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ABSTRACT

In order to improve the power supply stability of the marine aquaculture DC brushless generator,
a power supply stability control method of the marine aquaculture DC brushless generator based
on multi-parameter fusion decoupling regulation is proposed, a control constraint parameter
model of the marine aquaculture DC brushless generator is constructed, and an output load oscil-
lation regulation method is adopted to carry out DC brushless adaptive steady-state regulation
of the marine aquaculture DC brushless generator. A DC brushless adaptive coupling model of
marine aquaculture DC brushless generators between different frequency systems is established.
Multidimensional parameter adaptive fusion and steady-state tracking methods are used to adjust
DC brushless adaptive gain, and DC harmonic dynamic suppression of marine aquaculture DC
brushless generators is carried out to realize power supply stability control. The simulation results
show that the output stability and output power gain of the DC brushless generator used in marine
aquaculture are better and the optimal distribution control capability of marine aquaculture

power supply is improved.
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1. Introduction

Marine aquaculture DC brushless generators are widely
used in high-power power generation and transmission
systems, and marine aquaculture DC brushless generators
represented by photovoltaic power generation are widely
used in DC transformers [1]. By the multi-power decen-
tralized control design of marine aquaculture DC brushless
generators, the output power gain and stability of marine
aquaculture DC brushless generators are improved, and the
power supply stability control method of marine aquacul-
ture DC brushless generators is studied, which is of great
significance in improving the energy access collection
capability and high-voltage and high-power regulation
capability of power supply systems [2].

The research on the power supply stability of marine
aquaculture DC brushless generator is based on the DC
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brushless adaptive modulation and power factor analy-
sis, combined with the inverter rapid response design of
marine aquaculture DC brushless generator, to carry out
two-way rapid continuous regulation of power genera-
tion power, and to improve the power supply stability of
marine aquaculture DC brushless generator. In the tradi-
tional method, the power supply stability control meth-
ods of marine aquaculture DC brushless generator mainly
include adaptive fuzzy control method, steady-state power
modulation method, and maximum equalization interval
control method [3]. In view of the above problems, this
paper proposes a power supply stability control method
for marine aquaculture DC brushless generator based on
multi-parameter fusion decoupling regulation, constructs
a control constraint parameter model for marine aqua-
culture DC brushless generator, adopts output load oscil-
lation regulation method for DC brushless generator DC
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brushless adaptive steady-state regulation, establishes a DC
brushless adaptive coupling model of marine aquaculture
DC brushless generator between different frequency sys-
tems, uses multi-dimensional parameter adaptive fusion,
and steady-state tracking method for DC brushless adap-
tive gain regulation of marine aquaculture DC generator,
and realizes power supply stability control. Finally, the
simulation results show the superior performance of this
method in improving the power supply stability of marine
aquaculture DC brushless generator [4].

2. Control object and constraint parameters of marine
aquaculture DC brushless generator

2.1. Analysis of rectifier output voltage waveform

The brushless DC generator is composed of four pairs
of pole 48 slot tangential structure permanent magnet syn-
chronous generator and a new 12-phase zero-type rectifier
circuit. The stator of the tangential structure permanent
magnet synchronous motor is mainly composed of stator
core and armature winding, and the rotor is mainly com-
posed of non-magnetic guard ring, permanent magnet
magnetic steel, NS pole boot, non-magnetic guide bushing,
and rotary shaft, as shown in Fig. 1. The permanent mag-
net embedded in the rotor is tangentially magnetized, and

(a)

Armature
winding

Stator

Fig. 1. DC brushless generator section: (a) physical sectional
drawing and (b) inner structure.

there are two corresponding permanent magnet truncated
face air gap to provide per pole flux, so the air gap magnetic
induction intensity of the motor can be effectively improved.

The rectifier circuit of the electric excitation
dual-salient generator system is shown in Fig. 2.

