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Abstract: - In this paper is presented the design of an automatic control system for bucket wheel excavators
digging at a constant rate. Obtaining a material flow with the smallest variation during the excavation leads to
advantages related to intensive use and capacity of al machines that are part of the technological chain.
Simulation and implementation of the mathematical model are performed using MatLab Simulink software.
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1 Introduction

Cutting and pivoting speed control to achieve an
approximately constant flow of material excavated,
leads to maintain the power operated equipment
positioned downstream to a vaue close to the
nominal, is an area in which currently are made
extensive research in the world. Obtaining an
materia flow with the smallest variation during the
excavation leads to advantages related to intensive
use and capacity of all machines that are part of the
technological chain

2 The mathematical model and the
simulation diagram
The simulation diagram of the excavation flow

control system of the BWE designed and proposed
to be used isshown in figure 1.

The simulation process to be automated is based
on the calculation of momentary capacity
relationship of excavation:[§]

h VvV, -V
Qma=3600-ﬁ-(1—cos(ao))- =

n

where: h, is maximum cutting thickness [m]; o, is
the cut angle [degrees|; v is the pivoting speed;
v,is cutting speed; z is the number of bucket
discharges, n is the number of buckets on the

whesd!;

In the simulation process is taken into account
that the pivoting speed in equation (1) can be
calculated with the formula

v, =cos(6)-v,(6) 2
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Fig. 1 Simulation diagram of the automated adjustment system
of the coa flow used on the bucket whedl excavators.
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The smulation diagram of the excavation
processis shown in figure 2. In the simulation it was
assumed that the output size of the excavation
process is influenced by a disturbing factor of
excavation, denoted by Q.. This disturbance is

directly proportional to the absolute tota
momentary pivot angle.
Given the above, momentary excavation capacity
can be expressed by the relationship:
Qm = Qma - me (4)

In the simulation algorithm, the total pivoting
angle was limited to a range of values between
0.,,ando . through a nonlinear saturation type
element. To reverse the direction of rotation of the
motor that controls the pivoting arm, in the
simulation was taken into account the 0.,

0, IMmposed maximum pivotation angles. In this
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Fig. 2 MatLab Simulink model of the excavation process

sense, was used an real bipozitional relay that has
the output value 1 when the 6 angle exceeds 0, _,
respectively value -1 when the 6 angle fals below
0., - Output value marked with” 6" is multiplied by

the output value of the flow control system and the
result is the required rotation speed imposed to the
control system of the induction motor that drives the
pivoting arm of the excavator.

2.1 The presentation of a vector oriented
control system of induction motors.

The control systems SRA1 and SRA2 are rotor flux
vector oriented control systems of the speed of the
induction machines. Both control systems are
identical with the except that the motors power
whose speed is adjusted is different.

The simulation diagram of rotor flux vector
oriented control systems of the speed of the
induction machineis presented in figure 3.

To achieve the smulation presented above were
devel oped two mathematical models.
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Fig. 3 Simulation diagram of control system SRA2
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2.1.1 The mathematical model stator current -
rotor flux.

The mathematical model of the induction motor is
made as a canonical system status, varying over
time, which isasfollows:[3]

d
ax(t):A(t)-x(t)+ B-u(t) )
y(t)=Cx(1)

State vector, x(t), is composed of stator current and
rotor flux written in the orthogond
referencedk — g\ , arbitrarily chosen:

X(t):[idﬂ(t) g (1) Wau (1) quk(t)]T (6)

Input vector u(t), is composed by the statoric
voltages written in the same orthogonal reference:

u(t)=[ U (1) U ()] ©)

as for the output vector is identical to the state
vector:

y(t)=x(t) ®

The matrixes that define the canonic system (5),
corresponding to stator current - rotor flux model
are;

ay, 0 Ay, Q2,0 (t)
0 —a,-z,-o (t
A(t): aél ai4 Zp (Dr( ) ~ .313

aSl a33 Zp (Dr(t)

0 ay Zp ", (t) 853
b, 0 0 O]

B=| * ;. C=l, 9)

0 b, 00

a, - L. ae_Lm & 1
4= , 1 T 3= T s
LS I"G TT TI’
1 L L L2
b11_|_ ; Ti=—", T, ==",0=1-—"
<O R, R, L.-L,
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where |, isthe matrix unit.

