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INTRODUCTION
1. Problem statement

From 2016 to 2018, the Ministry of Science and Technology assigned the Forestry
University to preside over the national independent project "Research, design, and
manufacture of automatic wood sawing equipment line with a capacity of 3 - 4 m3 ’h of
finished wood" code DTDPL.CN-10/16. The project designed and manufactured an
automatic wood sawing line.

During the operation of the carriage system, there are many factors affecting the
productivity of the production line, product quality and safety during the operation process,
of which there are 3 main issues that need attention as follows:

Firstly, the cart and the heavy round wood are distributed to 3 pairs of wheels moving
on two rails placed on a concrete floor. Because the load concentrated on the wheels is
different and moving on two rails, in addition to the phenomenon of oscillation along the
rail direction, the cart also has the phenomenon of oscillation horizontally.

Second, when an incident occurs, such as a broken saw blade, an obstacle is detected,
or other dangerous situations occur that require the carriage to be controlled to stop
immediately to ensure safety.

Third, to increase the productivity of the line, the moving speed of the carriage needs
to be as high as possible while still ensuring safety, braking ability and sawing quality.

Based on the above issues, the thesis topic: " Research on dynamics and control of
carriages in automatic wood sawing lines ", which mainly focuses on studying the
dynamics of longitudinal movement related to the carriage's moving speed, the elastic
parameters of the foundation and of the rails related to the carriage's lateral oscillation; at
the same time, studying the carriage's braking ability to provide parameters in the details
of the braking system and as input parameters in the braking control process.

2. Research purpose of the thesis

Build a model, establish dynamic equations and control the carriage during the
automatic wood sawing process, survey the established equations to determine the
parameters for constructing the carriage track foundation, and at the same time determine
the braking force of the carriage when the carriage has an accident to improve the
productivity and quality of the sawing circuit and safety of the automatic timber sawing
carriage system.

3. New contributions of the thesis

1. The thesis has built a model, established the dynamic equation and the algorithm to
control the motion of the carriage. The horizontal oscillation of the wood sawing plane has been
calculated, the problem is converted to the oscillation of the beam on an elastic foundation, bearing
many concentrated moving loads. By using the properties of the Dirac function, the thesis has
established the horizontal oscillation equation of the sawing circuit and given the solution in
analytical form. With the obtained expressions of the natural oscillation frequency and the forced
oscillation frequency, it is possible to conclude: With the wood sawing chain systems using
vertical band saws and automatic wood sawing carriages, the resonance phenomenon of the beam
does not occur.

2. The thesis has investigated the horizontal oscillation equation of the sawn joint and
given the results (Table 3.2), which shows the pairs of values of the bending stiffness of
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the rail beam EI and the foundation coefficient k = k ¢.b corresponding to the maximum
horizontal oscillation amplitude of the carriage. Based on this result, it is possible to make
a reasonable choice of parameters of EI and k o, serving the construction process when
installing the carriage foundation. From the survey results, the parameters when
constructing and installing the carriage are determined as follows: When k 4= 8 KN/m 3,
concrete grade M300, concrete layer thickness h , = 0.88 m. When k 4= 14 KN/m 3,
concrete grade M300, concrete layer thickness h ,= 0.7 m.

3. The thesis has built a model, established the dynamic equation of the carriage braking
process, the survey results of the dynamic equation of carriage braking determined the parameters
for carriage braking as follows: The braking traction system must achieve a traction
acceleration a > 20 m/s % and brake pulling force F > 2683 N, carriage brake pulling cable
diameter @ =22 mm .

4. Scientific significance of the thesis

Based on the theory of dynamics, the establishment of the horizontal oscillation
equation of the saw blade is transferred to the problem of oscillation of the beam on the
Winkler elastic foundation, subjected to many concentrated and moving loads. The survey
results have determined the pairs of values of the bending stiffness of the rail EI and the
foundation coefficient k, ensuring that the maximum horizontal oscillation amplitude of
the saw blade is within the allowable limit, helping to choose the appropriate technical
parameters for the installation of the saw blade system. These are scientific contributions
and have reference value for studies on the dynamics of carriages in the saw blade chain
using vertical band saws and for other similar research subjects.

5. Practical significance of the thesis

The research results of the thesis can be used as reference material for the process of
calculating and designing automatic wood sawing carriages, and at the same time used for
the installation and completion of carriages in the automatic wood sawing line under the
national level project code DTPL.CN-10/16, in order to improve the productivity of the
line, improve the quality of sawn boards and ensure the safety of people and equipment
when operating the line, this is the practical significance of the thesis.

CHAPTER 1 OVERVIEW OF THE RESEARCH PROBLEM
1.1 General overview of the wood carriage system in the automatic wood sawing line
using vertical band saw
Using an automatic sawing system with a vertical band saw will bring advantages
including improving productivity and quality of sawn boards, improving gas production
rate, thereby reducing production costs, ensuring safety during the sawing process.
However, using an automatic sawing system requires high initial investment costs, high
requirements for operating techniques and maintenance. Therefore, automatic sawing
systems are mainly used in large-scale production facilities, with the ability to invest and
meet the requirements for operating techniques and maintenance.
1.2. Situation of using automatic wood sawing lines in the world and in Vietnam
1.2.1. Overview of the situation of using automatic wood sawing lines in the world

The research on technology and design of automatic wood sawing equipment
production lines in the world has achieved great achievements, contributing to improving
productivity, quality and finished product rate. However , automatic wood sawing
equipment lines require large investment capital, complex usage techniques and depend
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on the wood objects of each country, each nation. When applied to each country, it is
necessary to have research suitable for the wood objects that need to be sawn and the
investment capital as well as the level of workers operating the equipment line [38], [37],
[17], [13]
1.2.2. Overview of the situation of using automatic wood sawing lines in Vietnam
Currently in Vietnam there are about 5,000 wood processing establishments, of which
60% are small and medium-sized establishments mainly operating at the craft village and
household scale, focusing on the production of handicrafts for the domestic market. The
rest are large-scale wood processing factories producing wooden products mainly for
export.
For small-scale facilities, to carry out the sawing process, people can now use some
popular saws including horizontal band saws, circular saws, and circular saws.

Figure 1.6 1Circular saw used to cut round wood 1nt0 boards.

Figure 1.6 is a circular saw, a type of vertical circular saw mainly used to cut wood
boards with a diameter of less than 30 cm. When cutting, two people need to stand on both
sides of the saw table to carry out the process of putting the wood in to cut and taking the
board out.

In the South, some rubber wood processing companies in Binh Duong have used
semi-automatic wood sawing lines, in which the wood feeding and pushing stages are by
conveyor belt, sawing is by band saw, but the wood clamping system is still done manually.
These wood sawing lines have higher productivity, reducing the workload for workers, but
the product quality is not high, the gas conversion rate is low. Some processing factories
in Quy Nhon - Binh Dinh also use improved band saws using carts to push the wood during
the sawing process. The thickness of the sawn board is controlled by an electric motor, but
the manual level is still high and the productivity is limited [9] .

Figure 1.8 shows a sample of a wood sawing line installed by SUMAC Machinery &
Equipment Company. This equipment can saw wood with a diameter of 3400 mm =+
?1000 mm, a maximum tree length of up to 6 m with a cutting tolerance of +1 mm. In
addition, automatic conveyor systems support fast feeding of wood in combination with a
PLC control system. However, the limitation of this line is that there is no automatic
system to set up a sawing map to optimize the gas ratio [14]



Figure 1.8 2Automatic slitting line of SUMAC Machinery & Equipment
Company

Thus, the current sawn timber production stage in Vietnam for small and medium-
sized processing facilities is mainly carried out by vertical band saws and horizontal band
saws using human power to push the wood manually, so productivity is low, labor costs
are high, leading to low economic efficiency and lack of initiative in labor resources. Some
facilities with large production scale and investment capacity have imported automatic and
semi-automatic sawing lines to serve the sawn timber production stage. However, these
lines are often expensive, difficult to care for, maintain, repair and replace, leading to
limited economic efficiency and lack of initiative in handling technical problems.
1.3. Overview of research works on dynamics and control of carriages in automatic
wood sawing lines using vertical band saws
1.3.1. Research works in the world

The dynamics and control in the sawing process of an automatic sawmill have a great
influence on productivity, sawing quality and safety, especially the dynamics and control
for bandsaws and wagons.

Regarding research projects on the braking system of carriages in automatic wood
sawing lines, the braking system of carriages carrying wood has been developed relatively
completely for automatic wood sawing systems and ensures safety in case of accidents.
However, there has not been any publication in the world related to the research on the
braking system of carriages carrying wood.

Regarding the vibration of carriages in automatic sawmilling lines, there has been no
published research on the vibration of carriages in sawmilling lines.

1.3.2. Research works in Vietnam

Currently in Vietnam, there are a number of automatic wood sawing lines using vertical
band saws and wood carts that are now relatively complete and widely applied in actual
production, especially in developed countries, but the publications on the research results
of wood carts in wood sawing lines in general and automatic wood sawing lines in
particular in the world and in Vietnam are still very limited, especially research works on
dynamics and control of wood carts. There are some publications on research on wood
sawing lines in general but mainly focus on the stability of vertical band saws, the grinding
between the saw blade and the flywheel and some studies related to experimental methods
to optimize the longitudinal speed of the cart and studies on the performance of wood
sawing lines. Studies on control, braking and lateral vibration of wood carts have almost
not been published.
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1.4. Overview of the structure and operating principle of the carriage in the automatic
wood sawing line designed and manufactured by project code DTPL.CN-10/16

The wood carriage system in the automatic wood sawing line is the most important
system, determining the productivity and quality of the product. This is the system with
the most complex structure and the most details in the line. The carriage system in the
automatic wood sawing line includes the following structures:

- Log rotation mechanism to create optimal sawing position;

- The clamping mechanism tightly clamps the log to stabilize the log when sawing to
prevent shaking or shifting;

- Mechanism to move the log into the saw to create the thickness of the saw grain;

- Mechanism to move the carriage along the length of the tree to create saw veins.

The system of rotating, flipping, and clamping wood in the automatic wood sawing
line has been designed.

Working principle

The automatic wood sawing equipment line is designed with a capacity of 3-4 m3 °f
finished products/hour. The input of the line is round wood with a diameter of 0.3-0.8m,
maximum length of 4m, the thickness of finished wood reaches an accuracy of >
0.8mm/total length of 4m, the wood ratio reaches 60-70%. The rotating and tilting system,
the wood clamp in the automatic wood sawing line is the most important system,
determining the productivity and quality of the product. This is the system with the most
complex structure and the most details in the line.