In Fig. 2, the diode D ~D, constitutes a three-phase full-
bridge uncontrolled rectifier; C, is the filter capacitance;
R is the discharge resistance; and R, is the resistive load.
The rectifier bridge front stage input is the generator three-
phase AC output voltage, while the induced potential
change frequency is proportional to the rotational speed n
and the number of rotor teeth p, which can be expressed as
f,=np/60. The motor used in the experiment is a 12/8 struc-
ture with a rotational speed of 5,000 rpm, so the induction
potential period is 1.5 ms. the simulation waveform in the
light load state is shown in Fig. 3 (without filter capaci-
tance). the output voltage through the rectifier bridge con-
tains abundant harmonic components in addition to the
DC component, where the lowest fundamental frequency
is f, = 3f, implying the generation of 3 output voltage
wave heads over a period of inductive potential change.

As can be seen from Fig. 3, if the phase-changing
overlap is ignored in normal operation, the power-on
sequence of the three-phase armature winding in an
inductive potential cycle is as follows: A + C- —» B + A-
— C + B, the conduction order of the corresponding rec-
tifier diode is: D,, D, - D,, D, - D,, D,, each diode on
1/3 cycle. The following takes the resistive load case as an
example to discuss the fault situation. The rectifier circuit
fault is defined as a diode open circuit. This paper does
not involve the diode short circuit fault, mainly for two
reasons, one is that the overcurrent protection circuit will
stop the rectifier circuit when the fault occurs, the other
is that the diode fault is the most common open circuit.

2.2. Classification of operation status of rectifier circuits

When a fault occurs, the rectifier output voltage U, pro-
duces distortion according to certain rules. For example,
when D, fails, the diode conduction sequence becomes:
D, D, - D, D, » D, D, U, waveform is distorted in
the first 1/3 cycle. When D, fails, the diode conduction
sequence becomes: D, D, - D,, D, —» D,, D,, U, waveform
is distorted in the middle 1/3 cycle, so the D, fault recti-
fier voltage waveform is 120° behind the phase of the D,
fault rectifier voltage waveform, but the waveform shape
is similar. The D, fault rectifier voltage waveform is 120°
behind the phase of the D, fault rectifier voltage wave-
form, and so on. When D,, D, fails, the diode conduction
sequence becomes: D,, D, - D,, D, —» D,, D,, U, waveform
is distorted in the first 2/3 cycle, and its phase lag 1/3 cycle
is obtained D,, D, fault rectifier voltage waveform. The
other kinds of fault element waveforms can be obtained
by the same analysis method. According to the above U,
waveform distortion law, the operation state of the recti-
fier circuit of the electric excitation dual-salient generator
system can be classified according to the following ways.
Since there are two diodes with the highest probability of
failure at the same time, based on this statistical rule, the
fault is divided into seven types of 22 types of fault ele-
ments. Fig. 4 is the U, waveform at the fault of class 2-7.
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Fig. 3. Motor voltage and rectifier output waveform.

For the sake of intuition, only part of the sampling period
is shown in the Fig. 4, and the waveform of different fault
elements of the same fault class is similar, but there is a
certain phase difference.

2.3. Controlled constraint parameters model of marine
aquaculture DC brushless generator

In order to realize the power supply stability of DC
brushless generator in marine aquaculture, the object
model of power supply stability of DC brushless genera-
tor in marine aquaculture is constructed by PID controller.
According to the unipolar characteristics of DC brushless
generator in marine aquaculture [3], the differential con-
trol model of DC brushless generator in marine aquaculture
is constructed with the following binary differential equations:

J )

In the Eq. (1), L, denotes the controllable voltage
source, U, denotes the voltage with DC bias, and U, is
the high voltage side voltage. The marine aquaculture

v(u) = LQ[ flu)+ J}! Ffu)du+U, df; (;t)

DC brushless generator control constraint characteristic
quantity is expressed by Eq. (2):

Ao(l) = LAF() + L, f(D) + L, [ Af () - Af(1-1)] @)

where L represents the generation interharmonic cur-
rent of marine aquaculture DC brushless generator sys-

L
tem, L, =—— is the frequency of load fluctuation, and
u

]

Lu
L,=——" is the differential parameter of marine aqua-
u

culture DC brushless generator. Ignore the loss of the
converter, use the fuzzy two-degree-of-freedom control
model for the stability of the power supply of the marine
aquaculture DC brushless generator, output the average
power change rate G, calculate the DC control variable of
the marine aquaculture DC brushless generator [5], adopt
the upper and lower bridge-arm complementary mode,
get the constrained object model of the power transmission:

1.7 0.59¢7%¢
Gus(s) Guls)| | 7s+1 8s+1 3)
Gzl(s) G22(S) -0.6e  1.5¢7

10s+1 9s5+1

A coupler between different frequency systems is
constructed to meet the actual needs, and the stochastic vola-
tility control equation is obtained:

fh= fhun(xl(k) - v(k),x2 (k),r,ho)
x, (k+1)=x, (k) +hx, (k) 4)
X, (k+1)=x, (k) +hfn

In the Eq. (4), v is the DC voltage input signal; d_ is

. . . ? L
the input signal at the determined disturbance step; x is
the first derivative of the input signal; df is the step of the
double closed-loop control, using the joint control method
of the outer loop and the current inner loop, the controlled
DC instruction output filter factor is x,, when the h value
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Fig. 4. Different types of fault rectifier voltage waveforms:
(a) D, hitch, (b) D,, D, hitch, (c) D,, D, hitch, (d) D,, D, hitch,
(e) D,, D, hitch, and (f) D,, D, hitch.

is constant and the input voltage is stable, the X can be
increased when the ki can be filtered; h is the battery char-
acteristic parameter of the marine aquaculture DC-culture
brushless generator, and the DC-free brushless adaptive
steady-state regulation of the marine aquaculture brush-
less DC generator is carried out by the method of load
oscillation regulation [6].

2.4. Adaptive homeostasis regulation of DC brushless
generator for marine aquaculture

Based on the above control constraint parameter model
of marine aquaculture DC brushless generator, the state
view model of DC brushless generator with output voltage
and current command value is presented as:

e=z,-Y

z,=z,-Pe 5)
z, =z, —P,fal(e,0.5,3)

z, =—P,fal(1,0.25,5)+ bu

In the Eq. (5), z,, z, is the maximum power point factor
of DC brushless power generation in marine aquaculture,
y is the characteristic parameter of DC brushless power
generation in marine aquaculture, z, is the interference
factor of maximum powerpoint to the system, and B,, §3,,
B, O, and b is the adjustable parameter of DC brushless
power generation in marine aquaculture [7].

Under the mode of inter-harmonic current frequency,
amplitude, and phase distribution regulation, the state
difference of power supply stability system of marine
aquaculture DC brushless generator is calculated, and the
fuzzy dispatch of power supply stability of marine aqua-
culture DC brushless generator is carried out by using
nonlinear feedback regulation method:

e,(k)=x,(k)-z,(k)
e,(k)=x, (k) -z, (k)

uy(k) =k fal (e, (k), 1,8, ) + k fal (e, (K), 01,5, ©)
(k) = u, (k) - Zab(k)

0

In the Eq. (6), a, a,, 9, 0, and b, is the open-circuit
voltage after the correction of DC brushless power gener-
ation in marine aquaculture; k, k, is the proportion coeffi-
cient and differential coefficient of DC brushless power
generation in marine aquaculture [8].

Using feedforward decoupling control, the oscilla-
tion characteristics in each control sampling period are
assumed to be:

jCll = fl(xlfxwxsz.z)"'bn”] +b12”2
jC.z = fz(xllxlfxz'k.z)"'bn% +b22”2 )

hW=XpY, =%,
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In the Eq. (7), y, is the parameters of the marine aqua-
culture DC brushless generation pi regulator for the d_
channel, f,( 1,561,x2,5c'2),i =1,2 is the dynamic coupling
of marine aquaculture DC brushless generation, b, is the
magnification factor of each frequency component of
the DC brushless generation current in marine aquacul-
ture [9], and the joint characteristic component of the DC
brushless generation amplitude and phase angle in marine

aquaculture is b; (x,a'c,t). The system transfer matrix is:

b, (x,J'c,t)
b, (x,)'c,t)

b, (x,fc,t)
8
, (8)

B 7 ./t =
(v 2:1) L (x50)

where, U = B(x,x,t)u represents the frequency of the har-
monic component. The joint characteristic distribution
of harmonic component and disturbance step between
DC power generation in marine aquaculture is as follows:

{xi = £ (%, %, %, %,,t) + U, )
¥i=x
The joint differential equations of the parameters of

the DC power generation circuit and the parameters of
the controller in marine aquaculture are as follows:

B = fi(x, %00, 5, )+ U

jC'z :fz(leiz""/xm'xm)"'u2 (10)
Y =X Y, =%

According to the above formula, the DC brush-

less adaptive coupling model of marine aquaculture DC

191

brushless generator between different frequency systems is
established for power supply stability.

