MATEC Web of Conferences 100, 01002 (2017) DOI: 10.1051/matecconf/201710001002
GCMM 2016

Parameters Designing of Slide Mode Variable Structure
Controller of Bus Voltage of DC Microgrid Based on Proportion
Switching Function

Zhenchuan Sun'?, Jiasheng Zhang' and Zhen Guo'?

!College of Information and Control Engineering, China University of Petroleum(East China), Qingdao, Shandong, China
2 School of Mechanical and Electronic Engineering, Zaozhuang University, Zaozhuang, Shandong, China

3 College of Automation Engineering, Qingdao University of Technology, Qingdao, Shandong, China

Corresponding Email: author@e-mail.org

Abstract. Constant value control of the DC-bus voltage is a essential problem of the control
system of the DC microgrids. DC-DC converters are applied in parallel to realize the transform
of energy from the distributed generations (DGs) to the DC-bus. Droop control methods are
applied to the DC-bus voltage while PI controllers are used in controlling the duty ratios of the
converters. This method may bring out the slow response speed of the system accompanied by
the large ripple of the voltage. The slide mode variable structure control can speed up the
response and reduce the ripple of the voltage as well. In the traditional slide mode control based
on the proportion switching function, the denominator of the transfer function of the controlled
plant is a second-order characteristic polynomial without the constant term. The denominators
of the transfer functions of the buck DC-DC converters contain the constant terms. The
designing of the parameters of the slide mode control based on the proportion switching
function is analyzed based on mathematics deductions. Simulation results show that the selected
parameters can not only speed up the response of the system but also greatly reduce the ripple
of the voltage.

1 Introduction

To solve the problem caused by energy voltage and envi-ronmental pollution, more and more attentions are payed to the
distributed power generation technology.There are many advantages in the DGs such as lesspollutions, higher energy
efficiency, and flexible loca-tions. Compared with the centralized power generations,it save the operating costs with
reducing the line losses. With the development of the power electronics and themodern control theory, the microgrid
emerges as anorganic whole combined with DGs, loads, energystorage devices and control devices. It may be
operatedby the grid-connected mode and the island mode. ACmicrogrids are the main form of the microgrids.DC-buses
are applied to transform the energy from theDGs to the loads in the DC microgrids. The reliabilityand controllability is
improved as the control of thefrequency and the phase position is undesired in the DCmicrogrid [1,2].

Constant value control of the DC-bus voltage is aessential problem of the control system of the DC microgrid [3].
The droop control method is applied in the traditional control method of the dc-bus voltage [4].The duty ratios of the
DC-DC converters are controlled by the PI controllers which make the dc-bus voltage constant [S]. With the droop
controllers and the PI controllers applied to the system, the response time may be long and the ripple of the dc-bus
voltage may be large. In the dynamic process of the control system, the slide mode variable structure controller can vary
on purpose according to the current state of the system which make the state move along the predetermined path of the
slide state. The fast response may reduce the ripple of the dc-bus voltage and show the strong robustness [6].

By analyzing the parameters designing of the slide mode variable structure controller based on the proportion
switching function, using the transform

function of the buck DC-DC converters with small-signal equivalent model, this paper makes a lot of theoretical
calculations as the selecting of the parameters of the controller. With the phase plane as the analytical tool, the motion
characteristics and stability is analyzed while the method proposed in this paper is tested by Matlab/Simulink. The
simulation results show that the selected parameters can speed up the response and reduce the ripple of the dc-bus
voltage. The robustness is present in the proposed method of the designing of the parameters.
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Commons Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).



MATEC Web of Conferences 100, 01002 (2017) DOI: 10.1051/matecconf/201710001002
GCMM 2016

2 The circuit of the DC microgrid control system

The circuit of the DC microgrid control system is shown as Figure 1.
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Fig. 1. The circuit of the DC microgrid control system.

In the DC microgrid control system, two buck DC-DC converters are applied to realize the transform of the energy.
The values of the inductances, capacitances and resistances are the same while the input voltages of them are not, so as
to simplify the analysis. The modified droop control strategy is used to realize the current-sharing control of the two
converters [7,8]. The SMC is the slide mode variable structure controller based on the proportion switching
function.The transfer function of the buck converter is approximate using small-signal equivalent model. The
impedances of the cables from the convertes to the load is supposed as the pure resistances. The load is a equivalent
pure resistor load [9,10].

3 Parameters designing of the SMC of the DC microgrid system

The transfer function of the buck converter of the small-signal equivalent model is as formula (1).

U U,
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While U, is the input voltage of the buck converter. It is not the same as the transfer function of the SMC based on the

proportion switching function in form because of its denominator is a second-order characteristics polynomial with a

constant term. The form of common transfer function is
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Suppose that G(s) = ,formula (1) can be rewrited as the state space model as formula (2).
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According to the control method of the SMC based on the propotion swithching function, the position
command signals of the two SMC controllers are the output voltages of the two converters. That is to say
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From formula (2) and (3),we can get
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While u = (a|e| +pf |é|) sgn(s), s=ce+e. This paper focuses on the designing of the parameters

a,f and c.
In order to simplify the problem, we make following assumptions:
(1) We suppose that & >0, > 0,and ¢ <0.
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(2) Only the locus of the slide mode from the initial point to the switching surface is considered

(3) The two SMCs of the two converters are designed on the same theory.

