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ABSTRACT: In this paper, the losses of kinetic energy in big band saw ma-
chines are examined. Expressions have been obtained to calculate the kinetic
energy of the mechanical system in the ideal and the real case. With the help
of these expressions, the final dependencies for determining the energy losses
for the studied class of machines were obtained. These dependences show the
influence of linear and angular inaccuracies, i.e. of the parameters e and α.
A number of optimization solutions have been proposed that allow the values
of both parameters to be calculated so that energy losses are minimal. The
proposed approach can be used in the design of other classes of woodworking
machines, as well as in the study of energy losses for this class of machines.

KEY WORDS: woodworking machines, kinetic energy losses, optimization
solutions.

1 INTRODUCTION

Band saw machines with big diameters of the leading wheels are used in woodwork-
ing industry for sawing various workpieces. These wheels are produced with corre-
sponding linear and angular inaccuracies as a result of their big dimensions. In this
case, the losses of kinetic energy of the band saw machines are very large in operating
mode.

Scientific studies related to energy efficiency of different classes of woodworking
machinery are published in the technical literature [1–5].

The purpose of the work presented in this paper is the determination of the kinetic
energy losses of the band saw machines as a result of these inaccuracies. In order
to fulfill this goal, it is necessary to determine the kinetic energy of the mechanical
system for the two basic cases:

• determining the kinetic energy of the mechanical system without linear and
angular inaccuracies of the leading wheels;
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• determining the kinetic energy of the mechanical system with linear and angu-
lar inaccuracies of the leading wheels.

With the help of these expressions we can get an expression to calculate the kinetic
energy loss of the mechanical system in the real case. This expression allows to be
analyzed the real state of the concrete machine and to be given some recommenda-
tions for the parameters variation of the woodworking machines, so that the kinetic
energy losses to be minimum in operating mode.

Another purpose of the work presented in this paper is the optimization of the ki-
netic energy losses of the mechanical system caused by the corresponding linear and
angular inaccuracies. In this case, we can use appropriate optimization procedures.
These procedures determine the optimal values of the system parameters, so that the
losses of kinetic and, respectively, electrical energy have a minimum value. In this
way, it can be guaranteed that woodworking machines will operate with minimal
energy losses.

2 EXPOSE

In this study, the scheme of the cutting mechanism of the band saw machine is used.
The dynamic models in the absence and presence of linear and angular inaccuracies
are also proposed. They are used to fulfill the purposes of the study, as well as to
solve the recorded tasks.

Fig. 1. Cutting mechanism. 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.
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2.1 SCHEME OF THE CUTTING MECHANISM

The leading wheel can be mounted on the upper shaft in two ways, which are de-
scribed in other literary sources [6–9]. We consider the case, where the leading wheel
is mounted between the two bearing supports.

The scheme of the cutting mechanism is shown in Fig. 1.

2.2 KINETIC ENERGY OF THE MECHANICAL SYSTEM WITHOUT LINEAR AND

ANGULAR INACCURACIES – IDEAL CASE

We use the dynamic models of the leading wheels mounted on the upper shaft and
on the main shaft of the band saw machine. These models are shown in Figs. 2(a)
and 2(b). The following fixed coordinate systems are used: coordinate systemO4xyz
and coordinate system O3xyz. In this case, the x axis points towards us. The shafts
rotate at a constant angular velocity ω.

(a) (b)

Fig. 2. Dynamic models in the absence of linear and angular inaccuracies.

2.2.1 KINETIC ENERGY OF THE MECHANICAL SYSTEM SHOWN IN FIG. 2(a) –
IDEAL CASE

The kinetic energy of the mechanical system can be calculated from the following
dependence [10–12]:

(1) Tpb =
1

2
Jpbω

2 ,

where Jpb is the mass moments of inertia of the mechanical system with respect to
the axis of rotation,

(2) Jpb = J4b + J6b ,



76 Reducing Energy Losses in Some Classes of Woodworking Machines ...

where J4b and J6b are the mass moments of inertia of the leading wheel 4 and of the
upper shaft 6 relative to the z axis.

