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Abstract

In this paper, the influence of static and dynamic loads on the cutting mechanisms of big band saw machines is analyzed.
For this purpose, functions describing the static deformations of the upper shaft in two mutually perpendicular planes
were obtained. The influence of dynamic loads is also analyzed. In this case, the transverse vibrations and the dynamic
deformations are studied. Functions describing the vibrations and deformations of the upper shaft have been received.
Diagrams showing the type of elastic lines from static loading are built. Diagrams and surfaces, showing the type of the
dynamic deformations are also built. The proposed theoretical expressions, diagrams and surfaces can be used to design
new band saw machines, as well as to study the influence of various dynamic processes on the operation of machines in
operating mode.
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1. Introduction

The band saw machines are a certain class of woodworking machines that are used in various technological processes
of the woodworking industry. According to the diameters of the leading wheels and the width of the band saw blade,
the band saw machines are divided into different groups. Of particular interest are the big band saw machines. These
machines are used for sawing logs with very large diameters. As a result, very big loads occur during operation [1-3].
These loads cause large deformations in the main links of the machines.

The main purpose of this investigation is to study the influence of static and dynamic loads on the upper shaft of big
band saw machines when the leading wheel is mounted at the end of the shaft.

To achieve this purpose, the following main tasks must be solved:

e investigation of upper shaft deformations as a result of static loads;

e investigation of the transverse vibrations and deformations of the upper shaft as a result of dynamic loads;

e construction of plane and spatial diagrams showing the change of the deformations of the upper shaft when
changing different parameters.

2. Expose

In this part, the scheme of the cutting mechanism and the corresponding dynamic model are presented. They are used
in order to solve the problems posed.
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2.1. Scheme of the cutting mechanism

The scheme of the cutting mechanisms is shown in Fig.1 [4,5]. 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.

Figure 1 Cutting mechanism

2.2. Dynamic model

The upper leading wheel can be mounted on the shaft in two ways. The dynamic model showing the first way in which
the leading wheel is mounted at the end of the shaft is shown in Fig. 2.

Figure 2 Dynamic model

The following coordinate systems are used to obtain expressions for calculating the full dynamic reactions [6]:

. O4xyz - fixed coordinate system;
o O4X1ylZ1 - moving coordinate system;

. C4X' y' Z'- coordinate system, whose axes are parallel to the axes of the moving coordinate system;
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. C4f 1)< - coordinate system, whose axes are principal axes of inertia.

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

the angle between the axes ¢ and Z.

2.3. Static and dynamic loads on the upper shaft

The static and dynamic loads, as well as the full dynamic reactions have been determined by the author in his previous
research [6]. They can be calculated from expressions (1).

K, =K*+K/, Ky:Kjt+K;’,
st d st d
L =L +L5, L, =L +LS.

3. Deformations of the upper shaft as a result of static loads

We consider the static loads of the upper shaft in two mutually perpendicular planes, 04 YZ and 04 XZ. These loads are
shown in Fig. 3.

Figure 3 Static loads of the upper shaft

The static loads can be calculated from the following dependencies.

e H st
Mg, = m,gesine, Mg, =3 Y

mK ,,,.bHu
1 {—W) n RZJ r, cosa,

G:=m,g, FS=15N_/V,

where M, and I, are the mass and the radius of the leading wheel 4 and { is the acceleration of gravity. KA(/l) is the
specific work of the cutting [6-8]. R2 is the total resistance force. H is the thickness of the workpiece, U is the feeding

speed, D is the width of the cutter, M is a coefficient (0 < M<1). NC is the cutting power and V isthe cutting speed.

The linear deviation (eccentricity) € and angular deviation & are shown in Fig.2 as € = O4C4 and ¢ is the angle

between the axes ¢ and Z. Static reactions are written below.
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st
K =—

2b, Vv 2b, Vv

K =-"42(a, +b, +esina) _3Ne(@; +5;) L5 =49 (a, +esina) + SN.a,
b, b,V b, b,V

r, (mKW)bHu

+R ]COSO{ Lt = s (mKA”)bHu
z ! X

+ szcow,

3.1. Static deformations in a vertical plane

To determine the static deformations, the following algorithm is used:

e Obtaining equations of the bending moments for each part of the shaft;
e Compilation of the differential equations of elastic lines;
e Obtaining expressions for determining the static deformations in a vertical plane for each part of the shaft.