The wood carriage can move through 6 wheels placed on two steel rails. Although the
carriage runs on the iron rails at a low speed, only about 0.08 - 0.25 m/s, but due to the
large weight, unevenly distributed on the 6 wheels moving on two iron rails placed on the
elastic concrete floor, it will lead to vibration of the rails with different amplitudes and
frequencies; this is one of the reasons that makes the wood sawing plane vibrate
horizontally, leading to an increase in the width of the sawing joint as well as the quality.
The sawn surface is reduced. Therefore, it is necessary to study this content in depth to
find suitable parameters in the design and initial installation of the wood carriage system,
ensuring that the sawn amplitude is within the allowable limit during the sawing process.
This is also one of the research purposes of the thesis.

1.5. Research objectives of the thesis

Based on the results of the overview analysis, to serve the research purpose, the thesis
needs to complete the following research objectives:

- Build a model, establish dynamic equations in the longitudinal motion of the carriage
on the rail, from there simulate controlling the carriage to run at a speed suitable to the
parameters of the saw blade cutting force and the specific cutting resistance of the wood.

- Establish the horizontal oscillation equation of the sawn wood joint, survey the factors
affecting the horizontal oscillation amplitude of the sawn wood joint, calculate the
parameters of the foundation and rails to serve the initial installation process, ensure that
the maximum horizontal oscillation amplitude of the sawn wood joint must be within the
allowable limit.

- Calculate the parameters for the brake cable and the brake pulling force as well as the
brake cable reverse pulling speed so that when the carriage is braked (braked by winch),
the braking distance is within the allowable distance.
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- Experiment to verify whether the theoretical calculation model of transverse
oscillation of the saw blade is consistent with reality.
1.6. Research subjects
The research object in the thesis is the carriage system in the automatic wood
sawing line designed and manufactured by the state-level project code DTDL.CN-10/16.
1.7. Scope of research
- To build a theoretical model when studying the horizontal oscillation of the saw
blade as well as the braking process, the thesis uses the following assumptions:
+ The frame and wheels of the cart are absolutely rigid (not subject to bending,
twisting, or compression);
+ The carriage wheels roll without slipping on the rails;
+ Pure bending rails, placed on Winkler elastic foundation;
+ Brake cable has initial self-stretch and elasticity according to Huc's law;
+ Ignore the clearance between the wheels and wheel bearings as well as the
clearance between the wheels and the rail beam.
- Experiments to verify the model will use Ash wood (with specific shear resistance,
K = 36.15 N/mm 2 [3]) for sawing experiments .
1.8. Research content
1.8.1. Theoretical research content

- Build a dynamic model, establish differential equations describing the longitudinal
motion dynamics of the carriage;

- Build model, establish dynamic equation of braking process;

- Build controller, algorithm to control the longitudinal movement of the carriage and
the braking process;

- Build a model, establish the horizontal oscillation equation of the carriage in the saw
blade plane, based on the problem of a beam lying on an elastic foundation subjected to a
concentrated load that changes and moves;

- Survey of dynamic equations and simulation of carriage control during longitudinal
movement and braking process;

- Investigate the horizontal oscillation equation of the carriage in the saw plane when
sawing wood.

1.8.2. Experimental research content

- Determine the load acting on the wheels;

- Determine the self-expansion coefficient A of the cable;

- Determine the background coefficient k o ;

- Experimentally measure the horizontal oscillation amplitude of the slit circuit to
verify with the theoretical calculation results.

1.9. Research methods
1.9.1. Theoretical research method

In theoretical research, the thesis applies the method of building a dynamic model of a
carriage, taking into account the factors affecting the braking process; building a problem
of lateral oscillation of a carriage, then examining the systems of equations using
established algorithmic models.



1.9.2. Experimental research method

- In experimental research, the thesis applies the method of measuring non-electrical
quantities by electricity, using modern measuring devices and software in collecting and
processing experimental data;

- The application of the above research methods will be presented specifically in the
following chapters when conducting research on each content.

Chapter 1 Conclusion

1. The automatic wood sawing carriage system has been designed and manufactured
by the independent state-level project code DTPL.CN-10/16. However, the project only
focuses on design calculation, manufacturing and testing, and has not mentioned the
research on the dynamics and control of this carriage.

2. In published research works on wood sawing chain systems in the world and in
Vietnam, the research content on dynamics and control of automatic wood sawing
carriages is still limited.

3. The automatic wood sawing carriage system designed and manufactured by the
independent state-level project still has many shortcomings, such as large vibrations,
which affect the unevenness of the sawn surface, the length of the braking distance of the
carriage is large when the carriage has an accident, thereby affecting the safety of the saw
blade. Therefore, the implementation of the topic: ""Research on dynamics and control of
carriages in automatic wood sawing lines'' that the thesis chose is necessary to provide
solutions to select and control reasonable parameters in the wood sawing process; limit
vibrations and brake promptly when the carriage has an accident, thereby increasing
sawing productivity, ensuring quality and safety for the automatic wood sawing carriage
system .

CHAPTER 2 DYNAMICS AND CONTROL OF Carriages
DURING MOVEMENT, BRAKE
2.1. Dynamics and control of longitudinal motion of carriage during sawing process
When working, the carriage has two directions of movement: movement in the
direction of sawing wood and movement in the direction of not sawing wood.

o o o o
o o - 3
Figure 2.1 1Diagram of the movement of the carriage
The moving diagram of the carriage is shown in Figure 2.1. From this model we will
analyze the forces acting on the carriage during operation.
| B ;

TN

¢ -
S — R R TS
e :
Figure 2.2 2Dynamic model of longitudinal motion of a carriage

2.1.1. Assumptions for building a dynamic model of a carriage
- Absolutely horizontal rail;
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- Ignore wind resistance because the chain is placed indoors and moves at slow
speed;
- Does not take into account saw blade vibration.
2.1.2. Establish the differential equation of motion for the longitudinal motion of the
carriage
From figure 2.2, we have the following force balance equation:
mx=F,-Q.-X%F,; 2.1)

in which: F ; - carriage cable pulling force; Q . - resistance force of saw blade to carriage
in longitudinal direction of timber; 2F , s - total friction force between carriage and rail:
XF =F+ F,+ F,+ F,+ F,+ F| (2.2)

in which: F i.¢ are the frictional forces at wheels 1 to 6 respectively.
2.2. Building a carriage motion control algorithm

To control the movement of the carriage according to the desired trajectory (running
along the AB-BC-CD trajectories when sawing wood, running along the GF, FE
trajectories when returning without sawing), the carriage system needs to be controlled in
a closed loop, with the general control diagram shown in Figure 2.4.

N B Bodidu | [ | [ Quy dao

Cam bién
Figure 2.4 3Closed-loop control system of carriage movement

2.2.1. Setting the mode for the movement of the carriage

Setting the mode for the carriage's movement is to set the desired value of the carriage's
movement to have a signal input to the control system. The design of the carriage's
movement mode has the task of modeling the movement requirement ( shown in Figure
2.1 ) into a mathematical signal. From the technological requirements for the carriage's
movement, we can see:

When the wood-cutting cart is required to move in the 2-1-2 mode: vehicle speed
increases gradually: section AB - vehicle speed remains constant: section BC - vehicle
speed decreases gradually: section CD, this movement mode is shown above (Figure 2.5-

a);

Chicu x¢ ,\.-

F

Chivu khing 4 ..-,..




| |

| . ' ‘1
a) 2-1-2 mode b) 2-2 mode
Figure 2.5 4Graph of carriage motion mode

2.2.2. Building a carriage motion control algorithm

e=x,~x—0 {x = X4 . This means that if the friction-

After the control time,
x—0 x—0

compensated PD controller is used, the moving x coordinate of the carriage will stick to
the desired value; at the same time, x —> Qit means that the control system will stop the
carriage at the end of the trajectory (point D for the sawing motion, and E for the return
motion).
2.3. Calculation of horizontal vibration of the carriage (oscillation of the wood saw
plane) during the wood cutting process

The study of the vibration of a wood carriage during the sawing process is modeled on
the vibration problem of a beam on an elastic foundation (Winkler), subjected to changing
and moving concentrated loads.

Figure 2.6 5Vertical cross-section diagram of a wood cart (in a sawing line using a
vertical band saw)

In the research content of the thesis, using the Winkler elastic foundation beam
oscillation model, the analytical solution of the differential equation of oscillation of the
beam under mobile concentrated load is solved by the method of separation of variables.
Together with the use of the Dirac Delta function and its properties, the expression for
calculating the horizontal oscillation amplitude of the wood sawn joint plane is determined.
Based on this result, the pair of values EI and k o is determined so that the maximum
horizontal oscillation amplitude of the wood sawn joint is within the allowable limit.
2.3.1. Calculate the forces exerted by the weight of the wood carriage (in a wood sawing
line using a vertical band saw) on the two rails at the contact points between the wheel
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and the rail, when the carriage moves at a constant speed vim/s), taking into account
the wood cutting force of the saw blade
Assuming the wooden cart frame is absolutely rigid, the axles of the 6 wheels are
attached to the frame at points A ; with distances as illustrated in (Figure 2.7). At point A ;
there is a shear force Pi (N) and at point M there is a downward shear force F ¢ on the wood.
Suppose that the wheels of the carriage, with the forces applied as above (Figure
2.7), are placed on elastic springs with stiffness coefficient k . If we call F ; the force of the

carriage acting on the rail beam at the points A, (contact points of the wheels and the rail)

and W1 j; the length of the compressed spring (Figure 2.7), then = k W,

Figure 2.7 6Model for calculating the load acting on the rails at the contact points
with the carriage wheels.
2.3.2. Calculation of beams on Winkler elastic foundation
2.3.2.1. Winkler's hypothesis (1867) is used to calculate beams on elastic foundations.

Beams working on elastic foundations are used with Winkler's hypothesis:

The Winkler hypothesis is a locally settled foundation, meaning that the settlement
of the foundation only occurs at points below the beam, so the foundation can be described
as a system of countless independent vertical springs close together (Figure 2.8a).
Therefore, the reaction force intensity of the foundation at each point is proportional to the
settlement of the foundation (or deflection of the beam) at that point.