3. Research on power supply stability
3.1. DC brushless adaptive coupling model

When the rectifier circuit of the generator system fails,
the frequency component of the rectifier output voltage will
change, with some frequency components suppressed and
others enhanced. Therefore, compared with normal oper-
ation, the energy of the signal in the same frequency band
is quite different, which means that the energy of each fre-
quency band signal contains abundant fault information, and
the change of some or several frequency band energy rep-
resents a fault situation. Based on this, this paper proposes
a fault diagnosis method of rectifier circuit with “energy-
failure” as the core idea. Fig. 5 shows the frame diagram of
generator operating condition detection.

Based on the design of the parameters of the control
constraint parameters model of the marine aquaculture
DC brushless generator [10], the output load oscillation
adjustment method is adopted to adjust the DC brush-
less self-adaptive steady state of the marine aquaculture
DC brushless generator. The error control term is as follows:

L =(1-k)L, (11)
L. =KL, (12)
n =k % (13)

22

Taking the amplitude of the interharmonic component
as the constraint parameter and the controlled sampling
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period as the input, the impedance matching of the DC
brushless generator for marine aquaculture is carried out
during the controlled sampling period at the resonant point
[11], and the characteristic of the power supply random anal-
ysis is as follows:

1
W, = =2m (14)
0 LIXCX fO
L 1
Z, = |E=0L =—— 15
0 CX 0 lx (X)OCX ( )

The output power is used as the control objective func-
tion to optimize the power supply stability of marine
aquaculture DC brushless generator to realize the power
decoupling control [12].

Using the equal power Pike transform, the magnetic
conductivity of the marine aquaculture DC brushless
generator is as follows:

MOEVNENOETANCY (16)

The above equations are solved vertically, and the elec-
tric loss and magnetic loss of the marine aquaculture DC
brushless generator are used as constraints to prepare
the DC brushless adaptive distribution control design [13].

3.2. Marine aquaculture DC brushless generator
power supply stability law

The DC brushless adaptive coupling model of marine
aquaculture DC brushless generator with different fre-
quency systems is established. The output constrained
parameter model of DC brushless generator with DC
brushless adaptive decoupling control is obtained by using
multi-dimensional parameter adaptive fusion and steady-
state tracking method:

I cos(a)

= 17
Pl 4oL cos(x)sin(x) ¢ (17)
2
I =—n Cos(x)llDri (18)
V,=Rql, (19)
wherein
’R
x=oa-0=tan" [W] (20)
oL
1
2 ® Imx C
o =tan™ S ——* + tan(x) (21)
8n R4 €os (x)
O=a-x 22)

Error correction of output power distribution control
under synchronous rotating coordinate system. The power
supply stability model of marine aquaculture DC brushless
generator satisfies G (s) = G(s), t, = T, the output voltage
of inverter is calculated, and the optimal control law is:
H(s)+Y(s) =G, (s)U(s) (23)

Using Smith control system for multi-parameter fusion
decoupling adjustment, the power supply stability of marine
aquaculture DC brushless generator is affected by the inter-
ference vector e, and the tracking coupling control is
taken as the optimized object. The characteristic equation of
multi-power distribution control is as follows:

Y(s)  G.(s)Gy(s)e™

= 24
R(s) 1+G.(s)G,(5) 24)

Marine aquaculture DC brushless generator current
ring control transfer function is:

e s +(xzs+Lm)s
(hs+1) ) (h,s+1) ©

Considering the effect of DC brushless generator mod-
ulation signal of marine aquaculture on DC side energy,
the controller parameters have the following characteristic
equations:

Y(s) = (25)

Y(s) _ G (5)Gy(s)e ™
R(s)  1+G.(5)G,, () +Ge(s)(Gy(s)e™ =G, (s)e ™) (26)

Under the condition of maximum power output gain,
the output gain K = AK:K of power supply stability of
marine aquaculture AK > 0 brushless generator is obtained.
In the above analysis, the multi-dimensional parame-
ter adaptive fusion and steady-state tracking method are
used to adjust the DC brushless adaptive gain, and the
inter-DC harmonic fluctuation of the marine aquaculture
DC brushless generator is suppressed to achieve the power
supply stability [14].

4. Analysis of simulation experiment

In order to test the application performance of this
method in realizing the power supply stability of marine
aquaculture DC brushless generator. Performance test-
ing experiments are required, where the power supply
environment is shown in Fig. 6.

The maximum power value of marine aquaculture DC
brushless generator is 450 kW, the target power is 500 kW,
the response time of the whole station power regulation
is 24 ms, the resonant current of marine aquaculture
DC brushless generator is 200 A, the phase inductance
is 11 mH, the no-load start time of marine aquaculture
brushless DC generator is 0.1 s, the duty ratio of the con-
trollable variable of Boost-MMDCT is 0.25. At the same
time, to facilitate the observation of data changes, the
above data input to the PC end, where the data display
interface is shown in Fig. 7.
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Fig. 7. Data display interface.

According to the above simulation parameter setting,
the power supply stability of marine aquaculture brushless
DC generator is tested with different series of the current
system.

The analysis of Fig. 8 shows that the power supply sta-
bility can be effectively realized by this method, the out-
put load is high, and the output power gain is tested. The
result is shown in Fig. 9. The analysis of Fig. 9 shows that
the output power gain of the power supply stability of
the marine aquaculture DC brushless generator is higher
and the performance is better.

No Desian

At the rotational speed of 6,000 rpm, the output volt-
age ripple and ripple coefficient varying with the exci-
tation current at no load is measured, as shown in Fig. 10.
The voltage ripple situation at 270 V constant voltage
output at different load currents is shown in Fig. 11. The
measured results are basically consistent with the law of
theoretical analysis, which verifies the correctness of the
theoretical analysis.

Compared with the simulation results, the measured
ripple value is larger than the simulation results, except for
the two-dimensional finite element calculation error and



100
80
= 60
= Series: DW
k] :
40 /8 —=—C-0
--e-- DW-10
20+
A~ DW-20
0 T T T T
0 5 10 15 20 25
power factor (PF)

Fig. 8. DC brushless output load of marine aquaculture DC brushless

DC brushless generator series.

12' S 7‘
£ 8] ) 7 N
e I2
= 67
&

5 4-
B
=
O 2

0 ;

10 20 30
Sampling point

Fig. 9. Output power gain test.

modeling error, the main reason is that the ripple effect
of the excitation current caused by the fluctuation of the
applied excitation power supply and the inductive poten-
tial of the excitation circuit and the effect of the rectifier
converter are not considered in the simulation [15-17].

Based on the above contents, the power supply stabil-
ity of marine aquaculture is analyzed. In this paper, the
voltage signal will be detected at different locations of the
power supply station, and the power supply stability will
be judged based on this, and the detection results are shown
in Fig. 12.

The voltage signal fluctuation of the rectifier circuit
of the generator is less than 1 V. It can be judged that the
generator is in stable operation at this time.

5. Conclusions

For the multi-power decentralized control design of
marine aquaculture DC brushless generator to improve the
output power gain and stability of marine aquaculture DC
brushless generator, this paper presents a power supply
stability control method for marine aquaculture DC brush-
less generator based on multi-parameter fusion decoupling
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regulation. The nonlinear feedback adjustment method is
used to fuzzy dispatch the power supply stability of marine
aquaculture DC brushless generator, and to control the power
supply stability by controlling the DC harmonic fluctuation
of marine aquaculture DC brushless generator. The results
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Fig. 12. Peak voltage signals at different sampling points.

show that the power supply stability, gain, and distribution
control ability of DC brushless generator are high.
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