2.2.2 KINETIC ENERGY OF THE MECHANICAL SYSTEM SHOWN IN FIG. 2(b) –
IDEAL CASE

The kinetic energy in this case can be calculated by the following expression.

(3) Tp =
1

2
Jpω

2 ,

where Jp is the mass moment of inertia of the system with respect to the axis of
rotation, i.e. toward the axis z. We can calculate it from the following expression:

(4) Jp = J2 + J3 + J5 + J1 .

In the above expression, J2 and J5 are the mass moments of inertia of the belt
pulleys 2 and 5, J3 is the mass moment of inertia of the leading wheel 3 and J1 is
the mass moment of inertia of the main shaft with respect to the axis of rotation. The
angular velocity of the mechanical system toward the same axis is ω.

2.3 KINETIC ENERGY OF THE MECHANICAL SYSTEM IN THE PRESENCE OF LIN-
EAR AND ANGULAR INACCURACIES – REAL CASE

In this case, we use the dynamic models shown in Fig. 3. The leading wheels 3
and 4 are made with the corresponding geometric and angular inaccuracies. These
inaccuracies are shown in the same figures and are denoted as geometric deviation
e = OjCj , (j = 3, 4), where Cj are the centres of mass of the discs 3 and 4 and
angular deviation α.

2.3.1 KINETIC ENERGY OF THE MECHANICAL SYSTEM SHOWN IN FIG. 3(a) –
REAL CASE

The dynamic model shown in Fig. 3(a) includes the upper leading wheel 4 and the
upper shaft 6. We use the expression for calculating the kinetic energy of the me-
chanical system in its final form. This expression was obtained by the author in his
previous work [8]

(5) Trb =
1

2

(
Jrb +m4Z

2
41

)
ω2 ,

where Jrb is the mass moment of inertia of the mechanical system and can be calcu-
lated from the following expression:

(6) Jrb = J ′
4b + J6b .
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(a) (b)

Fig. 3. Dynamic models in the presence of linear and angular inaccuracies.

In the above expression, J ′
4b is the mass moment of inertia of the leading wheel

relative to the axis of rotation. This moment can be calculated from a known formula
in the technical literature [10]

(7) J ′
4b = Jζ cos2 α+ Jξ sin2 α+m4e

2 cos2 α ,

where Jζ and Jξ are the mass moments of inertia of the leading wheel with respect
to the principal axes of inertia ζ and ξ, m4 is the mass of leading wheel 4.

The function Z41 is calculated from the expression (8)

(8) Z41 = S1 cosω0a3 + T 1 sinω0a3 + V 1chω0a3 +W 1 sinhω0a3 .

In the expressions (8) ω0 is parameter, (ω4
0 = Amsρω

2/EJ) [13, 14], where E
is the modulus of elasticity, J = Jx = Jy is the axial moment of inertia, Ams is the
cross-sectional area of the shaft, ρ is the density of the material. S1, T 1, V 1, W 1 are
the constants of integration. They can be calculated from dependencies (9)

(9) S1 =
∆S1

∆P
, T 1 =

∆T 1

∆P
, V 1 =

∆V 1

∆P
, W 1 =

∆W 1

∆P
,

where ∆P = detP is the determinant of the matrix P. This determinant is non-zero,
because otherwise the mechanical system will operate in resonance mode

(10) P =
1 0 1 0 0 0 0 0
0 −1 0 1 0 0 0 0
−1 0 1 0 0 0 0 0

cosω0a3 sinω0a3 coshω0a3 sinhω0a3 − cosω0a3 − sinω0a3 − coshω0a3 − sinhω0a3
− sinω0a3 cosω0a3 sinhω0a3 coshω0a3 sinω0a3 − cosω0a3 − sinhω0a3 − coshω0a3

0 0 0 0 cos 2ω0a3 sin 2ω0a3 cosh 2ω0a3 sinh 2ω0a3
0 0 0 0 − cos 2ω0a3 − sin 2ω0a3 cosh 2ω0a3 sinh 2ω0a3
0 0 0 0 − sin 2ω0a3 cos 2ω0a3 − sinh 2ω0a3 − cosh 2ω0a3


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The determinants ∆S1
,∆T 1

,∆V 1
and∆W 1

are determinants of the matrices formed
by the matrix P, in which the corresponding columns are replaced by the column vec-
tor p as follows:

∆S1
− the first column of the matrix P,

∆T 1
− the second column of the matrixP,

∆V 1
− the third column of the matrix P,

∆W 1
− the fourth column of the matrix P.

