Plane diagrams

Figure 7 shows the plane diagrams of the full dynamic reactions SX, Sy ,TX, Ty
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Figure 7 Full dynamic reactions S,,S,, T,, T,

3.2. Spatial diagrams

v oy

Figure 8 shows the spatial diagrams of the full dynamic reactions SX 'S

Full Dynamic Reaction S,,

Full Dynamic Reaction 5,
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Full Dynamic Reacticn Tx Full Dynamic Reaction T,,
PR

LT

x 10°

Figure 8 Spatial diagrams of the full dynamic reactions S,, Sy T T,

4. Analysis of the obtained results

In this article, plane and spatial diagrams are constructed using the obtained theoretical expressions for calculating the
full dynamic reactions. These diagrams are shown in Figs. 7 and 8.

The plane diagrams presented in Fig.7 show the dependence of the dynamic reactions from the time t on given values
of the eccentricity € and the angle & . The diagrams, marked with 1 are drawn in a case where € = 0.001]m] and
a =0.017[rad]. The diagrams, marked with 2 are drawn in a case where no eccentricity, i.e. € = 0. The diagrams,
marked with 3 are drawn in a case when the angle « is equal to zero, i.e. & = 0. The bearing load has a minimum value
when « = 0. Obviously, the angle & has a greater influence on the size of the dynamic reactions than the eccentricity

€. This fact can be used in the design of new band saw machines. These diagrams also show that dynamic reactions
take on both positive and negative values. This is a very unfavorable operating mode because it can lead to the so-called
material fatigue phenomenon and, consequently, to the destruction of the machine shaft.

The spatial diagrams presented in Fig. 8 show how the dynamic reactions change when the two arguments change, i.e.,
when the time t and the angular velocity @ change. These diagrams are constructed when the linear and angular
deviations assume maximum values. We can find that as the angular velocity increases, the magnitudes of the dynamic
reactions also increase. This is due to the fact that in this case the magnitudes of inertial forces and moments increase.

The obtained theoretical expressions can be used in different cases.
. Strength dimensioning or strength check of the upper shaft of the band saw machine;
. Deformation check of the upper shaft of the band saw machine;

. Study of the transverse vibrations and spatial deformations of the upper shaft;

e Optimal placement of the leading wheel and suitable disposal of the bearing supports and achieving the
minimum dimensions of the mechanical system.

5. Symbols used in the article

A Band saw blade a, Coefficient of the blunt teeth
B Width of the band saw blade [m] b Width of the cutter [m]
C,X'y'z' Coordinate system e Eccentricity [m]

C,&ns Coordinate system g Acceleration of gravity [m/s]
D Diameter of the leading wheel [M] k Fictitious pressure [N /m?]
F, Tensile force[N] m, Mass of the leading wheel [Kg]
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G, Weight of the leading wheel [N] m Coefficient
H Thickness of the workpiece [m] p Fictitious specific force [N /m]

, entrifugal moments [Kgm ickness of the band saw blades[m
30,39 centrifugal kgm? S Thickness of the band saw blades [m]
J)E-?, J;OZ) Centrifugal moments [kgmz] t Time [S]

J ¢, J, Mass moments of inertia [kgm?] u Feeding speed[m/s]
Ky Specific work of the cutting[J / m®] U,,, U,, Feeding of one tooth[m]
M §4x, M §4y .M 242 Moments [Nm] X,y,Z Coordinates axes
Mg Mésy s MEy, Moments [Nm] X,V 4 Coordinates axes
N, Cutting power [KW] X, y' 7 Coordinates axes
O,Xyz Fixed coordinate system X((:i), ((:?’ Zg) Coordinates of point C, [M]
O,X,Y,Z, Moving coordinate system a Angular deviation [rad]
N Cutting force[N] a, ;) Friction intensity of the shavings[Pa]
Ry Normal force [N] & ¢n Coordinates axes
R,  Total resistance force[N] @ Angle of rotation [rad]
S, S, S;

Dynamic reactions [N ] g Angular acceleration [$7]
T T,
i S,

o Dynamic reactions [N ] ® Angular velocity [s™]

. T
Sy S,

Full dynamic reactions [N ]
T, T,
\Y Cutting speed[m/s]

6. Conclusion

In this paper, the dynamic processes that arise in the operating mode of big band saw machines are analyzed.
Theoretical expressions for calculating the full dynamic reactions in the bearing supports are obtained. For this purpose,
the dynamic reactions caused by external loads are analyzed and expressions for their calculation are obtained. The
dynamic reactions caused by the kinematics and mass characteristics of the rotating disk are also analyzed. In this case,
dependencies for calculating these reactions are obtained. They are used to determine the full dynamic reactions. The
obtained theoretical expressions show that the full dynamic reactions change according to a harmonic law. The plane
and spatial diagrams are drawn. The plane diagrams show that the angular deflections have a more significant influence
on the magnitudes of the reactions than the linear deflections. Spatial diagrams show how the reactions are changed
when the angular velocity change. We can see that the magnitudes of the reactions increase when the angular velocity
increase. An analysis of the obtained results is made. Various applications of the theoretical expressions for calculating
the full dynamic reactions are shown. The more important applications are strength check, deformation check, as well
as investigation of the transverse vibrations and spatial deformations of the upper shaft. In conclusion, we can say that
the results obtained in the article can be used in future research related to ensuring reliable and safe operation of big
band saw machines.
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