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ABSTRACT In order to optimize the control method of guide vane opening in an adjustable hydraulic torque
converter, this paper presents a variable universe fuzzy control method for servo system of the adjustable
hydraulic torque converter based on the multi-population genetic algorithm. This control method got a kind
of adaptive control as optimizing proportional exponential contraction–expansion factors of the current loop
with a genetic algorithm, thus transforming the fuzzy variable universe of the current loop. In this method,
we designed a variable universe adaptive fuzzy controller with S-function on an adjustable hydraulic torque
converter servo system and conducted some simulation experiments. The simulation results showed that
the variable universe control based on genetic algorithm improved the anti-interference and robustness of
adjustable hydraulic torque converter servo system compared with control methods in the previous literature.
This control method could be a desirable way to adjust guide vane opening with the properties of better
accuracy, rapidity, and reliability. Thus, the control method we designed will provide an effective, fast, and
stable control strategy for the uncertain system with the properties of nonlinearity, strong disturbance, and
uncertain time-varying.

INDEX TERMS Adjustable hydraulic torque converter, variable universe fuzzy control, multi-population
genetic algorithm, guide vane opening, servo motor.

I. INTRODUCTION
Wind power generation has been vigorously developed as a
kind of new energy source with the advantages of large-scale
development and commercial development prospects [1]–[5].
At present, two main types of grid-connected wind turbines
have been used. One of them is back frequency-stabilized
unit represented by doubly-fed and direct-drive, and the
other one is front-end speed controlled wind turbine [6]–[8].
However, further development of the back stabilized wind
turbine is subjected to many restrictions because it coupled
with the power grid via a converter [9]–[11].The front-end
speed controlled wind turbine adopted a new transmission
form of ‘‘low gear ratio gearbox + hydraulic torque con-
verter + brushless synchronous electric excitation genera-
tor’’. Previous rigid transmission mode replaced by hydraulic
torque flexible transmission mode, and variable frequency
feed mode is replaced by synchronous generator direct feed
mode. The speed adjustment of wind turbine has adopted

hydraulic torque control technology with some advantages
such as low voltage ride through, strong reactive power
output, good power quality and high reliability. Adjustable
hydraulic torque converter is an important part of front-end
speed controlled wind turbine. It can realize variable speed
input and give constant speed output through reasonable con-
trol. Therefore, it is meaningful to research about structure
design and adjustment method of adjustable hydraulic torque
converter.

As for the combination of hydraulic speed control and
wind power generation, a kind of wind power hydraulic speed
control device (Windrive) produced by Voith successfully
won Hermes Award at Hannover Fair in 2009. It seems
that hydraulic speed control system has a broad application
prospect [12], [13]. Speed control system of Windrive con-
sists of two rows of planetary gears and one torque converter
with adjustable guide vanes. Windrive controls rotational
speed with circulating power, thus realize variable-speed
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input and give constant-speed output. Therefore, the power
produced by front-end speed controlled wind turbine can be
connected to the power grid. This kind of generating electric-
ity can ensure the stability of generator frequency and avoid
using some complex and expensive electrical components
like current transformer.

Some researchers have studied hydraulic torque converter
with adjustable guide vane in front-end speed controlled wind
turbine. Two aspects of study on adjustable hydraulic torque
converter were mainly focused on: one was structural design
and the other was control method. Zhao and Maißer [14]
proposed a new wind power transmission system with circu-
lating power to adjust the output characteristics of system.
The circulating power entered the planetary gear train after
passing through the servo motor resulted in longer transmis-
sion chain and poor efficiency of whole transmission system.
As for research about guide vane adjustment rule of torque
converter, Du [15] established a mathematical model of wind
wheel combined with the speed control system to obtain
an operation law of abstract torque converter. However, this
system was only statically analyzed in theory. It is necessary
to study about dynamic simulation of whole transmission
system combined with control system.