According to Winkler we have: po( x,t )=k W(x,t)

(2.51)
in which: W(x,t) - Settlement of the foundation (or deflection of the beam) at the cross-
section with coordinates x , m;
k o- Base coefficient, N/m 3 ;
P o(x,t) - Reaction of the foundation at x, N/m 2.
If the beam has a width p«<j with L being the length of the beam, then it can be assumed

that the reaction force of the foundation is distributed uniformly along the width b . Then,
the reaction force of the foundation acting on the cross-section at coordinate x will be:

P(x,t)=ky.bW(x,t)=kW(x,t) N/ m (2.52)
The coefficients k ¢, k are called background coefficients with dimensions
N N

(%] =T (€] =7

2.3.2.2. Dirac function
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1) The Heaviside unit step function is a function of the form: (£)= 1,6>0
0,£<0
(2.53)
2) Impulsefunctiongg (x—xo):l[H(x—xo)—H(x—(xo +8))J (2.54)
€

The impulse function has height 1in the interval [x 9, X o+ € ] and is zero elsewhere.
€

3) Dirac Delta Function

The Dirac Delta function is not a function in the usual sense. The Dirac Delta function
is zero everywhere except at the point x o where it has an infinite value such that:

js(x—xu)dx=1 (2.55)
2.3.2.3 Differential equation of vibration of beam on Winkler elastic foundation
Consider a beam of length L, with hinges at both ends, Young's modulus £ , moment
of inertia of the beam I, placed on a Winkler foundation with elasticity coefficient k .
Choose the coordinate system O , with the O  uis along the beam axis, the O , ais pointing
downward. The beam is subjected to a load distributed along the beam with intensity q(x,t)
(N/m). Suppose that during operation the beam and the foundation are not separated, that
is, the settlement of the foundation and the deflection of the beam are always equal at all
cross-sections with any coordinates X.
Assuming the beam width is b , then according to Winkler there is a foundation

reaction acting on the cross-section at coordinate x :

P(x,t)=k,bW(x,t)=kW(x,t) (2.59)

Tl | T

al "~

Figure 2.8 7(a) - Winkler foundation model, (b) - Description of forces acting on
beam elements
O°W(x,1) LB o'W (x,1)
or? p o'

In which: EI ( Nm ?) is the bending stiffness of the rail beam, O ( kg/m ) is the mass
density of the rail beam per unit length.

Equation (2.67) is the free oscillation equation of a homogeneous beam with a constant
cross-section lying on an elastic foundation with foundation coefficient k =k ¢.b .

In the case of a beam loaded according to the distribution g(x,#) (N/m), we obtain the
differential equation of oscillation of the beam:

+£W(x,t):0, 0<x<L (2.67)
Y%
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2 4

0 W(zx,t)+ﬂ6 W(f’t)+£.W(x,t) =lq(x,t) (2.68)
:’Q 1_! ;—9 P Ple -
53 = = = 2

Figure 2.9 8Beam model on elastic foundation bearing distributed load ¢q(x,?)
The general solution of the differential equation (2.67) is found by the method of
separation of variables.

W(x,1)=) [A,cosw,t+B,sin a)nt]{Cn cos%x +D, sin %x} (2.69)
n=1

In which: A ,B,-are coefficients determined from initial conditions;
C,.D,- are coefficients determined from the boundary conditions at x=(0and
x=L.
Substitute (2.69) into (2.67) to get:

. 4
Z -} _,_E(E] +£ [A,, cosat+B, sina)ﬂt]{Cn cosﬂx+D" sinﬂx} =0
p\L P L L

n=1

and since the expression is true for all Xand 7, we get: - _ EI ( nz I + k n=12
T > ,2,...

(2.70)

2.3.2.4. Differential equation of oscillation of a beam on an elastic foundation, with two

supporting ends, subjected to a load q o =a+bt moving at a constant velocity v(m/s) along

the beam

Consider a beam on an elastic foundation bearing a load ¢ ¢ =a+bt moving at a constant

velocity v (Figure 2.10)

Figure 2.10 9Calculation model of elastic foundation beam vibration under load
q o=a-+bt moves with velocity v
Using the Dirac Delta function, the load distribution on the beam in this case has the form

q(x,t) = (a+bt)o(x—vt), leading to equation (2.68) having the form:
2 4
W) ELOWD Ky (ath)
ot p Ox P

S(x—vr) (2.71)
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Find the solution (2.71) in the form: -
W,H= T(0).X,(x)

(2.72)
Since the boundary conditions need to be satisfied: W(O): W( L) =0; W(O) = W( L) =0
(2.73)

W(x,t):ZZ(t)sin%x

i=1

leads to (2.74)

Substituting (2.74) into (2.71) gives:
o | ., . 4 .
St ﬂ(ﬂj S p | sindT @t 5 2.75)
i=1 p\L P L P

Multiplying both sides of (2.75) by ; % , then integrating over the segment [0} L] and

paying attention to the properties of the Dirac Delta function, we get:
- ¢ L 2.76
TH-{EI(MJ +k]Tﬂ :2(a+bt)J‘5(x—vt)sinn—7Lmdx:2(a+bt)sin%vt ( )
0

p\L) p pL pL
Equation (2.76) has the form: T +@!T, =(A+ Bt)sinQ,t 2.77)
In which w - |E ( nz )“ Lk the natural oscillation frequency of the beam; , _ n7vis the
“NelL) p St
forced oscillation frequency and , _ 2a . p_ 2b (2.78)
pL’ pL
The general solution of (2.77) will be:
2.
T,=A coswt+B,sin a)nt++ (A+Bt)sin Qnt—mi"Bcos Qt 2.79)
(@} -2) (0] -<2)
This leads to the solution of (2.71) being:
W(x,t)= i {A,cosmt+B,sina,t + (K, +M,t)sinQ,t+N, cosQ,t}.sin % x (2.80)
n=l1
In which: 2a 2b 4Q.b (2.81)

n 24 T

R R o R P

2.3.2.5. Differential equation of oscillation of a beam on an elastic foundation subjected
to three loads q, =a,+bt, q,=a,+bt, q,=a,+byt at different positions, the loads
moving at constant velocity V along the beam.

Consider a beam placed on an elastic foundation carrying three loads g, =a, +bt ,
q,=a, +b2t s gy =a,+ b3t the loads are spaced as shown in (Figure 2.11) and they move

along the beam at a V constant speed.
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Figure 2.11 10Calculation model of beam oscillation on elastic foundation,
subjected to 3 changing concentrated loads q 1,q 2, q 3and moving on the beam
with constant velocity v .

Using the Dirac Delta function for the distributed load on the beam, the differential
equation of vibration (2.71) of the beam in this case has the form:

82W(xt) EI3'W(x,1) Kk
W () =
o T, T, (2.82)

= l[ql&()c—vt) +q,0(x+d, —vt)+q,0(x+d, —vt)]
P

To satisfy the boundary condition (2.73), we find the solution (2.82) in the form:

W(X,t)=ZTn(t)sin%x (2.83)

n=1

Then T ,, will be the solution of the equation:

.. 2

T +0’T = sin— vt+ sm— vt—d,)+ sm— vt—d (2.84)
n non pL |:ql L q2 L ( ) 513 L ( ):|

Equation (2.84) becomes: T, = Z( )Sm Q iz ) (2.87)

The general solution of (2.87) has the following form:

T,(t)=A,cosmt+B, sinw,t+
L $= o7\ . 20D
+(w2_92)§{(a, +b,.t)sm(Q” t—cl.)—( Y )cos(Qnt c)}

leads to the general solution of (2.82) of the form:

W(x,t) = Z{A” cosw,t+B, sinw,t +ﬁ;[(ﬁ, +b, t)sin (Q,t-¢)- (2.89)

_ (;}?ngi ) cos(Q, t—c, )Hsin %x

Let (2.89) satisfy the initial condition oW

‘;:0_ ’ E

(2.88)

, We get:

=0
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A, = (wz 192) Z}:{a sinc,+ (;ﬁﬂgz)wsq} (2.90)

n

n

! o N R
B, = a)”(wf—ﬂi);{b sinc,— a,Q, cosc,+ (wf—nﬂlﬁ)smc’}

2.3.3. Equation of horizontal oscillation of the carriage (oscillation of the wood sawing
plane) during the wood cutting process

2.3.3.1. Horizontal oscillation amplitude of the saw blade at a point with height h relative
to the plane of the two rails

Figure 2.12 11Model of vibration of the carriage during the wood cutting process

A wood carriage (in a sawmill line using a vertical band saw) is arranged to run on two
rails of the same width b (m) and they are spaced d ( m) apart ; the loads Pi 4 points
A (i=1+6)on the wheel axles are spaced as (Figure 2.12). The rails have length L ( m) and
constant bending stiffness EI . The rails are placed on a concrete foundation with elasticity
coefficient k o (N/m ).

Choose a coordinate system with the x- axis - in the direction of the rail and the z- axis
- downward. The saw blade position is at M, with coordinates (X .,u,-h) (height h compared
to the plane of the two rails). The wooden cart moves at a constant velocity v (m/s).
According to the calculation in part (2.1.1), the forces acting on the rails at the points of

contact with the wheels have the form: Fi=a+ bi 4

Let @ be the rotation angle around the axis X of the wood slot plane, resulting in:

WOX,,n-WP(X,,1)

tan p= (2.95)

Figure 2.13 12Model for calculating angle ¢ — rotation angle around the Ox axis of
the horizontal plane
If the oscillation is small there will be fan @ =@, So:
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o) = éi sin % X, (A,‘,” -A® ) cosm,t +(Bf,” -B? )sin o+
n=1

20 (l;‘” _5(2))
;COS(Qn t-c;)

(@ -2)

(2.96)

1 2 —( —(2 - a .2 . -
+7(w3 —Qi); (a,( —a® + (b b ))t)sm(Q” -¢)-
The horizontal oscillation amplitude of the saw blade at point - with height h above the
rail surface will be:

A=ho(t) (2.97)
In expression (2.96), the right-hand side is a function series. If Q) # @, (when no resonance

occurs), then the coefficients are infinitesimally small on the order of Lz when 711 —> O
n

, so the series converges uniformly for all X and 7 . Therefore, when calculating, we will
take the sum of a finite number of terms and can evaluate this error.
2.3.4. Resonance test

Equation (2.97) - represents the amplitude of horizontal oscillation of the saw
plane at a point of height 4 - resonance phenomenon (or beat phenomenon) will occur if
the natural oscillation frequency @), coincides (or is close to) the forced oscillation

frequency Qn . From the expression in (2.94), in order for o, =Q, (i.e. when the resonance
EI (nﬂj k
Lifnz) K
2 [ p\L P
()
L
(2.98)

Thus, the beat phenomenon will occur if the velocity of the carriage is in the vicinity
of the values indicated in (2.98).

phenomenon will occur) the velocity V must be satisfied:

Calculating with EI=30x10°Nm*; p=40 kg /m; L =15 m;

k=6x10" N/m’  from (2.98) we will get the values of v (m/s) corresponding to the mod
n for resonance to occur, the calculation results are recorded in (Table 2.1).

parameters

Table 2.1 1The speed v of the carriage for resonance to occur corresponds to the

mod n
mod | @, =€, v(m/s) | mod (n) @, =<2, v(m/s)
(n) (Hz) (Hz)
1 389.2 1858.1 6 1421.4 1131.1
2 416.0 993.2 7 1901.3 1296.9
3 516.6 822.2 8 2461.9 1469.3
4 720.7 860.3 9 3101.3 1645.3
5 1025.6 979.4 10 3818.5 1823.2

According to the results obtained in Table 2.1, it can be seen that the resonance
phenomenon occurs at the smallest velocity of 822.2 (m/s) (with mod n=3). Therefore,
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with the velocity of the carriage only in the range of 0.09 - 0.25 (m/s), resonance cannot
occur.
2.4. Carriage brake mechanism and dynamic calculation model when braking
2.4.1. Vehicle brake mechanism
Because the carriage has a large mass and runs on rails, even though it moves at a

low speed, if a brake system is used to clamp the wheels, the carriage will still slide on the
rails when braking. Therefore, here the carriage brake will be used with a cable pulling
back when braking.

