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Abstract. Using of a doubly-fed machine circuit is a promising way to upgrade existing
electric drives of hoist installations based on wound-rotor induction motors.Power connection
of induction motors according to the scheme of a doubly-fed machine with control of machine
coordinates in the rotor circuit allows to increase the energy efficiency of the drive, organize
the recovery of energy, which is usually uselessly dissipated in the rotor circuit, as well as
increase the reliability of the drive. To achieve a wide range of speed change while maintaining
the overload capacity of the machine by the torque, it is necessary to combine various methods
for controlling the amplitude, phase and frequency of the auxiliary voltage on the rotor.These
parameters are controlled by a logical control system. So it is necessary to develop an
operational algorithm of the logical control system to organize this way of control. This paper
is devoted to the development of the operational algorithm of the logical control system for the
electric drive of a lifting installation based on a doubly-fedinduction machine, which allows
combining different modes of operation of the machine to achieve a wide range of speed
control.

1. Introduction

Doubly-fed machine (DFM) in the general case is a wound-rotor induction motor (WRIM) with
auxiliary voltage supply in a rotor circuit from an external source with the options to control the
amplitude, frequency and phase of additional voltage [1].

The use of DFM in adjustable-speed drives has significant advantages over the use of WRIM with
auxiliary resistors in the rotor circuit, since it allows controlling the flow of slip energy and achieving
high energy efficiency. Nevertheless DFM operation in electric drive systems requires switching of its
operation modes depending on the rotor speed. The switching of modes is carried out by the logical
control system of the electric drive.

Since the modernization of complex technological complexes should not affect their operability
[2], the use of a DFM scheme is the best way to modernize existing lifting systems based on WRIM.

In [3] it was shown that in order to achieve a wide range of DFM speed change it is necessary to
combine its operation modes. A general algorithm of the drive functioning for this case was obtained
in [4].
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2. Electric drive structure
The algorithmic structure of the electric drive of a lifting installation with DFM was obtainedin [6] and
[6]. The structure shown in figure 1.
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Figure 1.The algorithmic structure of the electric drive of a lifting installation with DFM.

Notation for figure 1. ug;- active component of the additional voltage on the rotor; Rg — rotor
intrinsic resistance; Tgr - electromagnetic time constant of rotor circuit; ke — rotor EMF internal
feedback coefficient; ir; - active component of rotor current; zp — the number of pole pairs of the
motor; L, — mutual inductance between the stator and rotor; Rs — stator intrinsic resistance; uss—stator
voltage (phase-to-neutral); Uc—control voltage of the additional active resistance in the rotor circuit;
Cem — electromagnetic stiffness; M, — critical torque on the WRIM natural mechanical characteristic;
Sen — critical slip on the WRIM natural mechanical characteristic; kr — WRIM transformation ratio; M
— electromagnetic torque; M. — load torque (static torque); J — the total moment of inertia of the
mechanical part of the installation reduced to the rotor axis; o — rotor angular velocity; wo —
synchronous angular velocity; Awy — additional voltage frequency increment; K — a logical function
that determines whether the drive operates in doubly-fed mode from a controlled voltage converter
(CVC) or in a controlled current converter (CCC) mode [7].

Let us assume that position 1 of key K corresponds to logical 0, and 2 corresponds to logical 1. In
this case, the DFM operation modes are determined by the following expressions:

{RzO—CVC; )

K =1-CCC.

We introduce the following notation: w, — rated speed of the DFM on a natural mechanical
characteristic; w — DFM speed set by the control system; @« =0,5w, — speed corresponding to the
switching from asynchronous to synchronous mode; A — maximum rate of change in the amplitude of
the additional voltage on the rotor, V/s; Ug— effective value of the additional voltage on the rotor. It is
possible to draw up rules for controlling the additional voltage on the rotor of the machine,based on
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the analysis of the mechanical characteristics of the machine in various modes. The control rules
assume that the working area of the DFM mechanical characteristics is divided into sections within the
mechanical characteristics of the machine do not change in a qualitative way.

A special mode of operation of the machine is brake release, in which the drive provides a torque
when the rotor is locked. This mode occurs when a mechanical brake is applied to the drum of a lifting
machine, what is mathematically equivalent to the condition J=co. This mode is described by the
following system of equations:

r

COS Qs
Oy = Ug—"2
SgRi, S k;

Algi = Ug + Egypy,

1. | %‘?ﬁ )

I = AUg;
Tr

System of equations (2) can be associated with the structural scheme of a DFM with a locked rotor,
shown in figure 2.
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Figure 2. Structural scheme of a DFM with a locked rotor.

