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DEVELOPMENT OF AN ENERGY SUPPLY SYSTEM BASED
ON THE PROTOTYPE «KAZEOSAT - 2»

This article discusses the development of a prototype power supply
system «KAZEOSAT -2» for which two types of load behaviour are modeled
and described. In the first approach, the analysis focused on using load
duty cycles to simulate the average power consumption per orbit in order
to study the behaviour of the subsystem for various orbit scenarios. The
second approach consisted in modeling the load switching behaviour
taking into account the event of the mission flight sequence. The article also
analyses the state of the energy balance based on the events of the mission
flight sequence, as well as predicts the effect of power peaks on battery
discharge behaviour. Busbar regulation was implemented, the converter
block and converter efficiency were modeled using resistive resistance in
parallel to its input ports. It is noted that the fill factor of the converter
was controlled using a PI controller and a comparator, which measure the
load voltage and compare it with the reference value.

Keywords: reliability, block diagram, modelling, block, subsystem

Introduction

The reliability block diagram is designed in such a way that it is possible to
identify each element or function used in the product. Each block of the reliability
flowchart n represents one element of the function contained in the element. The
blocks in the diagram follow a logical order that refers to the sequence of events
during the prescribed operation. The reliability scheme of the power supply system
(PSS) is shown and described as follows [1].

Materials and methods

To fulfil the operational requirements of the SC subsystem, to determine the
failures of the PSS and the selected environmental conditions, 7 sections of SC
with 1 auxiliary section were required. Therefore, the SC subsystem will contain
8 sections of SC, provided that the failure of one section of SC will not lead to a
system failure. Each section of SC contains three sequential blocks, which are a
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SC module, an isolating diode (consists of a diode matrix that is used to isolate
malfunctions, that is, blocking SC during shading periods and protecting the system
from short circuit with shunting of the SC module in case of excess power) and a
shunt regulator [consists of transistor matrix with a protective fuse, which is used
for shunting exceeding the power of SC].

The battery subsystem used Li-lon with 22 cells connected in series to
maintain the bus voltage within the permissible range, provided that the failure of
one section does not lead to a system failure. Each section will have one battery
cell connected in parallel by a charge equalization unit to avoid charging and
battery cell discharge malfunction [1].

For the power management and control subsystem, the microcontroller
module (consisting of two parallel circuits) works as a backup module and the
SM control module. SM consists of three sections of control circuits connected
in a «2 out of 3» voting configuration for supervising the microcontroller module.

A reliability flowchart was generated from the subsystem specifications,
failure modes and functional scheme in the following form: «2/8», «2/22», «2/3»
they mean that the failure of one element is acceptable, but the failure of two or
more elements leads to the failure of the subsystem.

Then these values were calculated in the MATLAB/Simulink model, which
simulates the operation of a solar battery in orbit. The current generated by the
matrix was used to power the battery and loads, generating data on the behaviour
of the energy balance of the system. The EPS model is shown in Fig. 1, it consists
of solar panels, a single-stage linear shunt regulator, a battery pack and four load
buses: an unregulated bus, a 28 V bus,a 5 V bus and a 12 V bus.

Figure 1 — EPS model

Two types of load behaviour were modeled. In the first approach, the analysis
focused on using load duty cycles to simulate the average power consumption per
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orbit in order to study the behaviour of the subsystem for various orbit scenarios. In
this case, load switching was neglected, and the power consumption for each bus
was modeled based on its average consumption. The second approach consisted in
modeling the load switching behaviour taking into account the event of the mission
flight sequence. With this approach, it became possible to analyse the state of the
energy balance in more detail based on the events of the mission flight sequence,
as well as predict the effect of power peaks on battery discharge behaviour. Since
the lifetime of the «KazEOSat-2» mission is long (about 7 years), the analysis
discussed in the rest of this article suggests that the degradation of solar cells is
very large (Ld = 90%).

The «Solar panels» unit in Fig. 2 simulates the operation of «KazEOSat-2»
batteries. It consists of input data with input-output curve points (i.e. Isc, Voc, Vmp
and Imp) for each array (+X, -X, +Z and -Z) connected to a MATLAB function
block that implements the equation model. 1, 2 and 3.

=1, [lfC,{eﬁjfl} (N
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where: [ — current during short circuit;
V. — voltage during short circuit;
Vi~ maximum point voltage;
I, — maximum current point;
The total generated current was transmitted to the central bus, and its voltage
was used in the feedback loop with the model, adding a voltage drop of 1.5 V in

each matrix (Fig.2).
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Figure 2 — STC parameters

The input of electrical data was duly taken into account, taking into account
the angle of incidence of the sun and the operating temperatures in orbit. Thus, all
solar cells are combined into an appropriate single array model for this particular
simulation.

A single-stage PWM shunt controller was modeled as a comparator that
compares the bus and the reference voltage (12 V), a PWM generator and a
universal bridge unit (Fig. 3). The “PWM generator” unit was tuned to a frequency
of 10 Hz and generates a two-level pulse using the comparator values as a reference
modulating signal to power the unit «Universal Bridge». The reference voltage
value is less than the maximum charging voltage allowed for the battery pack
(ie. 123 V).
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Figure 3 PWM generator and universal bridge unit

Results and discussion
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The battery pack was implemented in the MATL.AB model using the ‘Battery’
unit provided in the Simscape\Power Systems library (Fig. 4). The unit parameters
were configured in accordance with the table of characteristics of the battery pack,
that is, with a nominal voltage of 10.8 V (3 batteries of 3.6 V in series), with a
nominal capacity of 15 Amp hour and a typical battery response time of 30 seconds.
According to the previous analysis for the thermal subsystem «KazEOSat-2,
the predicted operating temperature of the battery is from +13.5 °C to +13.8 °C.
Therefore, the maximum value is +13.8 °C (i.e. 286.95 K) was set as a constant
ambient temperature in the model.