The carriage brake mechanism consists of a steel cable connecting the carriage to the
cable pulling system located at A - firmly attached to the ground as shown (Figure 2.14).

Steel cables are braided with steel strands, each steel strand is braided with steel fibers.
Note that, because they are braided with fibers, when pulling the cable, there will be self-
stretching (until the fibers and strands make the cable tight), at that time the cable pulling
force will have an impact on the brake. The self-stretching of the cable is evaluated through
the coefficient A , that is, if the cable has an initial length L o (m) , after self-stretching it
has a length L 4(m) , then we get:

a=bh (2.99)
L0

The brake cable pulling system is required to start and work in a very short time (<<
1s), so it should be designed with a hydraulic system. The brake cable pulling system
creates a cable pulling force so that the brake cable moves with an acceleration a ¢ .
2.4.2. Calculation model of vehicle braking dynamics

Suppose during the process of sawing wood, the car moves in direction AB, when it
reaches B, the car brakes.

@ E [_:d—, “_ﬁ:‘" £ - @z,

L . L

¢ théez bro 3¢ goong Bemgzav &2 2ocas Er Sonz ée cip phask
Figure 2.14 13Dynamic calculation model when braking a carriage
In fact, when starting to brake, the brake cable moves in the direction BA with
acceleration a . Because at the initial moment the brake cable has a velocity of 0, after

time ¢ ¢, the brake cable is rolled onto roller A with a length of: L at;

cuon 2
(2,107)
With initial length L o, the cable has self-stretching length: 7, =A.1,
(2.108)
During braking, the following situations may occur:
2 272
If Ax() < Ldan - L('u(m = /1[10 - akzt(] <=> V2 < —Zg .kmsﬂ L() (2'109)

‘T (gkm& +ak)
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then no brake needed (brake not working)
2 272
- Lcuun = A’LO - akto « V(f > 2g k"’”l Lo (2,1 10)
2 (g kms + ak )

A > L,

lan

then the brake will work.
2.4.3. Establish the dynamic equation of the carriage during braking

As analyzed in the model of calculating the dynamics of the carriage during the
movement and braking process in the above section, let v o be the velocity of the carriage
at the beginning of braking, then there are two cases that occur:

: : 28° k> AL
+) The car will stop before the brakes take effect if: |2 < 8 Kuwtly (2.111)
‘ (gkmx + ak )
2g° k. AL,
(gkms +a, )
Construct the dynamic equation for the vehicle in the process of satisfying condition

+) The braking process is effective if: vj > (2.112)

(2.112) . Then the vehicle drifts to the time ; (with [; <I) when the vehicle brakes start

to take effect. The value that 7, satisfies the equation:

2 2

t at
Ax] :_kmsg'é-'_votl :/1[‘0_% (2’113)
ko o—
or: _MI’Z tut,~ AL, =0 (2.114)
We have the total distance the cart travels from the time it starts braking until it stops:
Ax = Ax, + Ax, (2,140)
And the force required to pull the brake: f ,=0.S=E¢.S=E.S & (2.141)
pi
L

1

2.5. Building a motion controller with the addition of a brake component

In section 2.2, the thesis has built a motion controller for the carriage, however,
because the system has very large inertia, the PD controller to compensate for friction will
cause calculation errors when stopping (at point D). At the same time, this controller will
not work when the system has a problem and needs to stop urgently (in case of broken saw
blade, case of deviated saw circuit ...).

To overcome this problem, the thesis proposes to add a brake component to the
controller. The motion controller diagram when adding a brake component is shown in
Figure 2.15.

Quy dao
chay thuc

Figure 2.15. Motion controller with added brake component
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Above (Figure 2.15) shows the motion controller with the addition of the brake
component. The controller structure includes the PD control component compensating the
friction component with equation represented in (2.37) and the brake supplement
component with equation represented in (2.141). The two dynamic locks K ; and K ; are
opened and closed in the following cases:

- In normal case K ;=0 (open), K =1 (closed). Then the controller equation is:
F =K, e—K,x+mgu (2.142)

Chapter 2 Conclusion

1. Built a model, established equations and algorithms to control the movement of the
carriage during the automatic wood cutting process.

2. The horizontal oscillation model of the wood sawn joint plane has been built, the
horizontal oscillation equation of the sawn joint has been established and the solution has
been found in analytical form. The results obtained expressions for the natural oscillation
frequency and forced oscillation allow checking the resonance of the oscillation of the rail
beam, this research result is the basis for investigating the horizontal oscillation of the
sawn joint to determine the construction parameters, installation of the carriage track
foundation

3. The model has been built and the dynamic equation of the carriage braking process
has been established when the carriage encounters an accident. The motion control
algorithm has been built when adding a braking component. This result is the basis for
investigating the braking dynamics to propose a safe carriage braking system when in use.

CHAPTER 3 SURVEY OF DYNAMIC EQUATIONS
AND TRAIN CONTROL SIMULATION
DURING MOVEMENT, BRAKE

The simulation results will provide parameters to control the carriage to move at speeds
appropriate to each type of wood and the size of the sawn log, ensuring proper sawing
techniques and achieving the highest productivity.

3.1. Investigation of the horizontal oscillation equation of the saw circuit
Equation representing the horizontal oscillation of the sawn wood circuit (2.96)

o= qu —=X.4 (AP =AP)coswt+(B - B )sinw,t +

n=l1

I ZQ” (E’_U) _E(Z))

+ﬁi (@ =a®+ (5" =5 )t)sin(@, t—a)—wcos(gu t—q)]}
. o -Q,

(a),, - Q,, ) i=1

Inthere:z —0 7, =24 5, ="24,
L L
51(1) :%; [;1<1> :% : a—2<1> b(l) 2b, ,—3(1) as ;[1(1) :2_55 :
pL pL pL pL pL - pL
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—) _ 2a, b _2_b2 . Z® _% - p _% . Z® _% - p _% .
» - ’ 2 - s U - s U3 - » U3 - s
pL pL pL pL pL pL
(m) 1 | —m) ™
A™ = a™ sinc,+ " __cosc
S | e
B™ 1 igm c—a™0 ~, 2 b, = 1.2
W sine.—a. "Q cosc.+—2-"—sinc. |; m=lI,
n a)n (a): —Qi) — i i i n i (a)j —Qi) i
4
wj:ﬂ(ﬂj oKy
p\ L Yol L

The amplitude of horizontal oscillation A is calculated according to A = h.(t)

Figure 3.1 1Horizontal vibration amplitude of wood cutting circuit

Calculate with the parameters in Table 3.1 and the loads placed at the points Ai :

P =10kN; P, =9kN;P3 =8,5kN;P, =9,2kN;P5 =10,5 kN;Pé =10,2 kN ;
The number of terms taken from the total N=30 . The calculation results of the horizontal
oscillation amplitude at M located on the saw blade plane with height h=17.2 (m) are shown

in (Figure 3.1) with two cases: EI=30x10°Nm’; k=12x10" N/m’and

El =80x10°Nm®; k= 17x10°N/n’.

The calculation results in a period of /20 s (time to cut a 6 m long log ) show that the
horizontal oscillation amplitude at the point on the saw plane ( 1.2 m high ) reaches the
maximum value of 1.5 mm in case (a) and 0.82 mm in case (b) (Figure 3.1)

Comment:

From the survey results for two cases when increasing the value of EI as well as
increasing the value of k, the maximum horizontal oscillation amplitude will also decrease.
To be able to evaluate the reduction level of the horizontal oscillation amplitude of the saw
blade when increasing the values of EI and k ¢, the next section will calculate the maximum
horizontal oscillation amplitude corresponding to the pairs of values EI and k o change .
3.2. Investigation of the influence of parameters EI and k o on the maximum value of
the amplitude of horizontal oscillation of the saw blade
3.2.1 Investigation of the dependence of the maximum value of the horizontal oscillation
amplitude of the slit circuit on the parameters EI and k ¢

In wood sawing technique, the horizontal oscillation amplitude of the sawing plane
is only allowed within a very small limit ( < /.5 mm ). Therefore, in the design and
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construction of the wood sawing line, it is necessary to choose appropriate parameters to
ensure technical requirements during the sawing process. Note that, from formulas (2.93)
- (2.97), when the parameters of the carriage are fixed, the horizontal oscillation amplitude
of the sawing plane depends on the parameters EI - the bending stiffness of the rail and
o- the elastic stiffness of the foundation.

For each pair of values EI and k o, the maximum value of the horizontal vibration
amplitude of the sawn surface will be obtained. These results are recorded in (Table 3.2)
with a graph (Figure 3.2) showing the relationship between the maximum horizontal
vibration amplitude A and the bending stiffness of the rail EI and the foundation coefficient
k o . From here, it is possible to choose pairs of values EI and k o so that the horizontal
vibration amplitude of the sawn surface is within the allowable limit during the sawing
process.

Table 3.2 IMaximum value of oscillation amplitude A(mm) in the horizontal
direction of the saw plane for each pair of values EI and k =Kk o.b.
Calculate according to the parameters in Table 3.1 and with v = 0.15 m/s; b o= 0.1 m

EI.]IO® k.10°(N/m’)
2
(Nm™) 12 13 14 15 16 17 18
30 1,501 1,428 1,335 1,237 | 1,194 | 1,146 | 1,081
35 1,449 | 137 | 1,286 | 1,213 | 1,152 | 1,086 | 1,046
40 1,414 1.31 1,252 1,182 | 1,126 | 1,076 | 1,023
45 1,358 1,292 1,225 1,152 1.09 | 1,043 | 1,001
50 1,339 | 1,248 | 1,208 | 1,136 | 1,084 | 1,022 | 0.972
55 1,298 | 1.25 | 1,161 | 1,105 | 1.06 | 0.999 | 0.956
60 1284 | 12 | 1,131 | 1,075 | 1,036 | 0.983 | 0.939
65 1,247 | 1.18 | 1,111 | 1,063 | 1,004 | 0.963 | 0.925
70 1,226 | 1,155 | 1,094 | 1,038 | 0.994 | 0.939 | 0.905
75 1212 | 1,129 | 1,079 | 1,015 | 0.98 | 0.925 | 0.9
80 1,183 | 1,127 | 1,066 | 0.994 | 0.948 | 0.92 | 0.888
85 1,175 | 1,109 | 1,052 | 0.991 | 0.945 | 0.908 | 0.839

Figure 3.2 2Graph of the relationship between the maximum horizontal vibration
amplitude A(mm) and the bending stiffness of the rail EI (Nm ?) and the stiffness
coefficient of the foundation k=k b (N/m ?)
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3.2.2 Determine the depth h of the concrete foundation for installing the carriage

When designing and installing the foundation and rail beam system for carriages, from
the choice of the bending stiffness of the rail beam EI , using (Table 3.2), we can determine
the concrete foundation coefficient that needs to be at least k o so that the maximum
horizontal oscillation amplitude of the split joint does not exceed 1 mm.