(11)

The column vector p has the following form:

(12) p =

[
0

Sbm
EJω3

0

0 0 0 0 0
Tbm
EJω3

0

]T
.

For example, the determinant ∆S1
is written in the following way:

(13) ∆S1
=∣∣∣∣∣∣∣∣∣∣

0 0 1 0 0 0 0 0
Sbm
EJω3

0

−1 0 1 0 0 0 0

0 0 1 0 0 0 0 0
0 sinω0a3 coshω0a3 sinhω0a3 − cosω0a3 − sinω0a3 − coshω0a3 − sinhω0a3
0 cosω0a3 sinhω0a3 coshω0a3 sinω0a3 − cosω0a3 − sinhω0a3 − coshω0a3
0 0 0 0 cos 2ω0a3 sin 2ω0a3 cosh 2ω0a3 sinh 2ω0a3
0 0 0 0 − cos 2ω0a3 − sin 2ω0a3 cosh 2ω0a3 sinh 2ω0a3

Tbm
EJω3

0

0 0 0 − sin 2ω0a3 cos 2ω0a3 − sinh 2ω0a3 − cosh 2ω0a3

∣∣∣∣∣∣∣∣∣∣
The amplitudes Sbm and Tbm are calculated from the following dependencies:

Sbm = − 1

4a3

(mK∆(λ)bHu

V
+RΣ

)
e cosα

+
ω2

2

[ 1

a3
(Jξ − Jζ −m4e

2) sinα−m4e
]

cosα,

Tbm =
1

4a3

(mK∆(λ)bHu

V
+RΣ

)
e cosα

− ω2

2

[ 1

a3
(Jξ − Jζ −m4e

2) sinα+m4e
]

cosα.

(14)

In the above dependencies RΣis the total resistance force between the workpiece
and the band saw machine. H is the thickness of the workpiece, V is the cutting speed,
u is the feeding speed, b is the width of the cutter, m is a coefficient, 0 ≤ m ≤ 1.
K∆(λ) is the specific work of the cutting. It is determined from the expressions known
in technical literature [6, 15, 16].
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2.3.2 KINETIC ENERGY OF THE MECHANICAL SYSTEM SHOWN IN FIG. 3(b) –
REAL CASE

The dynamic model shown in Fig. 3(b) includes the lower leading wheel 3, the main
shaft 1 and the belt pulleys 2 and 5. In this case, we use the following expression to
calculate the kinetic energy of the mechanical system [8]

(15) Tr =
1

2

(
Jr +m3Z

2
21 +m5Z

2
22 +m2Z

2
23

)
ω2.

In this expression m3, m5 and m2 are the masses of the three disks. Jr is the mass
moment of inertia of the system in the presence of linear and angular inaccuracies,
i.e., in the real case. This moment can be calculated from the following expression:

(16) Jr = J2 + J
′
3 + J5 + J1 .

The mass moment of inertia of the leading wheel with respect to the axis of rota-
tion is denoted by J ′

3 and can be calculated using expression (17)

(17) J ′
3 = Jζ cos2 α+ Jξ sin2 α+m3e

2 cos2 α ,

where Jζ and Jξ are the mass moments of inertia of the leading wheel 3 with respect
to the principal axes of inertia ζ and ξ.