The static loading in the vertical plane 04 YZ is shown in Fig. 4.

Figure 4 Static loads of the upper shaft in a vertical plane 04 Yz
We apply the algorithm described above for this case of mounting the wheel.

. PartO4K OSZSaZ
MP*(2) =—(G] +2F;)z - M¢,,,

EJ,y =(G; +2F))z+ My, 4)
Eny: (G4 +62F4 ) 234 MSM 72 4 K12+ I—1v

where E is the modulus of elasticity, J « is the axial moment of inertia.

o Part KL a,<z<a,+b,
M (2) =—(G; + 2F; + K}z — Mg, + K}'a,,

El,y =(G; +2F; +K)z+M¢,, -K)a,, (5)
G +2FF + K* M:, —K%a
E\]Xy:( 4 64 y)23+( G4x y 2) 22+KZZ+L2.
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The constants of integration Ki ; Li (| =1 2) are determined by the boundary conditions. From these conditions, we

obtain the following non-homogeneous algebraic system.

(G; +2F)) 2 + M

e
;“ a’+Ka,+L, =0,

6
e . . . o N (6)
(G, +2F, +Ky)ag+(MG4x_Ky 3) al+K,a, +L, =0,
6
e e G +2F  +KY
Ma§+Mé4xag+Kl=( : 24 y)azZJF(M&X—K;taz)aZJFKZ’

(G; +2F; +K})
6

M, —KMa,)

(a2+b2)3+( G4x 2 y 2

(a, +b,)* +K,(a, +b,) + L, =0.

From the solution of this system, we get expressions for calculating the constants of integration in the final form.

o __[Bafa,+b,)+b2)Gr + 2R + K (28, +b, )M, —Kja, )+ K}'a]

! 6 2 ’
L1=a2[3a2(a2+b2)+b§KGj+2Ff+Kj‘)+az(a2+b2)(M§4x—Kj‘a2) ag’(Gj+2Ff)
6 2 6

< [Ba,(a, +b,)+b2]GS +2F; +KS) (23, +b, M, —K 'a,)

2 = - ’

6 . L 2 . R )

%, +b,)2a, +b,)G: + 2F; +K? )+a2(a2+b2)(MG4x—Kya2)

2 6 2

3.2. Static deformations in a horizontal plane

To determine the static deformations of the upper shaft in the horizontal plane O4XZ , we use Fig.5. The static load in

this plane is shown in the same figure. In this case, the horizontal plane is rotated about the axis of rotation of an angle
wl2.

A
* a, ~ b, N
My | MO (2) M (z2)
P N W D . WY IR
_/ A >
£ 4 K e
Z -
.}) Z

Figure 5 Static loads of the upper shaft in a horizontal plane O4XZ

In this case, we apply the algorithm described above.
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3.2.1. Expressions for determining the static deformations in the horizontal plane O4XZ :
o part O,K 0<z<a,
MP*(2) = M2,
EJ,X =M3,,
st

EJyx=%z2+K3z+L3.

where J y is the axial moment of inertia.

e Part KL a2£z£a2+b2
M (2) = Kz + (M3, —Ki'a,)
EJ x =K}'z+ (M ray — K8, ) .................... 9)

K M2, —Kla
EJyX — Z3 +( R4y 2)
6 2

2’ +K,z+L,.

3.2.2. Non-homogeneous algebraic system:

st
%ag +K,a, + L, =0,

Kst 3 (M I;tzly - KitaZ)

6Xa2+ a’+K,a,+L, =0,
st
M§t4ya2 +K, = K2X a22 + (M;‘4y - Kj‘az)a2 +K,,
st M st _ Ksta
6X (a2+b2)3+( RTy X 2)(a2+b2)2+K4(a2+b2)+L4 =0.