When knowing the length L , width R of the concrete block of the foundation and the
coefficient of the ground under the concrete layer is k 4, we need to determine the depth h
of the concrete foundation layer so that the overall foundation coefficient reaches k > k ¢.

When placing a uniformly distributed load with intensity q “ (N/m ?) on the surface of
the concrete foundation. Let the deflection at the midpoint O on the concrete foundation

be y 0> then the foundation coefficient at O will be:

W . (3.1)

[
Yo
According to the Winkler foundation model, the foundation reaction r(x) at each point
is proportional to the elastic settlement at that point, that is, r(x) = k ¢ .Ry(x). The
foundation reaction r(x) can be considered as a continuous, non-uniform and upward load,
so we get the differential equation for the deflection of the bent beam:
d’y(x) (3.2)

4
X

EI, +k,Ry(x)=q

| | |
LA | fef L LL
7Z},'/ rrrrrrrig i /'/i_/.7f

Figure 3.3 3Model of a beam bearing uniformly distributed loads on an elastic
foundation

Thus, if choosing a rail beam with steel material and cross-sectional shape to achieve
bending stiffness of EI = 75.10 * Nm 2, requiring the joint to have the largest horizontal
oscillation amplitude of 1 mm, then the foundation (soil, concrete) must have a foundation
coefficient of at least k > k o= 16.10 ® N/m 3. With the concrete foundation size with length
L=16 m, width R=2.2 m, the following results will be obtained:

a) With M300 concrete according to TCVN 5574:2018 with elastic modulus E ,=28.75

MPa, the ratio ﬁcorresponding to the ground coefficients k 4 under the concrete layer
k()

(medium dense sandy soil according to Bowles) is shown in the graph (Figure 3.4). From
the above graph (Figure 3.4), it can be seen that: if the ground coefficient increases, the
thickness of the concrete layer will decrease. For example, & _ ]with k 4= 8 kN/m 3, the

0

M300 concrete layer needs a filling depth of h , = 0.88 m; and with k 4= 14 kN/m ?, the
M300 concrete layer needs a filling depth of h ,= 0.7 m.



23

Figure 3.4 4Ratio k according to the filling of M300 concrete layer corresponding
k

0
to soil layers with foundation coefficients k

b) With the subsoil layer having a foundation coefficient k 4= 10 kN/m 3, the ratio ﬁ

k
corresponding to concrete layers with different grades (according to TCVN 5574:2018) is

shown in the graph in Figure 3.5. From the graph above (Figure 3.5), it can be seen that:
if the concrete grade increases, the thickness of the concrete layer will decrease. For

0

example, for ﬁ — 7a M200 concrete layer, the filling depth h , = 0.88 m is required; and
k{)
for an M400 concrete layer, the filling depth h , = 0.8 m is required.

Figure 3.5 5Ratio — according to concrete layer filling with different Mac (when

0
the underlying soil layer has a foundation coefficient k a= 10 kN/m 3)
3.3. Investigation of the influence of the speed of the wood carriage on the maximum
value of the amplitude of horizontal oscillation of the sawn joint

The calculation results of the maximum amplitude of horizontal vibration of the wood
sawing circuit and the wood cutting force according to the moving velocity of the wood
carriage are recorded in (Table 3.3) and the graph showing these dependencies is recorded
in (Figure 3.6).

From this calculation result, it can be seen that when the velocity is between 0.01 m/s
and 0.07, the maximum horizontal oscillation amplitude of the saw blade will increase
with the same velocity. When the carriage velocity is between 0.07 m/s and 0.2 m/s, the
maximum horizontal oscillation amplitude of the saw blade does not change much when
the carriage velocity changes, they are almost at the same level.
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Table 3. 2Maximum horizontal oscillation amplitude of sawn wood according to
the values of wood carriage speed at pairs of values (ELk=k ob)

6 2
EL10 _(Nm ) 30 60 40
k103 (N/m?)= 17 15 13
Max Amplitude Max Amplitude Max Amplitude
v(m/s)
(mm) (mm) (mm)
0.03 0.86 1.01 1.23
0.04 0.90 1.05 1.27
0.05 0.92 1.08 1.31
0.06 0.94 1.09 1.34
0.07 0.94 1.10 1.35
0.08 0.94 1.11 1.36
0.09 0.93 1.11 1.36
0.1 0.93 1.10 1.36
0.11 0.93 1.10 1.36
0.12 0.93 1.11 1.37
0.13 0.93 1.11 1.36
0.14 0.93 1.11 1.36
0.15 0.94 1.11 1.36
0.16 0.94 1.11 1.36
0.17 0.94 1.11 1.36
0.18 0.94 1.11 1.36
0.19 0.94 1.11 1.35
0.2 0.94 1.11 1.35

Figure 3.6 . Graph showing the maximum horizontal oscillation amplitude of the
saw blade at different velocities at pairs of values of El and k o.
Comment: The maximum horizontal oscillation amplitude of the saw blade will increase
nearly linearly with the velocity when the carriage velocity is in the range v = 0.03 — 0.07
m/s and will remain almost unchanged when the carriage velocity is in the range v = 0.07

—0.2 m/s.
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3.4. Survey, evaluation of dynamics and control of carriage motion through
simulation

3.4.1. Carriage operating assumptions used for simulation
According to technological requirements, parameters of the carriage model:
F, =mx+Box+mg,u(3.lo)

5 _850KBL,
with Y and parameters defined in Table 3.4

From the above assumptions, calculate the x coordinate values of the cart when
moving in the direction of sawing wood ( equation (2.30) ) and when moving back to no
load ( equation (2.34) )

Table 3.4 3Wagon model parameters and motion requirements

STT | Parameters Unit Value Note

1 L car m 0.5 Height of the slit

2 K N/mm? | 36.15 | Specific shear resistance

3 b. mm 2.5 Width of sawn wood

4 v /s 015 Wagon speed (also the speed of pushing the
log)

5 Mg kg 6000

6 mg kg 500

kmvdb + ktdf

7 u 0.01 = p k,
Coefficient of motion drag, b

8 L 4 Length of sawn log

9 Li=L; 05 Dlstal.we between segment AB and CD —
unsplit segment

10 a max m/s 2 0.04 | Limit acceleration of carriage motion

3.4.1.1. Calculate parameters in the vehicle moving mode in the direction of sawing
wood
Calculate with the parameters in Tables (3.1) and (3.4), and with:

L=4(m); v=0,15m/s); L =0,5(m) (3.11)

a) Call a ; and ¢ gis the acceleration and time of the vehicle's motion on section AB,
according to (2.30) we get the equation of motion of the vehicle on section AB:

a
x=—*;0< 1<y,
2

(3.12)
Iy = % S = LZ
according to (2.26) we get: v 2L, (3.13)
Substitute (3.11) into (3.13) to get:
t, =20 L 6.67(s): a,=0,225 (ﬂz)
3 s (3.14)

2
Ay = 0,04 > 2—=0,0225
2L,

Satisfy the condition: (3.15)
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Because on the AB section, there is no resistance to cut the wood, so from (2.35), the
traction force of the car F ;_sg need to satisfy the equation:

F, .y =ma +mgpu (3.16)
b) On section BC, because the car moves at a constant speed v and there is a resistance to
cutting the wood, we have the equation of motion:

L
x= Li+v(t—ty) ; ty<t<t.=t, +—=

Vo 317)
and the traction force F ;_gc must satisfy the equation: Fy ge =By +mgut
(3.18)
with m=(m, +m,);(kg)
_ 850.Kb,L,, ( N.s j
0 V. ’ m
v, = Do, N (m/s)
60 , (3.19)

¢) On segment CD, because the car moves gradually decreasing with acceleration -a ; and

there is no resistance to cutting the wood, we get the equation of motion:
x=L+L+v(i—1)=2(1-1,) , 1o <1<t, =1 +1,

2 (3.20)

and the traction force F x_cp must satisfy the equation:

3.4.1.2. Calculate parameters in the mode of the vehicle moving backwards and not

cutting wood

The equation of motion of the cart in reverse mode without cutting wood according to

(2.34) has the form:

3
x:Hl(z—tﬂjt—Hz(t—tﬂj —£; 0<r<t,, = /G—L
2 2 4 a
(3.22)
’3La a ,2(1 6L
Hl = max ’. H2 = max max ’. tl)A =
In there 8 6 V3L \ G

Where a imqy is the limiting acceleration of the carriage's motion.
Leads to:

2
sz][t—%j—i(t—%j ; 0<t<t,, = /6—L
3 G (3.23)

Equations (3.22) and (3.23) satisfy the condition:
{x(O):O s X(ty, )=L
H0)=0 7 a15,)=0 (3.24)
The carriage traction force F x_ps must satisfy the equation:
6L

G (3.25)

mH, (t
F ph= 6~(%_t)+mg,u ;0<t<t, =
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3.4.2. Simulation results
Use Matlab-Simulink software to set up the simulation program, with the system

block diagram described in Figure 3.7.

o«

.-

| . < $ . - .- v -
-

Quy dao dat B9 diéu khién 1 Xe goong

Figure 3.7. Block diagram of Matlab-Simulink being built
Q is the input trajectory block according to (3.20) or (3.22); F is controller 1 with
control law in (2.37); M is the carriage model described by the dynamic equation.
3.4.2.1. Simulation with the case of moving sawmill when sawing wood
The simulation results of the process of the cart moving forward to cut wood are shown
in (Figure 3.9, Figure 3.10, Figure 3.11, Figure 3.12). On (Figure 3.8) shows the variation
of the x coordinate of the cart over time;

Figure 3.8. Carriage travel mode
(Shows the position of the sawn log placed on the wagon as it passes over the saw
blade)

Figure 3.9. Positional deviation when the carriage moves during the sawing process
(deviation = desired value - actual position)
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Figure 3.10. The moving speed of the cart when moving forward during the wood
cutting process

Figure 3.11. Acceleration of the cart when moving forward during the process of
cutting wood

Figure 3.9 shows the position error between the input value and the actual position of
the carriage over time, the result shows that the largest position error is 0.02 ( m )
corresponding to 20 ( mm ); (Figure 3.10) shows the change in the actual carriage velocity
compared to the set velocity over time. (Figure 3.11) shows the actual carriage acceleration
achieved and (Figure 3.12) shows the traction force of the transmission system that must
be generated to act on the carriage to help the carriage move over time at the desired
positions .

