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MODELING OF SUPERCAPACITORSWITH FRACTIONALLY INTEGRATED
SECTION IN SIMULINK

Abstract. There has been developed a model of fractionally-integrated section for SIMULINK with high accuracy
and fast performance at the fixed calculation step. The proposed model is an improved version of the supercapacitor
that takes into consideration the diffusive processes and parameters' variation on change of the current polarity.
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MOAEJIMPOBAHUE CYIIEPKOHAEHCATOPOB B SIMULINK C YYETOM
JTPOBHO-UHTETPUPYIOIEN COCTABJISIOIIENA

Annomayusn. Paspabomana modens opobro-unmezpupyrowezo 3eena 6 SMULINK, xapakmepusyrowasca gvico-
KOUmouHocmoilo u Ovicmpodeiicmseuem npu guxcuposannom waze pacuema. Ilpeonoosicena ycosepuieHcmeosannas
MoOdelb CYNepKOHOEHCamopa, yYumulearouas ou@gysuonnsie npoyeccvl U usMeHenue napamempos CynepkoHoeHca-
mopa npu usmMeHeHuu nojaapHocmu mokd.

Knrwouegsle cnosa. opoounwviui unmezpan, IMULINK, cynepronoencamop.
B.B.byumiep, B.B.Mapruniok, O.B.Haiiienko, kanauaaty TeXH. HayK,
II.€.Xpucro

MOAEJIOBAHHSA CYNNEPKOHJEHCATOPIB Y SIMULINK 3 YPAXYBAHHSAM
JIPOBOBO-IHTEI' PAJIBHOI CKJIAJJOBOI

Anomauin. Pospobneno modens 0pobogo-inmezpanvuoi aanku y SMULINK, sxa xapaxmepusyemucs ucoxoro
MOYHICIIO MA WBUOKOOIEI0 NPU NOCIIUHOMY KPOYl pO3PAXYHKY . 3anponoHoeana yOOCKOHANCHA MOOelb CYNEPKOHOEH-
camopa, sKa 8paxo8ye Ougy3itini npoyecu ma 3MiHy napamempis CynepKoOHOeHCamopa npu 3MiHi NOIAPHOCHE CIPYMY .

Knrwouosi cnoea: opobosuii inmeepanr, IMULINK, cynepxonoencamop.

Introduction

The supercapacitor based on the creation of DEL as well as the experimental studies of the
the dual electrical layer (DEL), is described by transient processes and Nyquist diagram of the
fractional calculus [3,5,6] when in dynamic supercapacitors, the model of the supercapacitor
mode. Currently the study of the properties of can be proposed. It will consist of the series-
the complex systems frequently performed util- connected traditional elements — capacity C
izing SIMULINK. However, the methods of and internal resigsance R and also the fraction-
solving the fractional integral by MATLAB are ally-integrated section, which simulates the
not sufficiently developed [6], but for the mod- processes of diffusion and adsorption (Fig. 1)
eling of the supercapacitor the approximate dia- [4]. The impedance of supercapacitor in this
grams from the series-connected RC-chains or model is calculated from the transfer function
transfer functions with high integer order of between Laplace images of the current 1(p)
differentiation and integration have been used.  gnd the voltage U (p) inthe following form:
Such models make it possible to obtain reliable U(p) 1 1
datain the limited frequency ranges. H(p)=—F=R+—+——, D

The object of this task is a search for ara- 1(p) Cp Bp’
tional method of calculus of the fractional inte- Where B — the diffusion coefficient, u — the
grals or derivatives in SIMULINK and devel- fractional order of integration are in general
opment of these methods based on the model of ~ within the limits O< u <1.

supercapacitor, which can be included in the Experimental studies show that the parame-
models of the electro mechanical devices, such ters of the supercapacitor are changing in the
as power drives of electric cars. charge and discharge modes. The reason for this

Theory and experimental data is probably athin layer of dipoles at the bounda-

Taking into consideration the propertiesof  ries of the electrode- electrolyte triggered by the
© Busher V, Martynyuk V., Naydenko E., polar bonds between the surface of electrode
Khristo P.. 2011 and the oriented adsorbed atoms and molecules
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of electrolyte and solvent [1]. This layer can
change all parameters of supercapacitor due to a
certain additional potential jump and sensitivity
to the quality of the treatment of the surface of
electrode and the composition of the environ-
ment. However, obtaining the measurements of
this layer’s parameters is practically impossible.
But independent of the physical causes, it is
possible to examine the groups of parameters
during the charge of R ,C,,B,,u, and dis-
chargeof R ,C ,B ,u_.