In the control system of adjustable hydraulic torque con-
verter, there are two kinds of controllers currently used. One
is the double-mode parameter self-tuning fuzzy controller,
as used in [16] and [37]. Its advantage is that it can adjust the
parameters and alternate the fuzzy control by itself according
to the errors and error changes. Its disadvantage is that its
dynamic response time is slow relatively. The other one is the
two-mode controller based on fuzzy PID, which is adopted
in [38]. Its advantages are that: it has a fast response speed and
it can restrain overshoot. Its disadvantage is that its control
accuracy is low relatively.

In this paper, we presented a variable universe fuzzy con-
trol method for servo system of adjustable hydraulic torque
converter based on multi-population genetic algorithm. Com-
pared with two kinds of controllers adopt by previous lit-
eratures, the advantages of this controller adopted in this
paper are that it has a faster response speed and a higher
control precision. This controller not only improved the anti-
interference and robustness of servo system in adjustable
hydraulic torque converter, but also realized an accurate, fast
and reliable adjustment of guide vane opening. This control
method we designed will provide an effective, fast and stable
control strategy for the uncertain system with properties of
nonlinearity, strong disturbance and uncertain time-varying.

II. MATHEMATICAL MODEL ESTABLISHMENT OF
ADJUSTABLE HYDRAULIC TORQUE CONVERTER AND
ANALYSIS OF REGULATING LAW OF GUIDE VANE
A. MATHEMATICAL MODEL ESTABLISHMENT OF
ADJUSTABLE HYDRAULIC TORQUE CONVERTER
It is difficult to get an accurate mathematical model because
the internal flowfield of hydraulic torque converter is compli-
cated. As for the hydraulic torque converter with adjustable

TABLE 1. Turbine torque calculated by CFD.

TABLE 2. Quadratic coefficient of fitting.

guide vane, the parameters of guide vane changes with the
change of guide vane, thus it is more difficult and complicated
for establishing its mathematical model. Experiments should
not be ignored to obtain accurate mathematical model. In the
present study, the law of changes of guide vane during the
operation of wind power generation was theoretically ana-
lyzed. It can be a basis for dynamic analysis and prediction
of control system in the future.

At present, there are few studies on the accurate mathemat-
ical model of adjustable hydraulic torque converter. Previous
study [15] analyzed adjustable hydraulic torque converter
with one-dimensional program. The results suggested that
the relationship between turbine torque and turbine speed
was quadratic function. Afterward, the scholar obtained a
mathematical model of adjustable hydraulic torque converter
by experimental interpolation.

According to the study of Du, we obtained a mathe-
matical model of adjustable hydraulic torque converter via
matched quadratic relationship between quadratic coeffi-
cient and guide vane opening with characteristic parameters
(Table 1, 2).

It is known that:

MT = b0 + b1nT + b2n2T (1)

where: b0, b1, b2 were unknown parameters, they were also
functions of guide vane relative opening x; nT was turbine
speed.

It is known that the flow field changes intricately when
guide vane completely close, and the performance of
adjustable hydraulic torque converter is unstable, according
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FIGURE 1. Mathematical model curve of hydraulic torque converter with
adjustable guide vane.

to the results of flow field simulation and analysis. There-
fore, the point with larger opening should be selected when
establishing model of adjustable hydraulic torque converter.

Afterwards, we fitted quadratic coefficients (b0, b1 and b2)
with a curve to three functions of x.

The fitting result as follows:
b0 = 9963.86x + 60.4038
b1 = −13.2480x + 1.3363
b2 = 0.0027x2 + 0.0021x − 0.0006

(2)

Substituted (2) into (1) then obtained equation (3):

MT = (9963.86x + 60.4038)+ (−13.2480x

+1.3363)nT + (0.0027x2 + 0.0021x − 0.006)n2T (3)

where: MT was turbine torque; nT was turbine speed.
The mathematical model of hydraulic torque converter

with adjustable guide vane we obtained is shown in Figure 1.