Figure 3.12. The necessary force acting on the cart during the process of moving
forward to saw wood.

3.4.2.2. Simulation with the case of the saw moving backwards without cutting wood

The simulation results of the process of the carriage moving backwards without cutting
wood are shown in the figures from (Figure 3.13 to Figure 3.15). Figure 3.13 shows the
variation in the x coordinate of the carriage; Figure 3.14 shows the position error between
the input value and the actual position of the carriage over time, the largest error is ~ 20 (
mm ); Figure 3.15 shows the variation in the actual carriage speed compared to the set
speed over time .
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Figure 3.13. Reverse cart movement mode when not cutting wood

Figure 3.14. Positional deviation when the carriage moves in reverse without
cutting wood

Figure 3.15. The speed of the cart when moving backwards without cutting wood

Figure 3.16. Required force acting on the carriage during reverse operation
without cutting
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3.4.3. Evaluation of dynamic model and controller through simulation results

From the simulation results in two cases of the cart moving forward to cut wood and
the cart moving backward without cutting wood, the thesis found that there is a certain
deviation in the trajectory between the actual value and the input value of the control
system (PD compensates for friction), clearly shown in (Figure 3.9 and Figure 3.14). This
deviation occurs greatly starting at the times when there is a change in speed ( point B and
point D for moving forward, at this time the speed changes from a uniformly fast motion
after a constant velocity motion, and changes from a uniform velocity to a uniformly slow
velocity; at point F for moving backward, at this time the speed changes from a uniformly
fast motion to a uniformly slow motion ); the maximum deviation of the system in both
cases reaches a value of approximately ~20 mm, At the same time, static deviation also
occurs at the end of the trajectory when the carriage stops, which causes the carriage to not
stop correctly at point D when the carriage moves forward ( stops at point D + 20 ( mm) )
and point E when the carriage moves backward ( stops at point E + 10 (mm) ).

From the survey process during the research, the thesis found that the cause of the
trajectory deviation was due to the system's inertia being too large, the mass of the carriage
with wood m = 6500 kg , causing very large inertia when there was a change in the velocity
of the mechanical system.

To overcome this deviation, the thesis proposes to add a brake system installed on the
carriage to help the system controller have additional tools to support stopping and
adjusting the carriage speed as desired, while helping the quality of the sawing circuit to
be faster when the control system closely follows the set trajectory (which is the desired
trajectory according to the requirements of sawing technology).

3.5. Investigate the influence of brake cable reverse acceleration and brake cable
diameter on the value of braking distance and braking force.

As explained in the first part of section 2.4.1, when calculating the braking force, we
will not take into account the participation of the saw blade resistance force in the braking
process of the carriage.

In fact, the operating speed of the carriage is between 5 — 15 m/min, that is, between
0.085 — 0.25 m/s. Therefore, here we calculate for the case of the carriage braking at
maximum speed: v = 0.25 m/s.

From formula (2.141), we see that the required braking force is proportional to the

length of the segment A)Cz . From (2.139), we see that A)Cz it increases when the mass m

and v 4 0. increases. Therefore, we calculate the braking force required for the case where
the carriage mass m is the largest and moves at the largest possible speed Vv o. 1n order 10 be able
10 choose the diameter @ (mm) of the brake cable as well as the reverse acceleration of the brake
cable a «(m/s ?) during the braking process to suit the requirement that the braking distance
(the distance traveled by the carriage from the start of braking until it stops completely) is
within the allowable limit, we conduct a survey of the equations from (2.106) to (2.141)
with the parameters given above (Table 3.5).
Table 3.5 4used in the carriage brake investigation
Parameters | Unit Value Note
m kg 6500 Vehicle weight + wood
E N/m ? 2.5%10° Brake cable elastic modulus
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0.0033 Self-stretch coefficient of brake cable
Lo m 7 Length of cable section starting to pull the
brake
Vo /s 0.25 Spegd of the carriage when the brakes are
applied
k ms 0.001 Rolling friction coefficient
g m/s 2 9.81 Acceleration of gravity
a m/s 2 4+22 Brake cable reverse acceleration
F mm 10 + 28 Brake cable diameter
Table 3.6 Sdistance (mm), corresponding to each pair of values ® and a
Brake reverse Brake cable diameter - @ (mm)
“;ie(len:j;”f)” 10| 12 |14 [ 16 |18 | 20 | 22 | 24 | 26 | 28
4 75 | 66 | 60 | 55 | 52| 48 46 | 44 | 42 | 40
6 67 | 60 | 54 | 50 | 46 | 44 41 39 | 38 |36
8 62 | 55 | 50 | 46 | 43| 40 38 | 36 | 35 |33
10 58 | 52 | 47 | 43 | 40 | 38 36 | 34 | 33 | 31
12 55| 49 | 44 | 41 | 38| 36 34 | 32 | 31 |30
14 52 | 47 | 42139 |36 34 32 | 31 | 30 | 28
16 50 | 45 |41 | 38 |35] 33 31 30 | 28 | 27
18 48 | 43 |39 |36 |34 | 32 30 | 29 | 27 |26
20 47 | 42 | 38 | 35|33 | 31 29 | 28 | 26 |25
22 46 | 41 37 134 32| 30 | 28 | 27 | 26 |25

Table 3.7 6Brake traction force value (N) corresponding to each pair of values ®

and a k
ar(m/s T (mm)
2) 10 12 14 16 18 20 22 24 26 28

4 1659 | 2055 | 2458 | 2867 | 3280 | 3696 | 4116 | 4538 | 4962 | 5388
6 1487 | 1845 | 2211 | 2582 | 2957 | 3336 | 3718 | 4103 | 4490 | 4879
8 1373 | 1705 | 2045 | 2390 | 2739 | 3093 | 3449 | 3808 | 4169 | 4532
10 1289 | 1602 | 1922 | 2248 | 2578 | 2912 | 3249 | 3588 | 3930 | 4274
12 1223 | 1521 | 1826 | 2137 | 2452 | 2770 | 3092 | 3416 | 3742 | 4071
14 1170 | 1456 | 1748 | 2046 | 2349 | 2654 | 2963 | 3275 | 3589 | 3904
16 1125 | 1401 | 1683 | 1970 | 2262 | 2557 | 2856 | 3157 | 3460 | 3765
18 1087 | 1354 | 1627 | 1905 | 2188 | 2474 | 2763 | 3055 | 3349 | 3645
20 1054 | 1313 | 1578 | 1849 | 2123 | 2402 | 2683 | 2967 | 3253 | 3540
22 1025 | 1277 | 1535 | 1799 | 2066 | 2338 | 2612 | 2888 | 3167 | 3448
Suppose the wood sawing system requires the carriage braking distance not to exceed
30 mm, if the brake cable has the values E and A as in (Table 3.5), then based on (Table
3.6), we must choose the diameter of the brake cable @ > 22 mm and design the brake
system to achieve the acceleration a i corresponding to @ above (Table 3.6) and the




32

corresponding traction force above (Table 3.7). For example, if ® = 22 mm, the brake
system must achieve the acceleration a x> 20 m/s 2 and the braking force F > 2683 N.
Chapter 3 Conclusion

1. The results of the survey of the horizontal oscillation equation of the saw blade plane
have given (Table 3.2) a pair of values ( EI, k ) corresponding to the maximum horizontal
oscillation amplitude of the saw blade. This allows for a reasonable selection of the pair of
values of the two above parameters during the foundation processing and rail installation
in the saw blade production line system to satisfy the condition that the maximum
horizontal oscillation amplitude of the saw blade is within the allowable limit.

2. From the survey results in the graphs Figure 3.4 and Figure 3.5 with (Table 3.2), for
the horizontal oscillation amplitude to be within the allowable value, the filling depth % ,
of the concrete layer of the carriage track foundation will depend on the concrete grade
and the ground coefficient k , (under the concrete layer): When k ;= 8 KN/m ?, concrete
grade M300, the thickness of the concrete layer poured for the automatic wood sawing
carriage track foundation is 4 , = 0.88 m ; When k 4= 14 KN/m 3, concrete grade M300,
the thickness of the concrete layer poured for the automatic wood sawing carriage track
foundationis h = 0.7 m .

3. If the distance between the two rails increases, the amplitude of oscillation of angle
¢ will be smaller, leading to the horizontal oscillation amplitude of the slit track will be
smaller. The maximum horizontal oscillation amplitude of the slit track will increase
almost linearly with the speed when the carriage speed is in the range v = 0.03 - 0.07 m/s
and almost unchanged when the carriage speed is in the range v = 0.07 - 0.2 m/s .

4. The survey results on carriage braking have provided lookup tables on the
relationship between the braking distance and the parameters of the brake cable diameter
@ and the braking acceleration a i (Tables 3.6; Table 3.7). From the survey results, the
parameters for carriage braking are determined as follows: If the diameter of the carriage
braking cable is @ = 22 mm , the braking system must achieve a traction acceleration a
> 20 m/s ? and a braking force F' > 2683 N.

CHAPTER 4
EXPERIMENTAL DETERMINATION OF SOME PARAMETERS AND
VERIFICATION
THEORETICAL CALCULATION MODEL

4.1. Objectives and objects of experimental research

The thesis conducts experimental research because it is necessary to have
experimental research results to compare with the calculation results according to the
theoretical model, from which the practical suitability of the theoretical calculation model
that has been built can be assessed.

Based on the above reasons, the thesis conducts experimental research with the
following objectives and tasks:
4.1.1. Objectives of experimental research

- Experiment to give the values of some parameters: foundation coefficient k ¢, self-
expansion coefficient of traction cable and brake cable.

- Through experimental data, determine the amplitude of wood sawing oscillation;
compare the results obtained with the results calculated through theoretical models and
draw conclusions.
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- From the experimental results, evaluate the reliability of the established calculation
model.

4.1.2. Experimental research subjects

The experimental research object is the automatic wood sawing system by the state-
level project " Research, design, manufacture of automatic wood sawing equipment line
with capacity of 3-4 m3/h of finished wood " code DTDL.CN-10/16 has designed and
manufactured an automatic wood sawing line. The experimental location is at Vietnam
Specialized Equipment Joint Stock Company.
experimental parameters
4.2.1. Select the research objective function

For the wood sawing system to work effectively, the amplitude of sawing circuit
oscillation must only be within the allowable limit. Therefore, one of the experimental
research objectives of the thesis is the amplitude of sawing circuit oscillation in the
automatic wood sawing system using vertical band saw.

The thesis also chooses the experimental research target of the carriage braking system.
Although the carriage runs at a low speed, but because the carriage runs on the rail and has
a large mass, the inertia force will make the carriage move with a distance Ax after
braking . The experiment is to verify: with the design parameters and installation of the
foundation system and the carriage, Ax does it meet the requirement of less than the
allowable travel distance of the carriage after braking?