In particular the identification of the pa
rameters of the supercapacitor with the certified
capacity of the 299 F of the charge and dis-
charge processes led to the following data:

C, =29F,R =0.00154Q,B, =707, u, =0.673
C =294F,R =0.00143Q, B, =873, u, =0.729.
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Fig. 1. The model of the supercapacitor

Step time modeling

For the simulation of the transient processes
in the supercapacitor it is necessary to create a
model of the fractionally-integrated section.
Let's use the modified form of Riemann-
Liouville for step time fractional order calculus

[2]:
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where At — the step of calculation.
With the fulfillment of calculation with the
fixed step At during the given time interval t,
under zero initial conditions the fractional order
integral of the function f in i-th moment of
time is the result of the product of two one-
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t
dimensional vectors from n, :Zpt elements:; the

deliberate in the m-file vector k and the filled
a measure progression the calculation of f .
For the realization of this procedure let’s utilize
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the standard modules of SIMULINK to ensure
an optimal and speedy solution of the task:

Memory with the vector of initial conditions z,
Selector with the incoming input dimension n,
and index [1:n, 1] aswell as Matrix concate-

nate and Dot product with two vector entrances
(Fig. 2).

Memory  Selactor
Matrix
Concatenate
=
kK ™
Dot Product U

Fig. 2. The model of the fractional
order integral

Based on this subsystem both the fractional
integral and the fractional derivative of signal
can be calculated considering the dependence of
D4 f = I”fi—I”fH.

' At

Results

Showing in Fig. 3 is the resulting model of
the supercapacitor with the changing parameters
in the charge/discharge modes and initial volt-
ageof U, .

Fig. 4 shows the graphs of the calculated
transient processes in the regimes of charge,
voltage regulation and discharge that are in
agreement with the experimental processes. The
integral parts of the voltages of the effective
resigance U, and diffusion element U, are

highlighted. For the supercapacitor with the
above-indicated parameters the standard devia
tion of the calculated voltage compare to the

experimental one comprised 0.0049V (0.38%)

in the charge mode and 0.0035V (0.27%) in the

discharge mode. It makes the degree of the au-
thenticity of the described approach as highly
believable.

Fig. 5 shows the reaction of supercapacitor
to the harmonic signal, which is the basis for the
Nyquist diagram of the supercapacitor with the
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change in frequency. Due to nonlinear distor-
tions the displacement of the phases ¢, meas-

ured between the maximum of current (or Uy)
and the voltage of the supercapacitor U, will
differ from ¢_ between the minimums. Hence

two Nyquist diagrams are possible. In Fig. 6 the
set of such characteristics for the supercapacitor
with the certified capacity of 120F marked as

Z and Z . It is evident that the experimental
diagram Z_,, and obtained on the criterion of
the minimum standard deviation diagram Zg.
placed between Z, and Z .

Fig. 3. The model of the supercapacitor in
SIMULINK
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Fig. 4. Time-response characteristicsin the
charge, voltage regulation and discharge
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Fig. 5. Time-response characteristics of the
supercapacitor to the incoming harmonic signal
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Fig. 6. Calculated and measured
Nyquist diagrams
Conclusions

The model of the fractional order integral
has been developed in SIMULINK, which
makes it possible to investigate the properties of
the systems with the fractional order 0<|u| <1 of

integration and differentiation. This model uses
various methods of the numerical solution of the
differential equations with a fixed step provid-
ing high speed operation.

This model became a basis for the model of
the supercapacitor characterized by a high de-
gree of the authenticity in both the wide fre-
guency range in the study of the reaction of su-
percapacitor to the harmonic signal, and the
charging/discharging modes and voltage regula-
tion. A change in the parameters of the superca-
pacitor due to the change of the polarity of the
current has been realized in this model.

The proposed model can be easily inte-
grated with the models of the electro-
mechanical devices with the supercapacitors
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including but not limited to the drives of the
electric cars with the kinetic energy recovery
systems KERS.
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