B. REGULATING LAW ABOUT GUIDE VANE OF
ADJUSTABLE HYDRAULIC TORQUE CONVERTER IN WIND
POWER GENERATION SYSTEM
The relationship between guide vane opening and turbine
speed in the process of wind turbine operation was obtained
(Figure 2 and Functions 4) with fitting method on mathemat-
ical model curve of hydraulic torque converter and operating
curve of speed control system.

x = −0.00193nT + 1.4801 nT ≤ 425
x = 7.16× 10−6n2T − 0.00838nT
+ 2.9256 425 < nT ≤ 575

x = −0.0001663nT + 0.57 nT ≥ 575
(4)

The relation between wind wheel speed and torque con-
verter speed ratio suit equation: iTB = (1 − niiza1/n0)

1+a2
1+a1

,

FIGURE 2. Relationship between guide vane relative opening and turbine
speed.

FIGURE 3. Relationship between guide vane relative opening and wind
wheel speed.

iTB = nT /nB, thus obtained three equations:

x = −0.2495×
[
(1− niiZa1/n0)

1+ a2
1+ a1

]
+ 0.57 ni ≤ 16.23

x = 16.11×
[
(1− niiZa1/n0)

1+ a2
1+ a1

]2
− 12.57× (1− niiZa1/n0)

1+ a2
1+ a1

+ 2.9256 16.23 < ni ≤ 16.97

x = −2.9037× (1− niiZa1/n0)
1+ a2
1+ a1

+ 1.4801 ni > 16.97

(5)

where: n0 was the speed of generator synchronous
(n0 = 1500r/min); nB was the pump wheel speed; iz was
transmission ratio of the main rotation gear box; ni was the
wind wheel speed, a1 and a2 were structural parameters of
planetary frame.

Finally, the relationship curve between guide vane rela-
tive opening and wind wheel rotational speed was obtained
(Figure 3). It suggested that guide vane relative opening
had small change at low rotational speed, guide vane rel-
ative opening significantly increased with the increase of
wind wheel rotational speed. The guide vane relative opening
was about 0.85 when wind speed reached the rated wind
speed.
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FIGURE 4. Guide vane adjusting mechanism of hydraulic torque converter.

C. WORKING PRINCIPLE OF GUIDE VANE ADJUSTING
MECHANISM IN HYDRAULIC TORQUE CONVERTER
The guide vane adjusting mechanism of hydraulic torque
converter was shown in Figure 4. Sector gear connected with
synchronous adjustment ring; one end of fork adjustment
mechanism was installed on synchronous adjustment ring,
and the other end was connected with the rotary pin shaft of
guide vane.When it will be needed to adjust guide vane open-
ing, the controller will send an angle signal to servo motor,
after that the servo motor drives synchronous adjustment
ring to rotate at a certain angle through the driving elements
such as ball screw, rack and sector gear. The synchronous
adjustment ring will drive guide vane to rotate through fork
mechanism, thus changing the transmission characteristics of
hydraulic speed regulating device [16].

In other words, the control of hydraulic torque converter
guide vane opening is actually the control of servo motor
rotation angle. The servo motor angle signal was calculated
with the given guide vane opening value, which was used as
the reference signal of controller. The error and error change
rate of actual and reference angle in servo motor were used
as the input of guide vane opening controller. The voltage
signal working on servomotor was used as the output of guide
vane opening controller. Meanwhile, the output signal was
converted into the change of hydraulic torque converter guide
vane opening through the guide vane adjusting mechanism.
Permanent magnet synchronous motor was used in this servo
system.