4.2.2. Select parameters that affect the objective function

The concrete foundation coefficient k o depends not only on the concrete grade but also on
the depth, horizontal and vertical width of the foundation, so it is necessary to measure
directly by the method: Field compression table test according to TCVN 9354:2012.

Because the carriage brake cable is a multi-strand cable braided together according to
the cable strands, there is always a self-stretch of the cable, that is, before the phenomenon
of cable stretching occurs according to Huc's law (due to the stress not appearing in the
cable strands), the cable is stretched due to being stretched (under the effect of tensile
force); the stretched cable section AL (due to the cable being stretched) will be
proportional to the initial cable length L o according to the self-stretch coefficient A , that
is: LoAL .1)

0
Summary : In this thesis, some parameters are selected for experimental measurement,
which are the foundation coefficient k o and the cable self-expansion coefficient A. These
are parameters that must be known when installing the sawing line, so they need to be
calculated accurately so that the oscillation amplitude of the wood sawing circuit is within
the allowable limit when the sawing line system is operating .
4.3. Experimental method for determining the foundation coefficient k o and the cable
self-expansion coefficient L
4.3.1. Experimental determination of the foundation coefficient k ¢

Soil compression table tests are performed at designated locations to find out the actual
settlement of the foundation under given loads.
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Formula for determining the background coefficient & ¢: k=P P
0~

4.2)
in which: p ;, p > is the experimental compression pressure level with corresponding
settlement s ;, 5 2.
4.3.1.1. Field compression table testing process
+ Loading process :

Loading according to 10 pressure levels (0.0 —0.06 —0.12-0.18 - 0.24 - 0.3 - 0.36 —
0.42 - 0.48 — 0.54 — 0.6 kg/cm?2 . In each loading level, record the position of point B' on
the screen to calculate the distances BB' for each time. The load holding time of each
loading level and allocated to record point B' on the screen: 10 minutes - 10 minutes - 10
minutes - 15 minutes - 15 minutes - 30 minutes - 30 minutes - 30 minutes - 30 minutes.
Deloading is also according to 10 levels. The deloading time of each level is 30 minutes
and is allocated to record the meter reading as follows: 10 minutes - 10 minutes - 10
minutes.

Figure 4.1 1Description of experimental equipment for field compression table
using static loading
(a)- When the compression table is not loaded yet; (b)-When the compression table is
loaded;
4.3.1.2. Processing experimental measurement results
The measured data during the loading process at 10 levels are recorded in (Table 4.1)
in columns (1) and (2). The description of the calculation of the foundation coefficient & ¢
according to the experimental measurement arrangement is presented above (Figure 4.2).

Figure 4.2 2Model for calculating the background coefficient k o according to the
experimental measurement layout
With the arrangement of experimental equipment leading to the above calculation model

i . h  _ . au
(Figure 4.2) we get the formulas: Set * _ , => x:a[l— 1 J,d =

b J+u? \/1+M2

=> settlement § =+/c¢> —x* +d —c, witha=c =10 cm, b = 200 cm
Table 4.1 1Results and data processing of the compression table loading process
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Compressiv Ko Ko- step
e pressure p | h(mm) u x(m) d (m) s (m) (N/m ) (N/m 3)
(N/m?)

€9) (2) 3 4) (&) (6) (@) 3

0 0 0 0 0 0 0 0
6000 5 0.025 | 3.1E-06 2.5E-04 | 2.5E-04 | 2.4E+07 | 2.4E+07
12000 11 0.055 | 1.5E-05 5.5E-04 | 5.5E-04 | 2.2E+07 | 2.0E+07
18000 16 0.08 3.2E-05 8.0E-04 | 8.0E-04 | 2.3E+07 | 2.4E+07
24000 22 0.11 6.0E-05 1.1E-03 | 1.1E-03 | 2.2E+07 | 2.0E+07
30000 28 0.14 9.7E-05 1.4E-03 | 1.4E-03 | 2.2E+07 | 2.0E+07
36000 33 0.165 | 1.3E-04 1.6E-03 | 1.6E-03 | 2.2E+07 | 2.5E+07
42000 40 0.2 1.9E-04 2.0E-03 | 2.0E-03 | 2.1E+07 | 1.8E+07
48000 46 0.23 2.5E-04 2.2E-03 | 2.2E-03 | 2.1E+07 | 2.1E+07
54000 53 0.265 | 3.3E-04 2.6E-03 | 2.6E-03 | 2.1E+07 | 1.9E+07
60000 60 0.3 4.2E-04 2.9E-03 | 2.9E-03 | 2.1E+07 | 1.9E+07

From the measured data, the quantities u, x, d, s are calculated, recorded in columns (3) -
(6) in Table 4.1.

Figure 4.3 3Graph of the relationship between compressive load pressure and
compression table settlement
Figure 4.3 describes the relationship between the pressure of the compressive load and the
corresponding settlement (recorded in columns (1) and (6) of Table 4.1).
On Table 4.1:
+ Column (7) records the result of calculating the background coefficient calculated
according to the formula: k(i =ﬂ’. i=1-1043)
+ Column (8) records the result of calculating the background coefficient calculated
according to the formula
k(gi)zpi_pi—l ’.i=1+]0’.s0=0 “4.4)
S =S8
Formula (4.3) shows the foundation coefficient k o calculated according to the total
pressure and the total settlement respectively; formula (4.4) shows the foundation
coefficient k ¢ calculated according to the loading value and the increase of the settlement
respectively.
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Therefore, we can take the average value: k, = %i’ﬂ?” ~21.10° (N / mj)
i=1

4.5)

4.3.2. Experimental determination of self-expanding cable coefficient A
4.3.2.1. Experimental process to determine the self-expanding cable coefficient 1
+ Experimental setup

One end of the cable is connected to the fixed force meter, the other end of the cable is
connected to the cable winch. The cable is placed straight on a flat surface and in a free
state; Call A the connection point of the cable and the force meter, mark point B (on the
cable) so that the length AB = 10 m.

> §

F———of

v

Figure 4.5 4Experimental layout to determine the self-expanding cable coefficient L
(a)— Cable section in free state;
(b)- The cable is pulled until stress appears in the cable.

Control the electric winch to slowly pull the cable until the dynamometer shows the
tensile stress value of the cable, at this time point B will be at position B'. Measure the
length AB' by L 4, get:AL:Ld L o2 _AL
Table 4.2 2Experimental measurement results for calculating the brake cable self-

expansion coefficient

TT Lo(m) La(m) AL(m) i
1 10 10.05 0.05 0.005
2 11 11.06 0.06 0.0055
3 9 9.02 0.02 0.0022
4 10 10.03 0.03 0.003
5 10.4 10.45 0.05 0.0048
6 10 10.05 0.05 0.005
7 11.5 11.53 0.03 0.0026
8 10.5 10.52 0.02 0.0019
9 9.5 9.51 0.01 0.0011
10 11 11.02 0.02 0.0018

The above measurement experiment was performed on 10 different cable sections, the
results are recorded above (Table 4.2). The self-expansion coefficient of the cable is
calculated based on the average value of the measurements:

] 10 (46)
A=—> 1 :
0"

From the results of the measurements recorded above (Table 4.2), the self-expansion
coefficient of the brake cable is obtained according to (4.6): A = 0.0033
4.7
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4.4. Experimental measurement of horizontal vibration amplitude of wood sawn
joints

This measurement result is compared with the calculation result at point M according
to the theoretical model.

Three points A, B and M are on the carriage and on a straight line parallel to the rails.
At A and B, sensors measuring horizontal acceleration are placed.

From the measurement results of the horizontal oscillation amplitude at two points A
and B, we can calculate the oscillation amplitude at point M by the following calculation:

Let the distance AB be d ap, the distance AM be x = x 9 + vt . Here x ¢1is the initial
distance when the cart has not yet moved, v ( m/s ) is the velocity of the cart, # (s) is the
time in seconds. Choose the coordinate system as shown in the figure, then the y coordinate
uin the horizontal direction of point M is calculated: x
Yu :T(yn _yA)+yA

AB
(4.8)

in which: y 4 and y pare the horizontal coordinates of points A and B.

Figure 4.6 5Diagram of placing horizontal acceleration sensors at points A and B
at the same height as M on the carriage.

4.4.1. Measuring equipment used in experimental research
a) DMC-Plus signal amplifier

The thesis uses the DMC-Plus signal amplifier of the Federal Republic of Germany.
This device is a device that collects and amplifies measurement information connected to
a computer as shown in Figure 4.6. This device replaces the K amplifier and the A/D
(Analog/Digital) converter in the schematic diagram of the experimental method. The
DMCPlus device has modules manufactured according to the following channels:

+ DVO1 module: DC current amplifier module, used to measure temperature,
connected to thermocouples, DC currents. This module can measure voltage sources with
a very wide measuring range ( £0.1V; £1V; £10V; £200V), frequency range 2.2 kHz.

+ DV 10 module: DC current amplifier type, to connect full and half resistor
bridges, can measure voltage, DC voltage source, frequency range 4.4 Hz.

+ DV30 module: Amplifier type is 600Hz frequency, used to measure full and half
bridge resistors, measure voltage, DC voltage source, frequency range 250 Hz.

+ DV35 module: Frequency amplifier type, suitable for measuring resistance, DC
voltage source, frequency range 250 Hz.

+ DV55 module: The amplification type is frequency, the amplification range is 4.8
kHz, very popular. Used to connect to full and half resistor bridges, measure voltage of
DC voltage sources, frequency range 2.2 kHz.

+ Module DZ65: Used to connect sensors measuring torque, speed and power.
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Figure 4.7 6DMC Plus device
b) Accelerometer sensor B12/1000
To determine the horizontal acceleration of the carriage when moving during the
sawing process, the thesis uses an inductive acceleration probe manufactured by HBM of

the Federal Republic of Germany. The shape and schematic diagram are shown in Figure

4.8.
.|

y = __1
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Figure 4.8 7Accelerometer B12/1000
1- Inertial mass; 2 - Cross section of two inductance coils; 3 - Leaf spring (elastic element); 4 -
Probe body; 5 - Chamfered edge, 6 - Wire connection post; 7 - Threaded end mounted on the
measured object
The sensor is fixed at a determined position on the carriage horizontally. When the

carriage oscillates horizontally, it will cause the inertial mass (1) to oscillate in the two
inductance coils (2), causing the magnetic reluctance of the magnetic circuit to change,
leading to a change in the inductance of the two coils (2).
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Figure 4.9 8Connection diagram of measuring device with measuring sensor
4.4.2. Method of processing experimental results
a) Number of measurement data
Because the population is not known, the sample size will be determined using the

formula: y = 72 L;p) 4.9)
e

From (4.9) we get the minimum amount of measurement data:
N =1.96"22U"0) _ 50 15 (4-10)
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To verify the theoretical calculation model on experimental measurement data, the horizontal
acceleration of the carriage when moving on the rail is measured. Because the distance the carriage
moves on the rail during the wood cutting process is 6 m, the moving speed of the carriage v =0.15
m/s, the carriage moves the entire wood cutting distance with a time of T =40 's. The measuring device
is set to measure every 0.1 s, resulting in the number of measurement data on each sawing circuit
N =400 > 384, 16 satistying the condition of the number of measurement data (4.10).

b). Method for calculating the amplitude of horizontal oscillation of the carriage (at the
point where the measuring sensor is placed) from experimental data of acceleration
measurement.