In the structures shown in Figures 1 and 2, two parts can be distinguished: variable one, which
determines the dependence of the electromagnetic torque of the machine on the parameters of the
additional voltage on the rotor or its active resistance M=f(Ug,d,RR), that is, characterizing the
electromechanical conversion of energy in a machine; and non-variable one, determining the
dependence w=f(M), i.e. mechanical energy conversion. Thus, the main idea of controlling a
combined drive is to change the method of electromechanical energy conversion in a machine while
maintaining the mechanical conversion method.

3. Functional algorithm
In accordance with the known sections of the working cycle of the lifting installation, we can
formulate the rules for switching inside and between them and compose analytical and logical
expressions describing the algorithm of the logical control system.

We additionally introduce the following variables for the description of proposed algorithm:

Ira— active component of rotor current;

f(K) — rotor circuit key closure variable;

S — a variable that takes a value of 1 in the presence of a drive start signal from a stopped state and
a value of 0 in the absence of this signal,
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B — a variable that takes a value of 1 in the presence of a brake signal of the drive and a value of 0
in the absence of this signal;

St — a variable that takes a value of 1 in the presence of a drive stop signal and a value of 0 in the
absence of this signal,

Rev — a variable that takes a value of 1 in the presence of a drive reverse signal and a value of 0 in
the absence of this signal,

CR — variable taking value 1 when switching the reverser;

o {1 wheno =, _ variable determining the machine reaches a given rotor speed,

0 when w # w,
1 when %% — g
en gt ' — variable determining the equality of O time derivative of the active

CD= o
0 when—2 0.
at

component of the rotor current;

_ Lwthen Iz, >0, _yariable determining the sign of the active component of the rotor current;
0 wnen /5, <0.

< : - . "
SC= LWhen o< O, _\ariaple determining the machine reaches a critical rotor speed$
0 when w > @ .

75 = {1 when o =0, _ariaple determining the machine reaches zero rotor speed.

0 whenw % 0.

Taking into account the introduced notation, the functioning algorithm of the combined electric
drive of the lifting machine based on DFM can be formulated as follows:

1) Brake release and acceleration:

a) Voltage supply connection:

Es = ER + UR,

6 =y, +180° (3)
/,=0,

(K)=1.

b) Brake release:
K=1,
s5=1 4)
A (0=0)AM= M) di,
ar
M> M,
c) Acceleration:

K=1
A 0<w<0lw,:< .
/= const.

K=0, (5)

N = M., Sipe®o = 0:5(500 - a))MKPe
2M1(1’e l

At Oloy < o< @y auy,

at

S
o= arctg[ ]
L 5/( Pe

— A< <0,
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Section end condition: £S" CD"CS=1.
2) Movement at low speed:

K=1
At 0<w<0lw,:3 .
/5 = const.
(K=0, (6)
Aw = MHSKPEa)O _0’5(6()0 B a))MKPe
ZMKPe l
Af 0, <05w, 9 .
Loy <@ <050, 11 U, = const,
o= arcz‘g(s}
L Skpe
Section end condition: £S=0.
3) Movement at maximum speed:
K=0,
A o=w;{— (7
Ur=0.
Section end condition: B=1.
4) Slowdown:
(K=0,
au,
<
O<Ta <A ®)
Al 0Sw<w,:, fR=a)o_w f
20
o= arctg[s}
L Skpe

Section end condition: ES* CD=1;

5) Movement at low speed:

K=1 9
A 0<w<0lw,:q | : (9)
/, = const.
Section end condition: St=1,
6) Stopping:
K=1
. : (10)
Ll <0.
ar
Section end condition: Zs»cS=1;
7) Reverse: reversing switch when
Es = ER + UR,
O=yg, +180°. (12)
/,=0,
A(K)=1.

The proposed algorithm (3-11) can be transformed into a block diagram or transition graph.
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4. Conclusion

The algorithm involves the regulation of the active component of the rotor current as the basis for
regulating the motor torque and maximizing it. To increase the drive efficiency and reduce the total
power consumed by DFM, it is also possible to regulate the reactive component of the rotor current or
stator current. The logical control system (LCS) implements this algorithm together with a
programmable task and control apparatus, which performs the calculation of logical functions based
on signals from the electric drive system and generates control actions for the LCS.
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