III. VARIABLE UNIVERSE FUZZY CONTROL
A. THEORYOF VARIABLE UNIVERSE
The essence of fuzzy controller is an interpolator [17]–[20].
A better proximity of fuzzy control function obtained by
interpolation depends on sufficiently small distance between
peaks of these fuzzy sets and control rules. However, it is
unrealistic to summarize control rules of fuzzy controller.
Therefore, the method of variable universe can be a desirable
way to get accurate control function. The variable universe
focused on shrinking the initial universe of fuzzy controller
with decreasing error or expanding initial universe of fuzzy
controller with the increase of error by selecting a serious of
appropriate contraction-expansion factors based on a certain

fuzzy control rule [21]–[28]. From a local point of view,
the contraction of universe is equivalent to more fine division
of fuzzy sets in the universe. Increasing control rules and
value of fuzzy language variables can get more accurate
function thus improving control accuracy.

We assumed the basic universe of input variable xi(i = 1,
2, . . . , n) was Xi = [−E, E](i = 1, 2, . . . , n); the basic universe
of output variable ywas Y = [−U ,U ]; {Aij}(1 ≤ j ≤ m) was
a fuzzy partition in the universe Xi and {Bj}(1 ≤ j ≤ N ) was
a fuzzy partition in the universe Y , then got a fuzzy rule:

IF x1 is A1j and x2 is A2j and...and xn is Anj
THEN y is Bj, j = 1, 2, ......m (6)

Set xi and yj as the peak values of Aij and Bj, respectively. The
theory of variable universe means that Xi and Y can change
with the change of xi and y, respectively. Set universes as
followsčž

Xi(xi) = [−αi(xi)Ei, αi(xi)Ei] (7)

Y (y) = [−β(y)U , β(y)U ] (8)

where: αi(xi) (i = 1, 2, . . . , n) and β(y) were contraction-
expansion factors of corresponding universe.

B. CONTRACTION-EXPANSION FACTORS OF VARIABLE
UNIVERSE
In the process of designing variable universe fuzzy controller,
the contraction-expansion factors can be defined as the uni-
verse adjustment of control variables according to the current
control index because that the system needs to be improved
to control the precision with change of contraction-expansion
factors.

The contraction-expansion factor α(x) function should
meet following conditions: (1) α(0) = 0; (2) α is strictly
monotonically increasing in the range of [0, E]; (3) x ∈ X ,
α(x) = α(−x); (4) α(±E) = 1; (5) x ∈ X , |x| ≤ α(x)E .
As for a dual-input single-output fuzzy control system, it is
correlated with input variables X and Y . Setting: X was the
domain of error (E), Y was the domain of error change rate
(EC). Therefore, β(y) should be defined on X × Y , that is
β = β(x, y), and the following equations can be chosen as
contraction-expansion factors [25], [29]–[35]:

β(x,y) =
(
|x|
E

)τ1 ( |x|
EC

)τ2
(9)

β(x,y) =
1
2

[(
|x|
E

)τ1
+

(
|x|
EC

)τ2]
(10)

where: 0 < τ1, τ2 < 1.

C. FUZZY CONTROL DESIGN OF CURRENT LOOP IN
VARIABLE UNIVERSE
Current loop fuzzy control of servo motor in adjustable
hydraulic torque converter was expressed as an N -elements
piecewise interpolation function F(x1, x2,. . .xn) according to
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FIGURE 5. The schematic diagram of variable universe.

FIGURE 6. Variable universe fuzzy control system optimized by genetic
algorithm.

the interpolation mechanism of fuzzy control:

F(x1, x2, ..., xn) = y(x1, x2, ..., xn) =
m∑
j=1

n∏
i=1

Aij(xi)yi (11)

The expansion or contraction of fuzzy controller depends
on corresponding contraction-expansion factors of basic uni-
verse. In the initial universe, αi(xi) = β(y) = 1, achieved
expansion or contraction of universe via αi(xi) and β(y) var-
ied with changes of input variable xi and output variable y,
respectively. The schematic diagram of variable universe was
shown in Figure 5. Equation (11) could be changed into:

y(x(t + 1)) = b(t)
m∑
j=1

n∏
i=1

Aij(
xi(t)
a(xi(t))