3.2.3. Expressions for calculating the constants of integration Kj ) LJ- (J =3, 4) in final form:

< :—3(2a2+b2)M§J4y—b22Kjt L 3a,(a, +b, M3, +a,bZK:

R4y
3

6 ) 3 6 y R G )|

(32 -bZ)K: -3(2a, +b, M, )
= ) 4

6 6

~ a,(b2 —aZ K +3a,(a, +b, M3

R4y

4

4. Deformations of the upper shaft as a result of dynamic loads

Dynamic deformations are caused by the loads that occur as a result of the inaccuracies with which the leading wheel is

: : : - : G RN N
made. To determine these deformations, we use Fig. 6. This figure shows the dynamic reactions R\, I\, Ly s Ly as

d d
well as the centrifugal forces D,, and q)4y and the dynamic moments M « and M y that occur in the operating

mode.
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Figure 6 Dynamic loads of the upper shaft
The dynamic reactions can be written in the following form:
d d ;
Ky = KypCosat, Ky =K, sinat,

Ly = Lyy COSat, L =L, sinat,
where the amplitudes K, and me are calculated from the following dependencies:

1 [mKM)bHu

o’ . 1 .
"= y +R2Je005a—b (az+b2+esma)m4e005a—5(\]§—Jg)sm2a ,

2

1 [mKW)bHu
L, _

a)z{ ) 1 ) J
=— +R, lecosa +—/|(a, +esina)m,ecosa——(J. —J, )sin2« |,
m 2b2 V ZJ b (2 ) 4 2( & §)

2 eeereenenen(13)

where \]5 and J; are the mass moments of inertia of the leading wheel. The components of the centrifugal force

q)4x and (I)4y can be calculated from the following dependencies:

2 2 .
®,, =m,w’ecosacosat, P, =m,w’ecosasingt. ... (14)

d d
The components of the dynamic moment M x and M y areshown inFig. 6. These moments can be calculated from the

dependencies (15).
M{ =M, sinat, My =M, cosat, ... (15)

where

mK,,,bHu
M :EK%+ szecow —a)z(Jg -J. - m4e2)sin2a}.
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4.1. Dynamic deformations in a vertical plane

In this part of the article, the dynamic deformations of the upper shaft in the vertical plane 04 YZ are investigated. To

solve this problem, we consider the shaft as a system having distributed mass. The inertial force (D4y and the moment

d
M « 1 written in expressions (14) and (15), act in this plane.

The differential equation of the transverse vibrations in this plane is written below [9].

EJ 84y azy O
Amp az atZ .......................

where E is the modulus of elasticity, J = JX =J y is the axial moment of inertia, Ams is the cross-sectional area of

the shaft, O is the density of the material.

The solution of the differential equation (16) has the following form:

V.(z,t) =Z,. (2)sinat, (1=12), (17)

where ZZi (Z) is a function that depends on the z coordinate.
Z,,(2)=K, cosamyz+L;sinm,z+M,cha,z + N;shayz, (i =12)...... (18)

In this expression @, is a parameter (a)(;1 = AnS,DCOZ/EJ) [9,5]. K,E, I\Wil Ni, (l =1,2) are constants of

integration. They are determined by the boundary conditions for each part of shaft.
. Part O,K 0<z<a,
Il. Part KL a,<z<a,+b,
In this case, we use four boundary conditions for each part of the shaft, so the boundary conditions for two parts will be
eight in number. From these boundary conditions, we calculate the constants of integration. They are also eight in

number, i.e., we obtain a non-homogeneous algebraic system with eight equations and eight unknown quantities. This
algebraic system is written below.

. _  m,w’ecosa
Nl_ |_1 :AtET, ...................... (20)
0
M — K — I\/Ibm
N =N POt

K, cosmya, + L sinm,a, + M,cha,a, + N;sha,a, =0,

~ K, sinw,a, + L, cosw,a, + M;shw,a, + N,chw,a, +
K, sinw,a, — L, cosw,a, — M ,sha,a, — N,chw,a, =0,
—K;sinwya, + L, coswya, — M,sha,a, — N,cha,a, +
Nl 3
K,sinw,a, — L, cosm,a, + M,shw,a, + N,chw,a, = K, /Ela},
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K, cosmya, + L, sinmya, + M,cha,a, + N,shaya, =0,

K, cosaw,(a, +b,) + L,sina,(a, +b,) + M,cha,(a, +b,) + Nsha,(a, +b,) =0,
—-K,sina,(a, +b,) + L, cosa,(a, +b,) — M,sha,(a, +b,) — N,chay,(a, +b,) =L,/ EJ.

This system is presented below in matrix-vector form.

where M is the basic matrix of the linear system. This matrix is obtained by the coefficients of the unknown variables
and it has the following form.

