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Abstract. In this study, deformation checks on upper shaft of
big band saw machines have been made. For this purpose, the
maximum deflections in the most endangered cross sections of the
shaft are calculated. The biggest values are compared with the ad-
missible values for the respective material. The normal operation
of the big band saw machines is guaranteed if the actual values of
the deflections are equal or less than the admissible values. The
proposed solutions for the most endangered cross-section of the
upper shaft allow to carry out deformation checks in the design of
new band saw machines.
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1. INTRODUCTION

Big band saw machines form a specific class of woodworking machines.
They are used for sawing different types of wooden material. In order to saw
logs, prisms and more, leading wheels with big diameters need to be used.
Large static and dynamic loads arise in operating mode. These loads cause
large deformations in the upper shaft as a result of which the shaft can be
destroyed and the band saw machine to stop working. In this work, to avoid
this unfavorable case, an algorithm for carrying out deformation checks of
the most endangered cross sections is suggested. For this reason, expressions
describing the full deflections of the upper shaft can be obtained. These ex-
pressions render an account the static and dynamic deformations of the shaft
in two mutually perpendicular planes. Dependencies for their calculation were
obtained by the author in previous articles and book [1, 2, 3]. The next step
is to calculate the actual values of the deflections in the most endangered
cross sections. To perform a deformation check of the shaft, the maximum
value of the deflection must be determined. Last step is to perform the ac-
tual deformation check. In this case, the absolute or relative deflections in
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the most endangered cross sections of the upper shaft are used. These values
of the deflections must be compared with the admissible absolute or relative
deflections. Normal operation of the band saw machine is ensured if the real
deflections are smaller or equal to the limit values established in the technical
literature [4-8]. The proposed theory can be used to perform deformation
checks in basic links of other classes of woodworking machines to ensure their
reliable and safe work in the operating mode.

2. EXPOSE
2.1. Scheme of the cutting mechanism

The leading wheel of the big band saw machines can be mounted on the
upper shaft in two ways. These two cases are written as case (a) and case (b)
and are explained below:
case (a)— leading wheel is mounted at the end of the shaft,
case (b) — leading wheel is mounted between the two bearing supports.

The scheme of the cutting mechanism is shown in Fig. 1 [2, 3, 9]. In this
section, we obtain expressions for performing a deformation check on the upper
shaft when the leading wheel is mounted at the end of the shaft, i.e., case (a).

Fig. 1. Cutting mechanism
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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.

2.2. Dynamic model

Fig. 2. Dynamic model

The dynamic model is shown in Fig. 2. The following coordinate systems
are used: fixed coordinate system O4zxyz, and coordinate system Cy&n¢ whose
axes are principal axes of inertia. The linear and angular deviations e and «

are also shown in the figure as e = 04C4 and « is the angle between the axes
¢ and z.

2.3. Deformation checks-analytical solution

The upper shaft consists of two parts — O4K and K L. Deformation checks
can be performed analytically and numerically by using the following algorithm
[10]:

e expressions describing the static and dynamic deformations of the shaft in
two mutually perpendicular planes are used;

e the full deformations for the relevant axes are determined;

e the full deflection of the shaft for each part is calculated from known depen-
dencies;

e the endangered cross-section of the shaft is determined. This is the section
where the full deflection is the biggest. We denote this deflection with fiax;

e the calculated value of fiax is used for deformation check of the shaft.
This algorithm is applied to each part.
I. Part O4K 0 < z < as.
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We write the expressions for determining the static and dynamic deforma-
tions of the shaft in two mutually perpendicular planes, taking into account
the fact that the constants of integration in the expressions for dynamic de-
formations are equal for both planes.

1 GS + 2F¢ Mg x
[( 4t 4)23+ G4

st _ = 2
yO4K(Z)—EJ 6 9 4 +K12’—|—L1],

st

M
%22 + ng + L3

B 1
m()t4K(Z’) = T

’ (1)
yng}((z, t) = (K coswoz + Ly sinwgz + M7 chwoz + Ny shwpz) sinwt,
x?{}{(z, t) = (K3 coswpz + Lgsinwgz + M3 chwoz + N3 shwpz) cos wt.

The full deformations for the relevant axes are written below.
Youx5:(2:t) = y3,x(2) + ydlw (2, 1)
ro.xs(2,t) = 1,1 (2) + 25k (2, 1)

The full deflection of the shaft is calculated by the next dependence.

fo,k(z,t) = \/(yomz(z,t))Q + (zo,x5(2,1))*. (3)

We transform the expression (3) and obtain the dependence for the full
deflection of the upper shaft in the following form:

var O4 K + 2(K1 coswpz + Ly sinwgz + M; chwpz

/o) 27‘[/' = _
f 4K( ) +N1 Shwoz)[yg4K(Z) Slnwt+x80t4K(z) Coswt]

where

var O4K = (Y&, x(2))* + (23, x (2))?
+ (K1 coswoz + L sinwpz + My chwoz + Ny shwpz).