)yi (12)

Equation (12) was an N-elements piecewise dynamic inter-
polation function. The variable universe fuzzy controller is
an adaptive controller, its adaptive law is reflected in the
contraction-expansion factors α and β. Based on the method
of variable universe, the fuzzy control system was designed
in a dual-input and single-output fuzzy controller (Figure 6).
x(k) and y(k) were input variables of fuzzy controller; α(x(k))
and β(x(k), y(k)) were contraction-expansion factors corre-
sponding to the input variables; γ (z(k)) was the contraction-
expansion factor of output variable and F(x(k), y(k), k) was
controller function approximated by fuzzy controller.

FIGURE 7. Variable universe fuzzy control flow chart optimized by genetic
algorithm.

Current loop of servo motor was established with method
of variable universe fuzzy control. Error e and change of
error de were input; [−e, e] and [−de, de] were universes,
respectively; [−z, z] was the universe of output z. The output
universe contracted with contraction of input universe. The
contraction-expansion factor structure could be established as
follows:

γ (e) = w1

[
|e|
re

]T1
γ (de) =

w2

2

{[
|e|
re

]
+

[
|de|
rde

]}T2
γ (z) = w3

[
|z|
yz

]
(13)

w1,w2,w3,T1 and T2 were the five parameters of
contraction-expansion factors. The five parameters were
assigned to the variable universe fuzzy control system. The
variable universe fuzzy control was used to control the sys-
tem.

The initial population was obtained by random generation.
The control flow chart was shown in Figure 7.

The working steps of Figure 7 were as follows. Step1,
determining the basic universe of linguistic variable,
the structure of contraction-expansion factor, and the rules
of fuzzy control. Step2, encoding the five parameters of
contraction-expansion factor to be optimized and obtain
the initial population. Step3, assigning the parameters of
contraction-expansion factor to the designed fuzzy inference
system and use of the method of variable universe fuzzy
control to control the system. Step4, calculating the fitness
according to the objective function. Step5, selecting the
chromosome with high fitness for copying, crossover and
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mutation to obtain a new population. Step6, judging whether
the termination condition was satisfied: if it was satis-
fied, stop obtaining the optimal parameter of contraction-
expansion factor; otherwise, gone to step3 to continue.

A structure of contraction-expansion factors was estab-
lished by objective function (14) to ensure that the adjustment
of guide vane opening has a better dynamic performance and
the output value was kept within a certain range. The time
integral of absolute error was added to the function to improve
the transition dynamic performance of the function.

J =
∫

(k1 |eω(t)| + k2u2(t))dt + k3tu (14)

where: eω(t) was the error, u(t) was the control value, tu was
the rise time, k1, k2 and k3 were the weightings of velocity
objective function.

The genetic algorithmwas used to optimize parametersw1,
w2, w3, T1 and T2 of contraction-expansion factors. Used real
number to encode the five parameters, thus the chromosome
length was five (l = 5). The fitness function is followed:

f =
1
J

(15)

In the process of genetic algorithm optimization, the initial
population size was 50, the maximum number of generations
was 200, the crossover probability was 0.7, and the muta-
tion probability was 0.1. The fitness value of each individ-
ual was calculated by the fitness function (15). In order to
obtain the new population, the fitness values were provided
to the genetic operator for selection, crossover and mutation.
The genetic algorithm searched stopped when the iterations
reached 200 times (maximum number of generations). The
algorithm converged to the best chromosome and the selected
contraction-expansion factor obtained the optimal parame-
ters. The obtained optimal parameters were assigned to the
variable universe fuzzy controller, so as to realize the optimal
control performance of variable universe fuzzy controller in
adjustable hydraulic torque converter servo system.