M-=...ouueen. (22)
[0 -1 0 1 0 0 0 0
-1 0 1 0 0 0 0 0
cosw,a, Sinw,a, chwya, shaw,a, 0 0 0 0
—-sinw,a, cosm,a, shw,a, cho,a, sinw,a, —C0S®,a, —shw,a, —-chw,a,
-sinm,a, cosw,a, —shw,a, —chm,a, sinm,a, —CO0Sm,a, shaw,a, chw,a,
0 0 0 0 COSw,a, sinw,a, chw,a, sha,a,
0 0 0 0 cosm,(a, +b,) sinaw,(a, +b,) chay(a, +b,) shay, (a, +b,)
L 0 0 0 0 —sinaw,(a, +b,) cosw,(a, +b,) -shaw,(a, +b,) —chw,(a, +b,) |

y is a column vector. This vector is formed from the unknown constants of integration.

y=[K, L M, N, K, L, M, NJ..... 23)

m is a column vector. It is formed from the free members of the system.

, T
_| M@ ecgsa Mbmz 0 K_bm3 0 0 me3 S (24)
Bl Elo) Elo, EJo

0

The solutions of the non-homogeneous algebraic system (21) can be written as follows:

K:i
] AM

AL Ay Ay
L=—= M=—2 No=—5 (i=12),
AM

where AM =detM is the determinant of the matrix M. This determinant is non-zero, because otherwise the
mechanical system will operate in resonance mode.

The other determinants in expressions (25) are determinants of the matrices formed by the matrix M, in which the
corresponding columns are replaced by the column vector m as follows:

AK (| =1 2) — the first or fifth column of the matrix M,

A

C (I =1, 2) — the second or sixth column of the matrix M,
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Am (i = l, 2) — the third or seventh column of the matrix M,
Ai (' = 1, 2) — the fourth or eighth column of the matrix M.
N;

For example, the determinant A K, is written in the following way:

AK1 e (26)
2
MOBLRT 0 1 0 0 0 0
Elay
M—"mz 0 1 0 0 0 0 0
Elw,
0 sinma, chwa, shaa, 0 0 0 0
0 cosmya, shaya, chaya, sinw,a, —COS@,a, -shaya, —-chaya,
K .
o C0Sm,a, —shma, —chawya, sinw,a, - C0S®,3, shw,a, chw,a,
Elw,
0 0 0 0 COSw,a, sinw,a, cha,a, shw,a,
0 0 cosmy(a, +h,) sinm,(a,+b,) chey(a, +b,)  shey(a, +h,)
L .
ﬁ 0 0 0 -sinwy(a, +h,) cosw,(a, +b,) —shae,(a,+b,) -chae,(a,+h,)
@y

We calculate the constants of integration K , EI ) Mi, NI ) (i =1,2) using the dependencies (25). These constants are
used to determine the functions ZZi (Z), (i =1 2) . The vertical displacements of the upper shaft are determined by

the expressions (17). These expressions describe the displacements Y; (Z ) t) . The functions Zzi (Z) take partin these
expressions.

4.2. Dynamic deformations in a horizontal plane

The inertial force ®,, and the moment MS , written in expressions (14) and (15), act in the horizontal plane OAXZ .

The differential equation of the transverse vibrations is written below [9]:

EJ 0*x . 0°X
A pozt ot

The symbols in this equation are explained in differential equation (16).

=01 (27)

The solution of the above equation for each part of the shaft is written below.

X (z,t) =Z;(z)cosat, (i1=L2), .. (28)
where Zli (Z) is a function that depends on the z coordinate.

Z,;(2)=K, cosm,z+L;sinm,z+ M cham,z+ N;shoyz, (j=i+2)........ (29)
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KJ- , EJ- , I\Wj, Nj, (] =i+ 2) are constants of integration that are determined by the boundary conditions for each

part of shaft. These parts are described above in (19). And in this case, we obtain a non-homogeneous algebraic system.
This algebraic system is written below.