II. Part KL as < z < ag + bo.
We apply the algorithm written above for part O4K static and dynamic
deformations of the upper shaft in two mutually perpendicular planes
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1 Ge + 2Fe + Kst Meé _ Ksta
y%L(z) = —EJ ( 4 64 L )2’3 ( Gaz B Y 2)2’2 + KQZ—I- LQ s
1 Kst (Mst _ Ksta2)
riL(z) = £ Gx 2 e 5 ———2"+ K4Z + Ly | , (5)

y?(yg(z, t) = (Ka coswoz + Lasinwgz + M chwoz + Na shwpz) sin wt,

x?gZ(z, t) = (K4 coswoz + Lysinwgz + My chwoz + Nyshwpz) cos wt.
full deformation of the upper shaft for the relevant axes;
yrrs(z,t) =y (2) + yii (2,1)

rrrs(z,t) = 23t (2) + 28 (2,1)

full deflection of the upper shaft for part K L;

frr(z,t) = V(ykrs(2,1)2 + (zxrs(z, 1)) (7)

This expression is transformed into the following form to obtain the depen-
dence for calculating the full deflection of the upper shaft.

var KL + 2(K coswoz + Lo sinwpz + Ma chwgz
fKL(Z7t) =

, (8

+ Ny shwoz).[yst; () sinwt 4+ x5 (2) cos wt]
where

var KL = (yj,(2))° + (2% (2))?
+ (Ka coswoz + Lo sinwgz + My chwoz + Ny shwpz).

The following symbols are used in the above expressions:
Constants of integration Kj;, L;, (i = 1,2) can be calculated from next
expressions:
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[3a + 2(ag + bo) + b3)(GS + 2Ff + K;")

Ky =—

6
(2(12 + bg)(Mé4w — K;tag) + K;ta%
2 )
. as[3az(az + ba) + b3](G§ + 2F§ + K
1 pu—
6
n az(az + bo) (M§,, — Kj'az)  a3(G§ + 2FF)
2 2 6 )
X [3a + 2(az + ba) + b5)(G + 2Ff + K;')
2= -
6
B (20,2 + bg)(Mg4x — K;tag)
2 M
I ag(ag + bg)(2a2 + bQ)(GZ + 2Ff + K;t)
1 p—
6
az(ag + ba) (Mg, — K;lag)
+ 5 .

Constants of integration K, L;, (j = 3,4) can be calculated from expres-
sions (10):
—3(2(12 + bQ)Mf—iy — b%K;t

KS = 6 )
Ly = 3&2(&2 + bQ)MIS%iy + agb%th
2 2 t6 t (10)
(303 — W)KZ — 3(2a + b)) M,
4 = )

6

L az(b3 + a3) K5t + 3ag(as + ba) M},
6 .

Gy, Fy, Mg,, and Mfiy are static forces and moments. They can be
calculated from the dependences (11) written below.
st - 1 <mKA()\)bHu

e _ .
M¢g,, = mygesina,

Riy = 5 % + Rg) 74 COS O,

(11)
G =myg, F{=15N./V,

where m+4 and r4 are the mass and the radius of the leading wheel 4 and g is
the acceleration of gravity. Ry is the total resistance force. H is the thickness
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of the workpiece or sawing height, v is the feeding speed, b is the width of the
cutter. m is a coefficient (0 < m < 1). N is the cutting power and V is the
cutting speed. K (y) is the specific work of the cutting [11].

apps o H

a anH
UZA b buy b

(12)

The symbol ap(y) is the friction intensity of the shavings on the sawing
walls, as aa is used for swage-set teeth and ) is used for part-set teeth
(ay = 1.250A). a, is a coefficient of the blunt teeth, (1.4 < a, < 2.8). s is the
thickness of the band saw blades. k is the fictitious pressure on the front side
of the teeth and p is the fictitious specific force on the back side of the teeth.
The feeding of one tooth is marked with u,a, u,).

K and K;t are static reactions. They are caused by static forces and
moments and can be calculated from expressions (13).

KaonbH
K5t = _ T (EAC)PHY + Ry | cosa,
2by \%4 (13)
N, b
Kt = —mb—ig(ag + by + esina) — 3(;22‘;_2).