The operation of basic variables in fuzzy control system
depends on the time step k , they were set as x(k), y(k)
and z(k). Therefore, the time function can be used to represent
the variable universe, they can be denoted as X (x(k)), Y (y(k))
and Z (z(k)). With the progression of optimization, the input
and output universes of fuzzy subset were correspondingly
changed. Meanwhile, membership functions Ai, Bj and Cij
also changed accordingly, which were denoted as Ai(x(k), k),
Bi(y(k), k) andCij(z(k), k). The above genetic algorithmmade
fuzzy control rules become a set of dynamic rules R(k):

R(k): if x(k) is Ai(k) and y(k) is Bj(k) then z(k) is Cij(k)

(16)

where k = 0, rule (16) as initial control rule of fuzzy control.
As k changes, the control function deforms as the universe
changes accordingly, which can be denoted as:

F(x(k), y(k), k) =
p∑
i=1

q∑
j=1

Ai(x(k), k)Bj(y(k), k)Zij(k) (17)

It suggested that the monotonicity of R = R(0) guaranteed
the monotonicity of R(k) (k > 0), thus ensured the validity
of control function F(x(k), y(k), k) by rule (16).
The design of fuzzy controller weakened the dependence

on prior knowledge in control field with the theory of variable
universe. The basic universe will expand or contract with
the according change of controller input error according to
trend of fuzzy control rules. Therefore, the new fuzzy control
rules will be derived from the initial fuzzy rules, thus greatly
improving performance of control system.

IV. SIMULATION OF SERVO MOTOR CONTROL SYSTEM
IN ADJUSTABLE HYDRAULIC TORQUE CONVERTER
Based on the above theoretical analysis, the corresponding
sub-modules were established by MATLAB software, and
the simulation of whole system was carried out. In order to
verify the effectiveness of variable universe fuzzy control
method for adjustable hydraulic torque converter based on
multi-population genetic algorithm proposed in this paper,
three simulation examples were given and compared with the
existing research results.

A. SIMULATION UNDER CONSTANT WIND SPEED
In [16], a two-mode parameter self-tuning fuzzy controller
for adjustable hydraulic torque converter was designed and
simulated under constant wind speed. The simulation time
was 5s. The wind speed was constant at 13m/s. From the
simulation results in [16], it can be seen that the speed of
synchronous generator reached the rated speed at 0.8s and
the steady-state error was almost zero after the adjustment
of turbine output speed in hydraulic torque converter, which
satisfied the condition of grid-connected power generation.

According to the above conditions, the simulation of gen-
erator speed under constant wind speed was carried out. The
generator speed response under constant wind speed is shown
in Figure 8.

From Figure 8, it can be seen that: the dynamic response
time of generator speed using the controller we designed was
0.4s, and the steady-state error was almost zero. Compared to
the double-mode parameter self-tuning fuzzy control method
proposed in [16], our control method is better in dynamic
response time.

B. SIMULATION UNDER STEP WIND SPEED
In [36], a fuzzy controller of adjustable hydraulic torque
converter was designed and simulated under step wind speed.
The simulation time was 20s, and the wind speed was con-
stant to 9m/s within 0 to 10s. At 10s, the wind speed changed
from 9m/s to 10m/s and kept (9m/s step wind speed). From
the simulation results in [36], it can be seen that the dynamic
response time of generator speed was 3.5s, and the variation
of synchronous generator speed was less than 1% (15r/min)
when the wind speed changed.

According to the above conditions, the simulation of gen-
erator speed under 9m/s step wind speed was carried out.
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FIGURE 8. Generator speed response under constant wind speed.

FIGURE 9. Generator speed response under 9m/s step wind speed.

The generator speed response under 9m/s step wind speed is
shown in Figure 9.

From Figure 9, it can be seen that: the dynamic response
time of generator speed using the controller we designed
was 3s. When the wind speed changed, the change of the
synchronous generator speed was less than 0.53% (8r/min),
compared with the fuzzy control method proposed in [36],
the control method we presented has a better control effect.