The functions Z2i, (i = 1÷3) are calculated from the dependencies written below

Z21 =
(
R1 + V 1

)
,

Z22 =
(
R2 cosω0z2 + S2 sinω0z2 + V 2chω0z2 +W 2shω0z2

)
,

Z23 =
(
R3 cosω0z3 + S3 sinω0z3 + V 3chω0z3 +W 3shω0z3

)
,

(18)

where the coordinates zi (i = 1÷3) have the following values: z1 = 0, z2 = a1 +b1,
z3 = a1 + b1 + c1 + d1 = l. Ri, Si, V i, W i are the constants of integration. They
can be calculated from the following dependencies:

(19) Ri =
∆Ri

∆B
, Si =

∆Si

∆B
, V i =

∆V i

∆B
, W i =

∆W i

∆B
, (i = 1, 2 3) ,

where ∆B = detB is the determinant of the matrix B, which has the following
form [8, 15]:
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(20) B =

columns 1 through 4
0 −1 0 1
−1 0 1 0

cosω0a1 sinω0a1 coshω0a1 sinhω0a1
− sinω0a1 cosω0a1 sinhω0a1 coshω0a1
− sinω0a1 cosω0a1 − sinhω0a1 − coshω0a1

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

columns 5 through 8
0 0 0 0
0 0 0 0
0 0 0 0

sinω0a1 − cosω0a1 − sinhω0a1 − coshω0a1
sinω0a1 − cosω0a1 sinhω0a1 coshω0a1
cosω0a1 sinω0a1 coshω0a1 sinhω0a1

cosω0(a1+b1+c1) sinω0(a1+b1+c1) coshω0(a1+b1+c1) sinhω0(a1+b1+c1)
− sinω0(a1+b1+c1) cosω0(a1+b1+c1) − sinhω0(a1+b1+c1) − coshω0(a1+b1+c1)
− sinω0(a1+b1+c1) cosω0(a1+b1+c1) sinhω0(a1+b1+c1) coshω0(a1+b1+c1)

0 0 0 0
0 0 0 0
0 0 0 0

columns 9 through 12
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

sinω0(a1+b1+c1) − cosω0(a1+b1+c1) sinhω0(a1+b1+c1) coshω0(a1+b1+c1)
sinω0(a1+b1+c1) − cosω0(a1+b1+c1) − sinhω0(a1+b1+c1) − coshω0(a1+b1+c1)
cosω0(a1+b1+c1) sinω0(a1+b1+c1) coshω0(a1+b1+c1) sinhω0(a1+b1+c1)

− cosω0(a1+b1+c1+d1) − sinω0(a1+b1+c1+d1) coshω0(a1+b1+c1+d1) sinhω0(a1+b1+c1+d1)
sinω0(a1+b1+c1+d1) − cosω0(a1+b1+c1+d1) sinhω0(a1+b1+c1+d1) coshω0(a1+b1+c1+d1)


The other determinants in (19) are determinants of matrices that are formed by

matrix B. In this matrix, certain columns are replaced by the column-vector b as
follows:

∆Ri
(i = 1 ÷ 3) − the first, the fifth, or the ninth column,

∆Si
(i = 1 ÷ 3) − the second, the sixth or the tenth column,

∆V i
(i = 1 ÷ 3) − the third, the seventh or the eleventh column,

∆W i
(i = 1 ÷ 3) − the fourth, the eighth or the twelfth column.

(21)

The column-vector b is written below,

(22) b =
[m3eω

2 cosα

EJω3
0

Mbm

EJω2
0

0 0
Abm
EJω3

0

0 0
Bbm
EJω3

0

0 0 0 0
]T
.

The symbols E, J and are explained in formula (8). Abm , Bbm and Mbm can be
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calculated from the following expressions:

Abm =
1

2(b1 + c1)

[
ω2(Jξ − Jς) sin 2α

− 2ω2m3(a1 + b1 + c1 + e sinα)e cosα− (Rnb +RΣ)e cosα
]
,

Bbm =
1

2(b1 + c1)

[
(Rnb +RΣ) e cosα

+ 2ω2m3(a1 + e sinα)e cosα− ω2(Jξ − Jς) sin 2α
]
,

Mbm =
1

2

[
(Rnb +RΣ) e cosα− ω2

(
Jξ − Jς −m3e

2
)

sin 2α
]
,

(23)

where Rnb is the normal force loading the workpiece. This force can be calculated
from expressions that are used in various sources [6,15,16]. RΣ is the total resistance
force between the workpiece and the band saw machine. This force is calculated for
each individual case.