K, Li, M;, N;, (i = 1,2) are constants of integration. They are determined
by the boundary conditions for each part of upper shaft and can be calculated
from expressions below.
_ Ap - Ap ANy Ay
Ki: KzaLi: LZ7M’Z: MZ7N’L': NZ;
Ay Ay A AN
where Ay = det M is the determinant of the matrix M. This determinant is
non-zero, because otherwise the mechanical system will operate in resonance
mode and it has the following form:

(1=1,2), (14)

M = (15)
0 -1 0 1 0 0 0 0
-1 0 1 0 0 0 0 0
coswpaz  sinwpaz  chwoas shwpasg 0 0 0 0
—sinwpas coswpaz  shwoas chwpasg sinwgasg — COoS wpaz —shwoas — chwoaz
—sinwpay coswpas —shwpas — chwpas sin wpas — coswpas sh wpas chwpas
0 0 0 0 COoS woag sinwgasg chwopas shwoas
0 0 0 0 coswo(ag +ba)  sinwp(az +b2)  chwo(az + be) shwo(az + be)
0 0 0 0 —sinwp(az + b2) coswp(az +ba) —shwo(az +b2) —chwo(ag + ba)

The other determinants in expressions (14) are determinants of the matrices
formed by the matrix M, in which the corresponding columns are replaced by
the column-vector m as follows:
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Il B\

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

. (i=1,2) — the second or sixth column of the matrix M,
i1, (i =1,2) — the third or seventh column of the matrix M,

ANi (i = 1,2) — the fourth or eighth column of the matrix M.

The column-vector m has the following form:

[m4w26 cosa My, Ky Ly,

0 0
EJwg’ EJw% EJwS‘ EJwS’

]T, (16)

where Ky, Ly and My, are calculated from the following dependencies:

1 /mKabHu
Ky, = —% (A‘(}\) + Rg) ecos o
w? 1
— [(ag + by + esin a)mye cos o — 5 (Je — J¢)sin 204] ,
2
1 /mKabHu
Ly, = %, (A(‘}\) + R2> €cos o (17)
w? . 1 :
—l—bf (az + esina)mye cos a — 5 (Je — J¢)sin 2
2
1 [/mKanbHu
My, = 3 [(A(‘;‘)—I—Rg) e cos a—w? (Jg —Je— m4e2) sin 204] .

J¢ and J; are the mass moments of inertia of the leading wheel. wy is pa-
rameter, (wy = Amspw?®/EJ), [12, 13]. In this expression E is the modulus of
elasticity, J = J, = Jy is the axial moment of inertia, A, is the cross-sectional
area of the shaft, p is the density of the material.

Kj, Lj, M;, N;, (j = 3,4) are constants of integration. In this case, the
equahty between the constants, which is written in expressions (18), must be
taken into account.

Ks=Ki, Ky=Ks, L3=1Ly, Ly= Lo,

M3:M17 M4:M2, Ng—Nl, N4—N2) (18)

where K;, L;, M;, N; (i = 1,2) are constants of integration in vertical plane
Oys.

2.4. Deformation checks — numerical solution

The theoretical expressions obtained above are used for numerical solution
of the assigned problems. The spatial deformations of the whole shaft can
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be obtained by concatenating the expressions describing the full deflections of
the shaft for parts O4K and K L. The following initial data are used [9, 11,
14-18]:

w =56 [s7'], wo = 0.6971 [1/ m], e = 0.001 [m], a = 0.01744 [rad], az = 0.4
[m], by = 0.8 [m], g = 9.81 [m/s%], my = 810 [kg], Je = 171 [kgm?], J- = 336
kgm?], J, = J, = J = 321.8e—008 [m?], A5 = 63.585e—004 [m?], N, = 43.4
kW], V' =45 [m/s], u = 0.5 [m/s], 74 = 0.8 [m], s = 1.47 [mm], b = 2.5 [mm],
p = 9220 [N/m], k = 35 x 10° [Pa], ay = 245 x 10® [Pa], aa = 196 x 10® [Pa],
m = 0.5, H = 0.42 [m], u = 0.5 [m/s], uzan = 2.5 [mm], Ka = 80 x 10° [J/m?],
Ry = 2400 [N], p = 7850 [kg/m?], F{ = 1450 [N], Ry = 2400 [N], P, = 2850
[N], G = 7946 [N], E = 2.06 e + 011 [Pa].