C. SIMULATION UNDER SINUSOIDAL INPUT SPEED
In [37], a dual-mode controller based on fuzzy PID for
adjustable hydraulic torque converter was designed, and the
simulation study was carried out when the input speed of
hydraulic torque converter changed with sinusoidal law. The
simulation time was 200s, and the maximum range of input
speed was 420r/min∼500r/min. The input speed includes two
kinds of frequencies. The signal frequency changed from
0.05Hz to 0.3Hz at 100s. When the frequency was 0.05Hz,
the amplitude of sinusoidal signal change was 40r/min.When
the frequency was 0.3Hz, the amplitude of sinusoidal signal
change was 20r/min. From the simulation results of [37],
it can be seen that: in the fuzzy PID control, the precision
of the system was high, the fluctuation range of synchronous
generator speed was 1497.3r/min∼1502.3r/min, and the

FIGURE 10. Generator speed response under sinusoidal input speed.

frequency range of generator was 49.91Hz∼50.077Hz. In the
open-loop control, the response speed of the system was
fast relatively, but the fluctuation range of synchronous
generator speed increased to 1494.4r/min∼1505.8r/min, and
the frequency range of generator was 49.813Hz∼50.193Hz.
According to the requirement of GB/T159-2008 (Power qual-
ity power system frequency tolerance), the limit value of fre-
quency deviation under normal operation condition of power
system was 50 + 0.2Hz. The double-mode control method
based on fuzzy PID proposed in [37] can meet the control
requirements of hydraulic speed regulating wind turbine and
realize the rapid and precise speed control of synchronous
generator.

According to the above working conditions, we use the
controller designed by us to carry out the simulation of gener-
ator speed response when the input speed of hydraulic torque
converter changed with sinusoidal law. The generator speed
response is shown in Figure 10.

From Figure 10, it can be seen that: when the frequency
was 0.05Hz, the fluctuation range of synchronous genera-
tor speed was 1498.6r/min∼1501.8r/min, and the frequency
range of generator was 49.95Hz∼50.06Hz; when the fre-
quency was 0.3Hz, the fluctuation range of synchronous
generator speed was 1495.7r/min∼1503.9r/min, and the fre-
quency range of generator was 49.85Hz∼50.1Hz. Compared
with the two-mode control method based on fuzzy PID pro-
posed in [37], the control method we presented achieved a
better control result in response speed and control accuracy.

V. CONCLUSION
The present study used variable universe fuzzy control based
on multi-population genetic algorithm in current loop control
of adjustable hydraulic torque converter servo motor. The
controller was programmed with S-function. The simulations
of servo system in adjustable hydraulic torque converter were
carried out. The simulation results showed that: the controller
designed in this paper is superior to the control method
adopted in previous literatures; the guide vane opening could
be adjusted accurately, quickly and reliably when the wind
speed was constant, wind speed was 9m/s step wind speed

29242 VOLUME 7, 2019



L. Mingxue et al.: Variable Universe Fuzzy Control of Adjustable Hydraulic Torque Converter

and the input speed of hydraulic torque converter changed
with sinusoidal law.

Through this control method, the optimized control of
guide vane opening of adjustable hydraulic torque converter
in wind turbine was achieved. By using this control method,
the power output quality of wind turbine will be improved.
This control method will provide an effective, fast and stable
control strategy for the uncertain system with properties of
nonlinearity, strong disturbance and uncertain time-varying.

In this paper, the control of guide vane opening in
adjustable hydraulic torque converter system has been studied
and achieved some results, but there are still some problems
that have not been deeply studied, which need to be further
considered and perfected: 1) More detailed analysis and more
precise modeling of flexible transmission chain in adjustable
hydraulic torque converter are needed; 2) Termination con-
ditions of genetic algorithm need to be studied in order to
improve the efficiency of genetic algorithm.
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