2.4 LOSS OF KINETIC ENERGY OF THE MECHANICAL SYSTEM

2.4.1 LOSS OF KINETIC ENERGY OF THE MECHANICAL SYSTEM CONSISTING

OF THE UPPER SHAFT AND THE UPPER LEADING WHEEL

In this case, the loss of kinetic energy is calculated from the difference of kinetic
energies in the real and ideal cases.

(24) ∆Tb = Trb − Tpb .

After replacing Trb and Tpb with their equals, the following expression is obtained:

(25) ∆Tb =
1

2

(
Jrb +m4Z

2
41

)
ω2 − 1

2
Jpbω

2 .

From this expression, we obtain the expression for loss of kinetic energy in final form

(26) ∆Tb =
1

2

[
(Jξ − Jζ) sin2 α+m4e

2 cos2 α

+m4(S1 cosω0a3 + T 1 sinω0a3 + V 1chω0a3 +W 1shω0a3 )2

]
ω2.
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2.4.2 LOSS OF KINETIC ENERGY OF THE MECHANICAL SYSTEM CONSISTING

OF THE MAIN SHAFT, THE LOWER LEADING WHEEL AND THE BELT PUL-
LEYS

The loss of kinetic energy can be calculated from the following expression:

(27) ∆T = Tr − Tp .

We replace Tr and Tp with their equal expressions written in (15) and (3) and get
the following expression:

(28) ∆T =
1

2
(Jr +m3Z

2
21 +m5Z

2
22 +m2Z

2
23)ω2 − 1

2
Jpω

2 .

After converting the above expression, we obtain the following dependence for
calculating the kinetic energy loss of the mechanical system.

(29) ∆T =
1

2

[
(Jξ − Jζ) sin2 α+m3e

2 cos2 α+m3Z
2
21 +m5Z

2
22 +m2Z

2
23

]
ω2.

2.4.3 COMPLETE LOSS OF KINETIC ENERGY OF THE MECHANICAL SYSTEM

The complete kinetic energy loss of the mechanical system is the sum of the energy
loss of the upper shaft and upper leading wheel and the energy loss of the main shaft,
lower leading wheel, and two belt pulleys. This loss can be calculated from the
following expression:

(30) ∆TΣ = ∆Tb + ∆T .

We replace∆Tband ∆T with their equals and after appropriate transformations we
get the expression for the complete loss of kinetic energy in its final form.

(31) ∆TΣ =
1

2

[
(Jξ − Jζ) sin2 α+m4e

2 cos2 α

+m4(S1 cosω0a3 + T 1 sinω0a3 + V 1chω0a3 +W 1shω0a3 )2

+ (Jξ − Jζ) sin2 α+m3e
2 cos2 α+m3(R1 + V 1)2

+m5(R2 cosω0z2 + S2 sinω0z2 + V 2chω0z2 +W 2shω0z2)2

+m2(R3 cosω0z3 + S3 sinω0z3 + V 3chω0z3 +W 3shω0z3)2

]
ω2 .

This expression allows to calculate the loss of kinetic energy at different values
of the linear and angular inaccuracies, as well as different values of the masses and
of the geometric and kinematic characteristics of the mechanical system.
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2.5 KINETIC ENERGY LOSSES IN BIG BAND SAW MACHINES – OPTIMIZATION

2.5.1 OPTIMIZATION SOLUTIONS REDUCING ENERGY LOSSES

In this case, the loss of kinetic energy depends on the change of many parameters
such as the presence of linear and angular deviations, the change of linear and an-
gular velocities, mass moments of inertia, axial moments of inertia, etc. This can
be seen from the expression (31), as well as from the dependencies for the constants
of integration involved in this expression. The purpose of this part of the study is
to propose optimization solutions that minimize kinetic energy losses. To achieve
this purpose, we use the optimization procedure fmincon [17, 18]. This procedure
looks for the minimum of a multidimensional function with the corresponding con-
straints. In this case, the interval of constraints in which the parameters e and α
change must be determined. These constraints are expressed by the following in-
equalities: lb ≤ [e, α] ≤ ub, where lb and ub are the lower and upper bounds. It is
also necessary to determine the initial approximation x0 around which the function
has a local minimum. The way in which the optimization procedure is applied is
shown below.

function F def
x0=[Initial Approximation];
lb=[Lower Bounds];
ub=[Upper Bounds];
ops=optimset(’LargeScale’,’off’);
[x,fval,exitflag,output]=fmincon(@def1,x0,A,b,Aeq,beq,lb,ub,nonlcon,ops),
function F1=def1(x)
.
objective function
.
F1 =[see expressions for calculating the loss of kinetic energy]
.