The movement equation of the induction motor
corresponding to the model to stator current - rotor
flux model is:

Wan, (t) ) iqsx (t) -
awr(t)z Hml‘(_\llqrx (t)'idsx (t)J_ (10)

Jistherotor inertia moment;
F isthefrictions coefficient;
o, istherotor mechanical angular speed;

The simulation diagram of the engine is based on
state equations (5), model caled voltage model.
Simulation is done using the Simulink-Matlab
S Function block.

Simulation Diagram, internal structure and
program developed in Matlab is given to the
S Function block shown in figure 4.

motor_inductie

.l

Fig. 4 Induction motor simulation diagram

2.1.2 The mathematical model of the rotoric flux
observer.

The Luenberger observer is defined by these
equations[9]:

%f((t):A(t) %(t)+B-u(t)+L(t)-(y(t)-9(t))
3(t)=C-x(1)
(11)

where:

a, 0 (=Y a14'zp'0‘)r(t)

_ 0 a, _314'Zp'°°r(t) a3

A(t)_ ay, 0 ay —Z, (Dr(t)

0 a, z,-o,(t) Ay
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B{bﬂ 00 OTC:F 00 o}

0 b, 00| 0100
and coefficients that define these matrixes are the
ones corresponding stator current - rotor flux.

The input, output and state vectors that define the
Luenberger estimator are:

u(t)={ue(t) ua(t)]
X(1)=[ie() i) va() we(O]
y(t)z[idS(t) iqS(t)]T

and the estimated output, state magnitude vectors
are:

R(0=[P() %(t) W (1) W]
$(0)=[%() %=(t)]

Matrix L, from the Luenberger estimator is
determined in the continuous case, so that the rea
part of the estimator poles to be strictly negative. In
the case of designing the L matrix of the estimator,
is taken into account that the values of matrix A,
have the real part strictly negative. The most utilized
solutions for on-line calculation of Luenberger
matrix are:

- the equations that assure the proportionality
between the machines poles and the observers poles,
- the method of self-values rotation;

- the method of self-values movement;

Next tis presented the structure of
Luenberger L matrix:

the

(14

l,=z o -(1-k
where: 2 =2y (1K) (15)

Lo =7+l
Izlz(agl"'"/'a;l)'(l_ kz)_Y'In

Based on the above entries in the block called
Observer in figure 3, Luenberger estimator
simulation is performed using specific blocks of
Matlab - Simulink.

Within the speed induction motor control system
- SRA2 that drives the pivoting arm, the induction
machine used has the following characteristics:

P, =160[KW]; U, =400[V]; n,, :1487[%}

ISBN: 978-1-61804-171-5

120

fy =50[Hz]; z, =2; R, =0.01379[Q];
R, =0.007728[Q]; L, = 0.007842[H];
L, =0.007842[H]; L,, = 0.00769[H];
N -m-s}
r

Within the speed induction motor control system
- SRA1 that drives the bucket wheel, the induction
machine used has the following characteristics:

J=29[Kg-m’]; F= 0.05658[

P, =630[KW]; U, =6[kV]; n, =1487L%H ;
f, =50[Hz]; z, = 2; R, =0.0453[Q)];
R, =0.0222[Q]; L, = 0.0067[H];
L, =0.0066[H]; L,, = 0.0065[H];

N-m-s}

J=10.8Kg-m’|; F= 0.004878[

3 Simulation and result inter pretation
Following the simulation the resulting diagrams
provide information about the dynamics of the
control system process for the excavation.
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Fig. 6 Time variation of pivoting speed
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Fig. 7 Time variation of cutting flow (imposed)
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Fig. 8 Time variation of imposed flow (purple) and controlled flow (green)
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Fig. 9 Time variation of imposed flow (green) and controlled flow (blue) during transient time
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5 Conclusion

From the diagram analysis it can be seen that the
imposed flow is equa to excavation flow with the
mention that in the transient time there is a certain
difference, this time period corresponds to the
speeding up the process to nominal motors speed.
These observations confirm the accuracy and the
correctness of the designed model.
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