That is to say, the only situation that should be researched is thate >0, é<0 and s>0. This situation
shows that the actual value is gradually approaching the setting value.

1£ 5> 0 then sgn(s)zlyu:ae—ﬂé.
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According to the reaching condition of the slide mode, we get
s$<0 O]
So,8<0.
Using formula (6) we can get
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If — >0, then the last line of formula (8) can be calculated as
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Since 1+U,a>0, so formula (9) canbe expressed as the straight line [, in Figure2 which phase

®

plane plot with e as its x axes and € as its y axes.
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Fig. 2. The phase plane plot of the SMC.
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According to the plane geometry,inequality systems
s=ce+é>0
U,, 1+Ua UPR+RLCc—L . 10)
§=—"= —e+— e<0
LC LC RLC
is expressed by the shaded area in Figure 2.That is to say, the locus of the slide mode from the initial point to the line /,

should be within the shaded area in Figure 2.
So,we can get inequality constrains as follows:

Uur@f
Uaref
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Formula (11) can be calculated as
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<0, then the last line of formula (8) can be calculated as
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As the analysis mentioned above, formula (13) can be expressed as the straight line /; in Figure 3.
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Fig. 3. The phase plane plot of the SMC.
Suppose the locus of the slide mode lies in the shaded area, we can get
Uoref

— > Uore/ 4

1+U,a ‘
Formula (14) is in conflict with the initial conditions including that & >0 .So the suppose that
UPR+RLCc—-L

RLC

From the above, the parameters should satisfy the following inequality constrains from the initial point to the
switching surface is formula (12).

0<1+U,a<l (14)

> 0 is false.

4 Simulation Results and Analysis

The circuit parameters of the two buck converters are as follows: R = 0.6€2, L = 6% 10°H, C=4x10"F,
f. =4x10"Hz. The input voltages of the two buck converters are U,, and U,,.U,, =200V,
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U, =400V. The initial duty cycles of the two buck converters are d, and d,. d, =56.25%,

d, =31.25%. The reference of the de-bus voltage changes with time as follows:

t: 0~0.1s,U,,, =100V,
0.1s~0.25,U,,,, =120V,
02~03s5,U,,, =110V,
03~0.4s5,U,,, =130V.

The parameters « , ,B and ¢ are selected by the formula (12) are as follows:

a>0

6x107° —1.44x107¢ _ 6x107° ~1.44x107¢
£> 5 > > (15)
1.2x10 2.4x10
6x107° -2.4x10*°B  6x107° -1.2x10° B

<
1.44x1077 1.44x1077

c<0

As the formula (15) mentioned above, we take @ =500, =10, ¢ =—50 as an example.
The simulation results based on the theory above are figures as follows:
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Fig. 4. The dc-bus voltage of the DC microgrid based on SMC.

20
U,

180 / ’

0 005 01 015 02 025 03 035 04
ts

Fig. 5. The output voltages of the two buck converters based on SMC.
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Fig. 6. The output currents of the two buck converters based on SMC.

By constract, the simulation results based on the PI controllers are shown as follows. The parameters of the two PI
controllers are kﬁ =1.25, k,1 =1; kPl =1.5, k,l =1 [11]. Based on that the response time of PI controllers is
longer than it of SMC.The reference of the dc-bus voltage is reset as follows:

t: 0~5s,U,

oy =100V,

55 ~10s,U,,, =120V,

105 ~155,U,,,,, =110V,
105 ~155,U,,,,, =130 V.
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Fig. 8. The out voltages of the two buck converters based on PI controller.
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Fig. 9. The output currents of the two buck converters based on PI controller.

From Figure 4 to Figure 6 we can come to the conclusion that the actual dc-bus can track its four different set
values within 0.1s based on the SMC.The output currents of the two buck dc-dc converters are identical.

From Figure 7 to Figure 9 we can come to the conclusion that the actual dc-bus can also track its four different set
values based on the PI controllers. But the response time is 5s. The output currents of the two buck dc-dc
converters are the same after 5s. Besides, from Figure 4 to Figure 9, we can get that the ripples of the voltages and the
currents based on the PI controllers are larger than them based on the SMC.

The simulation results show that the SMC including reasonable parameters is superior to the PI control. The method
of the parameter designing may also be applied to other controlled plant which transfer function has the second-order
characteristic polynomial as its denominator including constant term.

5 Conclusion

Based on the mathematical derivations of the theory of the proportion switching function of the SMC, a new parameter
designing of the SMC has been present in this paper. Taking the buck dc-dc converters of the DC microgrids as an
example, using the transfer function between and duty cycle and the output voltage based on the small-signal model,
this paper has provided us many valuable conclusions. The simulation results show that the SMC including the
reasonable parameters is superior to the PI control. Furthermore, the research of the state which has reached the
switching surface along with the change of the parameters of the SMC based on the proportion switching function will
be dealt with in future.
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