2.5.2 OPTIMIZATION PROCEDURE – APPLICATION

The leading wheels, both for the upper shaft and for the main shaft of the big band
saw machines, are made with large geometric dimensions. The diameters of these
wheels can reach up to 3200 mm. For this reason, they are always made with in-
accuracies. The magnitudes of these inaccuracies depend on many factors, such as
different manufacturing technologies, different assembly technologies, different op-
erating conditions, and more. For this reason, we use the allowable technological
boundaries in which the parameters e and α are changed, i.e. emin ≤ e ≤ emax,
αmin ≤ α ≤ αmax. These boundaries determine the zone in which the band saw ma-
chine can operate. This zone is called the working zone. The area under the working
zone is called the initial zone and the area above the working zone is called the final
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zone. We can apply the optimization procedures for the three zones. However, this is
not always necessary. The most desirable area for the leading wheels to operate is the
initial zone. The most undesirable area for the leading wheels to operate is the final
zone. The most important area for which we are looking for an optimization solution
is the working zone. We can obtain the optimal values of the parameters e and α so
that the loss of kinetic energy has a minimum value.

We can calculate the values for the change of kinetic energy using the obtained
expression (31). In this case, the parameter e changes from 0 to 0.0015 with step
0.0003 and the parameter α changes from 0 to 0.026175 with step 0.001745. The
obtained values are presented below as a matrix.

∆TΣ = 1.0e+

+ 003



0.0000 0.0146 0.0585 0.1316 0.2339 0.3654 0.4631 0.7161
0.0032 0.0283 0.0827 0.1664 0.2792 0.4213 0.5262 0.7931
0.0126 0.0483 0.1133 0.2075 0.3309 0.4835 0.5926 0.8764
0.0284 0.0747 0.1502 0.2549 0.3888 0.5520 0.6654 0.9660
0.0505 0.1073 0.1933 0.3086 0.4531 0.6268 0.7444 1.0619
0.0789 0.1462 0.2428 0.3686 0.5237 0.7080 0.8298 1.1641
0.9353 1.1837 1.4612 1.7680 2.1038 2.4689 0.9215 3.2863
1.0228 1.2817 1.5698 1.8871 2.2335 2.6091 2.8630 3.4475
1.1167 1.3861 1.6848 2.0125 2.3695 2.7556 3.1708 3.6151
1.2168 1.4968 1.8060 2.1443 2.5118 2.9084 3.3341 3.7890
1.3233 1.6138 1.9335 2.2824 2.6604 3.0675 3.5038 3.9692
1.4360 1.7371 2.0674 2.4268 2.8153 3.2330 3.6798 4.1557


The values at which the kinetic energy loss changes for this case varies from

zero to 4155.7 [J]. To find optimization solutions for the three zones, we use the
optimization procedure namely fmincon. And in this case, it is necessary to determine
in advance the initial approximation x0, lower bounds lb, upper bounds ub, as well
as to compile the objective function for the three zones.

INITIAL ZONE

function F def
x0=[0.00075 0.0026175];
lb=[0.0003 0];
ub=[0.0012 0.005235];
ops=optimset(’LargeScale’,’off’);
[x,fval,exitflag,output]=fmincon(@def1,x0,[],[],[],[],lb,ub,[],ops)
function F1=def1(x)
.
objective function
.
F1 =[see expressions for calculating the loss of kinetic energy (31)]
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The following results are obtained after startup of the procedure.

e = 1.0e - 003*0.3000 [m], α = 0, ∆TΣ min = 3.154387 [J].
exitflag = 1
output =

algorithm: ’medium-scale: SQP, Quasi-Newton, line-search’
Ideal case: e = 0, α = 0, ∆TΣ min = 0.