Through the experiment, the data received is the lateral oscillation acceleration of the
vehicle at the measurement point. The value of the lateral oscillation amplitude at the
measurement point will be calculated according to the following method:

+ Let T (s) be the time interval from the start of the acceleration measurement to the
end, with the measurement time step being A t. Thus, we will have the number of

M=l+l

measurements M : At 4.11)
+ Acceleration measurements Y are represented as a Fourier series with only cosines with
N + 1 terms:
a, < kx
y(t) = 2+ Y a, cos| —t
2 2 T

k=1

(4.13)

The integration (4.13) together with the conditions (0)=0; @0)=0
function representing the angular amplitude from the measured data:

N kﬂ' N TZ
y(t) = Z cos( tj+2ak —
k= (k ) T o (km) (4.16)

Note that, since the Fourier series converges slowly, the number of terms N in the sum
(4.16) is quite large. In the thesis, the calculation is with N=290 .
¢). Check the correlation between two sets of values

The correlation coefficient ( r ) is a statistical index that measures the correlation
relationship between two variables x and y . The correlation coefficient has a value from -
1 to 1. A correlation coefficient of O (or close to 0) means that the two variables have no
relationship to each other; conversely, if the coefficient is -1 or 1, it means that the two
variables have an absolute relationship. If the value of the correlation coefficient is
negative ( r <0), it means that when x increases, y decreases (and vice versa, when x
decreases, y increases); if the value of the correlation coefficient is positive ( » > 0), it
means that when x increases, y also increases, and when x decreases , y also decreases.

There are many correlation coefficients in statistics: Pearson correlation coefficient r,
Spearman p, Kendall t. In this thesis, Pearson correlation coefficient r is used to evaluate
the correlation between the series of angular acceleration values obtained through
measurements and from its regression function. Pearson correlation coefficient r is also
used to evaluate the correlation between the series of angular amplitude values obtained
from the experimental regression function (through angular acceleration measurement

leads to a
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data), with the series of values obtained from the calculation model; in this case, if the
correlation coefficient » > 0.8 then the calculation model built in the thesis can be accepted.
4.4.3 Organization of the experiment
c) Parameters of the wood sawing system

Table 4.3 3Parameters used during the survey

Symbol Content Value
d1 Distance between middle and top wheel axles 2.5 [m]
d, Distance between last and first wheel axle 6.5 [m]
d Distance between two rails 1.5 [m]
V Speed of the cart (speed of pushing the log) 0.15 [m/s]
L Length of rail beam 15 [m]
b Width of the rail beam 0.1 [m]
ko Rail foundation coefficient 21x106 [ N/™3 ]
b, Width of vertical circular saw tooth set 2.5 [mm]
n, Teeth per inch (TPI) (or 0.0254 m) 4
. 20 [inches]
L
vt Wood cutting length (or 0.508 m)
- Number of saw blade teeth in cutting circuit n,= nCLcm
a, Saw wheel rotation speed 700 [rpm]
. 38 [inches]
D Saw wheel diameter (or 0.965 m)
2
K Specific shear resistance ]36'15 [N/mm
P Mass per unit length of track 40 [kg/m]
X, x coordinate of vertical band saw blade 3 [m]
u Y coordinate of saw blade cutting point 0.5 [m]
h The height of the point calculates the horizontal
. . . 1.2 [m]
amplitude of the wood cutting line.

The experiment was carried out on an automatic wood cutting system using a vertical band
saw with the parameters recorded in (Table 4.3).
d) Conduct the experiment
When the installation work is completed, the thesis conducts the following experiments:
- Let the sawing system operate, the carriage speed gradually increases and stabilizes at 9
m/min (ie 0.15 m/s).

- When the vehicle moves to position M marked with distance AM equal to x ¢, start
recording acceleration measurement data at A and B.

The experimental setup and organization are shown in (Figure 4.11 and Figure 4.12).
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Figure 4.10 9Experimental setup for measuring the amplitude of horizontal
oscillation of the slit circuit

Figure 4.11 100scillation acceleration measurement process carriage
The horizontal oscillation acceleration graph at point A during the sawing process is
recorded in the form of a graph shown in Figure 4.12.

e}

Figure 4.12 11Horizontal oscillation acceleration graph at point A during the cutting
process.

4.4.4. Process measured data and compare experimental results with calculated results
according to theoretical models.

The experimental results were obtained in the form of a chart (Figure 4.13) and in the
form of numbers over time with a recording step of 0.1s, and were recorded on EXCEL.
The data are shown in the appendix above (Table 3).

On the graphs in Figure 4.13: The measured acceleration data are shown by the red "*'
signs. Based on these measured data, calculated according to the empirical regression
function of the form (4.13) with the number of terms N = 175 and N = 290, the acceleration
regression function results are shown in Figure (4.13).

The acceleration regression function according to (4.13) is of the form:

N
. a kx
)~ 2+ a cos| —t
=52 (T]
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In which the coefficients a ¢ and a  ( k=1+N= 290) are recorded in (Appendix
Table 2). When obtaining the experimental regression function of the acceleration
measurements, we can integrate twice to obtain the experimental regression function of
the oscillation amplitude according to formula (4.16):

ao _ -
y(t) = Z (k ) cos(T tj+z (k )

The experimental regression graph of the amplitude is shown by the red line above
(Figure 4.14). Compare it with the value of the oscillation amplitude calculated from the
theoretical model of the blue line above (Figure 4.14). It is seen that the larger the number
of terms N, the more accurate the regression function will be. Therefore, the calculations
here will take N = 290.

Figure 4.13 12Graph of experimental measured values and regression of horizontal
oscillation acceleration of the saw blade at the point where the saw blade cuts the
wood:

Figure 4.14 13Graph comparing experimental results with the model for calculating
the amplitude of sawing vibration during the sawing process.

The values of the amplitude of horizontal oscillation of sawn joints over time during
the sawing process, calculated according to the theoretical model and experimental
measurements, are recorded in (Table 1 of the appendix ) in columns 4 and 5. Comparing
the correlation of these two series of numbers over time t gives a correlation coefficient of
r = 0.89. This proves that the theoretical calculation model used in the thesis is close to
reality.
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CONCLUSION OF CHAPTER 4

1. An experimental research method has been established to indirectly determine the
amplitude of oscillation of the wood sawn surface through experimental measurements of
horizontal oscillation acceleration at two different points on the carriage, thereby selecting
measuring devices, sensors, and methods for processing experimental data.

2. From the experimental results of determining the horizontal oscillation amplitude of
the saw blade compared with the oscillation amplitude obtained from the theoretical
calculation model, it can be seen that: the series of these values all have a correlation
coefficient r > 0.8. That proves that the theoretical calculation model is consistent with
reality and is reliable .

CONCLUSION AND RECOMMENDATIONS
1. Conclusion

Based on the results of theoretical and experimental research on the dynamics and
control of carriages in automatic wood sawing lines using vertical band saws, the thesis
has achieved the following results:

1. Build a model and establish dynamic equations for the longitudinal motion of an
automatic wood sawing cart. Based on the established dynamic model, the thesis has built
a longitudinal motion control algorithm and a carriage braking control algorithm.

2. The thesis has built a model for calculating the horizontal oscillation of the plane of
the sawn timber, the problem is converted to the oscillation of the beam on an elastic
foundation, subjected to many concentrated loads that change and move. By using the
properties of the Dirac function, the thesis has established the equation of the horizontal
oscillation of the sawn timber and given the solution in analytical form. From the results
obtained, the expressions for the natural oscillation frequency and the forced oscillation
frequency allow to conclude: With the sawn timber chain systems using vertical band saws
and automatic sawn timber carriages, the resonance phenomenon of the beam rail does not
occur.

3. The thesis has investigated the horizontal oscillation equation of the sawn joint and
given the results (Table 3.2), which shows the pairs of values of the bending stiffness of
the rail beam EI and the foundation coefficient k = k ¢.b corresponding to the horizontal
oscillation amplitude of the carriage reaching the maximum value. Based on this result, a
reasonable choice can be made: the parameters of EI and k ¢ as well as the thickness % 5 of
the concrete foundation layer serving the construction process when installing the carriage
foundation, ensuring that the maximum horizontal oscillation amplitude of the sawn joint
plane is smaller than the allowable limit. For example, with EI = 75.10 %, the limit of the
width of the sawn joint b gy, = I mm : When k 4= 8 KN/m 3, concrete grade M300, the
thickness of the concrete layer i , = 0.88 m ; When k 4= 14 KN/m 3 concrete grade M300,
then concrete layer thickness &, = 0.7 m .

4. The thesis has built a model, established the dynamic equation of the carriage
braking process, the results of the survey of the dynamic equation of the carriage braking,
and provided a table of parameters for the carriage braking, ensuring that the braking
distance is less than the allowable distance. For example, if the carriage braking distance
does not exceed 30 mm, with the diameter of the carriage braking cable @ = 22 mm , the
braking system must achieve a traction acceleration a x> 20 m/s 2 and a braking force F >
2683 N.
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5. The thesis has established a method for experimentally studying the dynamics and
control of carriages in an automatic wood sawing line. Experiments have been conducted
to determine the foundation coefficient and the self-expansion coefficient of the carriage
brake cable. Measurement of the horizontal oscillation amplitude of the sawing joint is
conducted indirectly by measuring the horizontal acceleration at two different points on
the carriage. Experimental results to verify the theoretical calculation model of the
horizontal oscillation of the sawing joint show that the correlation coefficient r between
the series of oscillation amplitude values of the theoretical calculation model and the
experimental results all satisfy r > 0.8; that proves that the theoretical calculation model
is consistent with reality.

2. Recommendations

Due to time and research scope constraints, to complete the study on the dynamics and
control of carriages in the wood sawing line, it is necessary to continue studying the
following contents:

1. Research to determine some optimal parameters of the carriage in the automatic
wood sawing line to meet the requirements of improving productivity, quality and safety
during operation.

2. Build and set up an optimal control system for the carriage in the automatic wood
sawing line to improve productivity, quality and safety for the carriage system in the
automatic wood sawing line.