— -  m,m’ecosa
N,—Ly = EJo?
Wy

K, cosw,a, + L, sinw,a, + M cha,a, + N,sha,a, =0,
—K,sinw,a, + L, cosm,a, + M,;shw,a, + N,chw,a, +
K,sinm,a, — L, cosm,a, — M ,shw,a, — N,chm,a, =0,
- K, sinw,a, + L, cosm,a, — M,shw,a, — N,chw,a, +
K,sinm,a, — L, cosw,a, + M, shew,a, + N,chw,a, = Elj¢

3
@y

K, cosw,a, + L, sinw,a, + M, cha,a, + N,sha,a, =0,
K,cosam,(a, +b,) + L,sing,(a, +b,) + M,che,(a, +b,) + N,shay,(a, +b,) =0,

me

- K,sinaw,(a, +b,) + L, cosm,(a, +b,) — M,sha,(a, +b,) — N,cha,(a, +b,) = SPE
Wy

This non-homogeneous algebraic system is identical to the system recorded in (20). We can write the following
equalities:

Ki=K;, K,=K, L=L, L=L, 31)
M3: 1 M4: 21 N3:N1’ N4:N2’

5. Numerical examples

The results of the carried out computer experiments are presented in Figs. 7+9. We use initial data, presented in
technical literature [8,10-12]:

5.1. Static deformations in vertical and horizontal planes

Figure 7 shows the deformations of the upper shaft in two mutually perpendicular planes. These deformations are
caused by the static load.
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O==z==0 35

' ' ' ' Br=ze=172
8 . ! . . 0.35<=z<=12

w[m]

x[m]

< Deformation of the upper shaft in a horizontal plane C“xz

Oe=z==025

L SRS A 0.35<=z<=1.2

Figure 7 Deformations of the upper shaft in vertical and horizontal planes

These diagrams are drawn using the theoretical expressions obtained in the theoretical part of the article. The equations
of the elastic lines are used. We can determine the type of elastic lines in both planes. Obviously they are continuous
lines. It can also be seen that the deformations in the two supports are zero, i.e. when zZ = 0.35[m] and z =1.2[m].
We can also determine the most endangered cross section of the upper shaft. In the present case, the most endangered
cross section is the initial cross section (Z = 0), as the static forces in this section are the largest.

5.2. Dynamic deformations in vertical and horizontal planes

Figure 8 shows the dynamic deformation of the upper shaft. We can see the deformations of the shaft in two different
sections: Z = O[m] , Z =0.779m]. These graphics are functions of the time t and they change by the harmonic law.
We can also determine the amplitudes of the vibrations for the two cross-sections. The greatest deviation is in the initial
section, where Z = 0. This section is the most dangerous cross-section.

Functions y{z.t) {i=1.2)

vz H(m]

=z, Hlm]

Functions x{z.t) {i=1.2)

Figure 8 Dynamic deformations of the upper shaft in the planes O4 yZ and O4XZ

Figure 9 shows the spatial deformations of the upper shaft.
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Defrmations ofthe upper shattin 3 wertical plans Oz Deformations of the upper s haft in a horizontal plane O4xz

T

[ WY N S

functiors wz.t)

functions >1(z.t)

coonfinate zjm] time t[s] coordinate z{m]

Figure 9 Upper shaft - deformations in a vertical and horizontal planes

These surfaces are built using the theoretical expressions obtained in this article. These expressions are the solutions
of the differential equations describing the transverse vibrations of the shaft.

The following conclusions can be made after analyzing the presented surfaces:

e All cross section performs harmonic movement.
e The deformations in the two supports are equal to zero.
e The most endangered cross-section is the initial section of the shaft

6. Conclusion

In this paper, the influence of static and dynamic loads on the cutting mechanisms of big band saw machines is analised.
For this purpose, dynamic model is built. Deformations of the upper shaft as a result of static loads are investigated.
Theoretical expressions for calculating the static deformations of the shaft are obtained. The transverse vibrations of
the upper shaft as a result of dynamic loads have been studied. Upper shaft deformations due to dynamic loads have
also been studied. Theoretical expressions for calculating the dynamic deformations of the shaft when the leading wheel
is mounted at the end of the shaft are obtained. Diagrams showing the type of elastic lines from static loading are built.
Plane and spatial diagrams are drawn, showing the change of the deformations of the upper shaft when changing
different parameters.

With the help of the obtained theoretical dependencies and diagrams different tasks can be solved by using known
expressions from the technical literature. Some of the most important tasks are strength and deformation check of the

shaft reduction of the shaft deformations, vibration control, achievement of minimum overall dimensions of the
machines, etc.
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