WORKING ZONE

function F def
x0 = [0.00075 0.0130875];
lb = [0.0003 0.005235];
ub = [0.0012 0.02094];
ops = optimset(’LargeScale’,’off’);
[x,fval,exitflag,output] = fmincon(@def1,x0,[],[],[],[],lb,ub,[],ops)
.
function F1 = def1(x)
.
objective function
.
F1 = [see expressions for calculating the loss of kinetic energy (31)]
.
The following results are obtained after startup of the procedure.

e = 0.0003 [m], α = 0.0052 [rad], ∆TΣ min = 166.3548 [J].
exitflag = 1
output =

algorithm: ’medium-scale: SQP, Quasi-Newton, line-search’

FINAL ZONE

function F def
x0 = [0.00075 0.023558];
lb = [0.0003 0.02094];
ub = [0.0012 0.026175];
ops = optimset(’LargeScale’,’off’);
[x,fval,exitflag,output] = fmincon(@def1,x0,[],[],[],[],lb,ub,[],ops)
function F1 = def1(x)
.
objective function
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.
F1 = [see expressions for calculating the loss of kinetic energy (31)]
.
The following results are obtained after startup of the procedure.

e = 1.0e - 003*0.3000 [m], α = 0.0209 [rad], ∆TΣ min = 2.2335e+ 003 [J]
exitflag =1
output =

algorithm: ’medium-scale: SQP, Quasi-Newton, line-search’

THE WORST CASE:

e = 0.0015 [m], α = 0.026175 [rad], ∆TΣ min = 4.1557e+ 003 [J].

In this part of the paper, optimization solutions are proposed for determining the
minimum value of kinetic energy loss ∆TΣmin . As can be seen from the numerical
values written as matrices, the loss of kinetic energy depends on the two parameters
e and α and changes in the following limits 0 ≤ ∆TΣ ≤ 4155.7 [J].

The most important area in which the band saw machine works is the working
zone. The minimum energy loss for this zone is ∆TΣmin = 166.3548 [J] The values
of the two parameters at which the loss of kinetic energy assumes minimum values
were also obtained, which are e = 0.0003 [m]. α = 0.0052 [rad]. These values
can be used in the design of new band saw machines in order to guarantee minimum
energy consumption.

The initial zone is the most desirable zone in which the band saw machine can
operate. Theoretically, the energy loss in this zone can be zero. This can be obtained
when there are no linear and angular deviations, i.e. e = 0, α = 0, ∆TΣmin =
0. Unfortunately, this is technologically impossible. The actual value calculated
by the optimization procedures is ∆TΣmin= 3.154387 [J] when α = 0, e = 1.0e-
003*0.3000 [m].

The most undesirable zone in which the band saw machine can operate is the
final zone. In this zone, the loss of kinetic energy assumes maximum value, which is
∆TΣmin = 4.1557e+003 [J]. This value is calculated for the maximum values of the
two parameters, e = 0.0015 [m], α = 0.026175 [rad]. The actual value calculated
from the optimization procedure is ∆TΣmin = 2.2335e+003 [J]. If the band saw
machine works in this area, technological solutions should be applied, the sizes of
linear and angular inaccuracies should be reduced and the machine should work in
the working zone.
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3 CONCLUSION

In this paper, the kinetic energy losses that occur in the operating mode in big band
saw machines are investigated. These losses are caused by the linear and angular
inaccuracies with which the leading wheels are manufactured. For this purpose, ex-
pressions are derived to determine the kinetic energy. The kinetic energy without
linear and angular inaccuracies has a constant value when the shafts are rotate with
constant angular velocity. The kinetic energy in case of linear and angular inaccura-
cies has a variable value that depends on different factors. Through these expressions
dependence is derived that allows the loss of the kinetic energy to be calculated. We
can establish the fact that the loss of the kinetic energy depends on the unbalance
e and the angle α. This loss will be equal to zero when the eccentricity e and the
angle α are equal to zero. In fact, they are different from zero and the more their
values are bigger the more the kinetic energy loss is bigger. On the other hand, the
loss of the kinetic energy of the band saw machine depends on the masses and the
diameters of the leading wheels. This loss also depends similarly on the lengths and
the cross-sections of the main and upper shafts. We can establish the cases when the
energy loss will be equal to zero or this loss will have a minimum value. Solving of
the optimization task allows the parameters of the machines to be chosen in such a
way that the losses of the kinetic energy to be minimum.