¥ 107 Spatial deformations of the upper shaft

3517

3
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2

1.5

--------

deformation values

05 e 1 1.5
0.5

time t[s] coordinate z[m]
Fig. 3. Spatial deformations of the upper shaft

We apply the algorithm for numerical determination of the maximum de-
flection of the shaft. This algorithm is presented in section 2.3. Obviously, the
most endangered cross-section is situated in the beginning of the shaft, where
z = 0. We denote fo,x(0,t) = maxfo,x- That is why, the expression (4) can
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be written as follows.

fO4K(07 t) = maxfO4K

= \/(L%+L§)/(EJ)2+(K1+M1)2—|—2(K1—|—M1)(L1 sinwt+L3 COSCdt)/(EJ).
(19)

The maximum value of the upper expression must be determined. This can
be performed in different ways, which are presented below.

a) calculation of the maximum values of the function in the area of local
maximum;

We can proceed in the following way:

Time domain where the function fo,x(0,¢) has a local maximum must be
determined. For this purpose, the diagram of the function is shown in Fig. 4.
From this figure, we can assume that the first local maximum appears in the
interval

y 10,3 Function fo4K(0' t)

NOA A A A A A

Nimimia i

24

22}

0D

1.8 .

U

0 01 02 03 04 05 06 07 08 09
t[s]

1.4

Fig. 4. Diagram of the function fo,x(0,?)

The function values are calculated in the defined interval. The resulting
data are represented as a matrix. The maximum deflection of the shaft is
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selected from the matrix below. Precise calculations show the exact value of
the maximum deflection max fo,x = 0.00310849 637733 [m]. This value is used
to perform the deformation check of the upper shaft but it is not necessary for
practical calculations. For this reason, we can assume max fo,x = 0.00310849
[m].

[ Columns 1 through 5 1
0.00212497 0.00217236 0.00221952 0.00226632 0.00231265
Columns 6 through 10

0.00235838 0.00240342 0.00244767 0.00249103 0.00253341

f041<

Columns 31 through 35
0.00309076  0.00309808 0.00310348 0.00310695 0.00310849

Columns 91 through 95
0.00141307 0.00141350 0.00141818 0.00142705 0.00143999
Columns 96 through 100
0.00145687 0.00147749 0.00150164 0.00152908 0.00155954 |

b) second way: use of optimization procedures for finding the maximum of the
function.

We use the optimization procedure fminbnd [19, 20]. This procedure calcu-
lates minimum of a function that depends on one argument. That is why the
expression (19) must be examined with a negative sign. The obtained value
for maxfo,x must be chosen with a positive sign. It is necessary to determine
the boundaries in which the time changes, i.e. t; = 0.1 [s], t2 = 0.2 [s].

function F=defl(x)

[x,fval exitflag,output|=fminbnd(@def2,0.1,0.2,optimset ("TolX’,1.e-12))

t = 0.13429722095161 [s], maxfo,x = 0.00310858179145 [m]

exitflag =1

output =

algorithm: ’golden section search, parabolic interpolation’

The argument “output” contains records of the results from the optimiza-
tion. The most important record shows the algorithm for finding the maximum
of the function.
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It is obvious that the calculated result for paxfo,x is the same as this
one in the first way to find the maximum of the function. This deflection is
the biggest deflection. It is denoted by Fi.x and can be used to perform a
deformation check of the upper shaft. In this case, the following expressions
are used [4, 5, 6]:

fmax < [f]? fmax/lb < [f/lb]a (20)

where [f] is the admissible deflection and [f /3] is the admissible relative de-
flection. The values of this deflection are taken from technical literature. We
can choose the most appropriate value for each particular case, i.e.,[f/lp] = ayp.
The admissible deflection can be calculated in the following way: [f] = aplp.
The distance lpaccepts different values for the different parts: for part O4K,
lp, = a9, for part KL, I, = by. The deformation conditions are satisfied if
the maximum deflection fijax or the maximum relative deflection fiax/lp are
smaller or equal to the respective admissible deflections. The final expressions
are shown below.

frnax < ablba fmax/lb < ap. (21)

3. CONCLUSION

In this study, an algorithm for performing deformation checks in upper
shaft of big band saw machines is proposed. The article consists of two main
parts. The first part is entitled “Deformation checks-analytical solution”. In
this part, theoretical expressions by which shaft deflections can be calculated
in all parts (parts O4K and KL) are obtained. For this purpose, analytical
expressions, which describe the deformations of the upper shaft of the big
band saw machines in two mutually perpendicular planes are used.

The second part is entitled “Deformation checks-numerical solution”. In
this part, two main ways of determining the most endangered section are
considered. Each a way possesses its advantages and disadvantages. These
ways require relevant calculations to be performed, as well as diagrams and
surfaces to be drawn and optimization procedures to be included. For this
purpose, the computer programs need to be created. These programs allow
solving various optimization problems taking into account various parameters.
The purpose of these solutions is the spatial deformations of the transmissions
to have minimum values.

In conclusion we can say that this study can be applied for deformation
checks in the transmissions of other classes of woodworking machines. The
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developed theory can be used in the design process of new woodworking ma-
chines. These machines must be characterized by high reliability and safety
in operating mode.
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