In conclusion, this research can be seen as a contribution to the contemporary
knowledge on energy conservation and design of energy-saving machines. It may
contribute to better understanding of these problems and prove useful for many re-
searchers. In particular, the proposed approach can be used in the design of other
classes of woodworking machines, as well as in the study of energy losses for this
class of machines.
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[3] Z. KOPECKÝ, L. HLASKOVA, K. ORLOWSKI (2014) An Innovative Approach to Pre-
diction Energetic Effects of Wood Cutting Process with Circular-Saw Blades. Wood
Research 59(5) 827-834.

[4] K. ORLOWSKI, T. OCHRYMIUK, A. ATKINS, D. CHUCHALA (2013) Application of
Fracture Mechanics for Energetic Effects Predictions While Wood Sawing. Wood Sci-
ence and Technology 47(5) 949-963.

https://doi.org/10.1016/j.ijmachtools.2009.06.008
https://doi.org/10.1007/s00226$-$013-0551-x
https://doi.org/10.1007/s00226$-$013-0551-x


88 Reducing Energy Losses in Some Classes of Woodworking Machines ...

[5] P. ISKRA, C. TANAKA, T. OHTANI (2005) Energy Balance of the Orthogonal Cutting
Process. Holz Als Roh-und Werkstoff 63 358–364.

[6] P. OBRESHKOV (1995) “Woodworking Machines”. Publishing House ”BM”.
[7] B. MARINOV (2022) Spatial Deformations and Transverse Vibrations in the Cutting

Mechanisms of Big Band Saw Machines - Investigation and Analysis. Global Journal
of Engineering and Technology Advances 13(3) 096-109.

[8] B. MARINOV (2023) “Energy Losses in Big Woodworking Machines: Analysis and
Optimization”. Cambridge Scholars Publishing.

[9] B. MARINOV (2024) Investigation of the Spatial Deformations and Transverse Vibra-
tions in Main Links of Big Band Saw Machines. Journal of Theoretical and Applied
Mechanics 54 73-88.

[10] A. PISAREV, TS. PARASKOV, C. BACHVAROV (1988) “Course in Theoretical Mechan-
ics. Second part-Dynamics”. State Publishing House Technics.

[11] R. DREIZLER, C. LÜDDE (2010) “Theoretical Mechanics: Theoretical Physics 1”,
Springer.

[12] FL. SCHECK (2018) “Mechanics. From Newton’s Laws to Deterministic Chaos”.
Springer-Verlag Berlin Heidelberg.

[13] B. CHESHANKOV (1992) “Theory of Vibrations”. Publishing House of Technical Uni-
versity.

[14] A. PISAREV (1985) “Mechanical Vibrations”. State Publishing House Technique.
[15] B. MARINOV (2020) Energy Losses in Big Band Saw Machines-Analysis and Opti-

mization. Archive of Mechanical Engineering 67(3) 335-351.
[16] ZH. GOCHEV (2005) “Handbook for Exercise of Wood Cutting and Woodworking

Tools”. Publishing House in LTU.
[17] YO. TONCHEV (2005) “Matlab, Part1”. Publishing House Technique.
[18] YO. TONCHEV (2009) “Matlab, Part3”. Publishing House Technique.

https://doi.org/10.1007/s00107-005-0021-8
https://doi.org/10.30574/gjeta.2022.13.3.0211
https://doi.org/10.30574/gjeta.2022.13.3.0211
https://doi.org/10.55787/jtams.24.54.1.073
https://doi.org/10.55787/jtams.24.54.1.073
https://doi.org/10.24425/ame.2020.131697