JI B

Figure 4 —- MATLAB using the ‘Battery’ block

Bus regulation was implemented by connecting the ‘Two Quadrant DC/
DC Converter’ unit (Fig.5) between an unregulated tire and regulated loads. The
converter unit was modeled using a switching function model directly controlled
by regulating the average on/off duty cycle (0 <D < 1) of switching, which ensures
the fastest simulation possible. The fill factor of the converter was controlled using
a PI controller and a comparator, which measure the load voltage and compare it
with the reference value (Fig.5). The PI controller was configured in a continuous
time domain [2].

The efficiency of the converter was modeled using a resistive resistance
parallel to its input ports. The impedance consumes constant power and can be
associated with fixed losses of the converter. It was implemented as a parameter of
the “Current source limiter resistance” block, and its value is given by the formula.:

2
R = I/butt (4)
Pregfbus (1 - ncany)
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where: P — power of regulated bus;

reg-bus

M., — cfficiency of converter;
V..~ battery voltage.

Figure 5 - MATLAB load model for a regulated 5V bus

Conclusions

Since most DC converters currently have an efficiency of more than 90 %,
this value was used in the following analysis.

Loads are modeled as total resistance with constant consumption of active
power. Figure 5 of the regulated bus shows that some loads were connected to
the switch, which was controlled by external data provided by the MAT file. This
data contains information about the on-off states of the load. Loads that were
not connected to the switch were always on during the satellite flight. For an
unregulated bus, the load was directly connected to the battery terminal, as can
be seen in Figure 6.

The load of the ‘Power Management Unit’ on this bus simulates the internal
consumption of the controller of the PSS.

Figure 6 MATLAB load model for unregulated bus
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For the first approach to modeling, that is, the analysis of average power
consumption, the loads in the tires were replaced by a single impedance with active
power consumption equal to the total average consumption of the bus.

REFERENCES

1 Wang, Haosheng Modeling and Simulation of Spacecraft Power System
Based on Modelica / Haosheng Wang, Hongen Zhong. — Web of Conferences
233, 04033 (2021)

2 Tishchenko, Anatoly K. «Machines» / Anatoly K. Tishchenko, Eugeny
M. Vasiljev, Artyom O. Tishchenko. — 8/64 —2020

3 Swinerd, G. Spacecraft systems engineering: edited by Peter Fortescue /
Graham Swinerd, John Stark. — 4th ed. P. cm.

4 Maral, G. Satellite Communications Systems: Systems, Techniques and
Technology / Gerard Maral, Michel Bousquet, Zhili Sun. - 6th Edition .— 2020

5 Gordeev, K. G. Kriterii vybora shemystabilizacii napryajeniya solnechnyh
batarey dlya sistemy energosnabjeniya kosmicheskogo apparata [Criteria for
choosing a solar battery voltage stabilization scheme for the spacecraft power supply
system]: elektronnye I elektromehanicheskiye sistemy [ ustroystva /K. G. Gordeev,
Yu.A. Shinyakov, A. I. Chernyshov, V. O. Elman. — Sankt-Peterburg. nauch. tr. —
Novosibirsk: Nauka, 2007. — 43-48 P. // Electronic and electromechanical systems
and devices: St. Petersburg. scientific tr. — Novosibirsk : Science

6 Flora, C. Battery Program and Progress / Flora C., Neubauer J., Dembeck
J., Pearson C. — The NASA EMU, 2009. — 30 p.

7 Gruzdev, A. L. Sostoyanie I perspektivy razvitiya proizvodstva
vysokotechnologicheskih avtonomnyh istochnikov elektricheskoy energii v Rossii
[Status and development prospects for the production of high-tech autonomous
sources of electrical energy in Russia]: Elektrohimicheskaya energetika /
Electrochemical energy / A. I. Gruzdev. — 2006 — T. 6. —Ne 1. — P. 3 —29.

8 Volkov, N. G. Nadejnost elektrosnabjeniya. [Reliability of power supply]:
Ucheb. posobie/ N. G. Volkov. — Tom.politech. un—ty. Tomsk, 2003-140 p.

9 Colombo, G. Satellite Power System Simulation/ G. Colombo, U. Grasseli.
-1997

10 Oliveira de Magalhaes, Renato Space Power Topology Selection and its
System Level Modeling and Control / Renato Oliveira de Magalhaes, Herbi Junior
Pereira Moreira. — 2020

CIINCOK HCITOJIbB30BAHHBIX UCTOYHHNKOB

136



Bectuuxk TopaiirsipoB yausepcutera. ISSN 2710-3420. Cepus snepeemuueckas. Ne 4. 2022

1 Wang, Haosheng Modeling and Simulation of Spacecraft Power System
Based on Modelica / Haosheng Wang, Hongen Zhong. — Web of Conferences
233, 04033 (2021)

2 Tishchenko, Anatoly K. «Machines» / Anatoly K. Tishchenko, Eugeny
M. Vasiljev, Artyom O. Tishchenko. — 8/64 —2020

3 Swinerd, G. Spacecraft systems engineering: edited by Peter Fortescue /
Graham Swinerd, John Stark. — 4th ed. p. cm.

4 Maral, G. Satellite Communications Systems: Systems, Techniques and
Technology / Gerard Maral, Michel Bousquet, Zhili Sun. — 6th Edition .— 2020

5 Topnees, K. I'. Kpurepun BrIOOpa CXeMbI CTAOMIU3AIUN HAMIPSHKCHHUS
COJTHEYHBIX OaTapeil AJIsi CHCTEMBI AIEKTPOCHAOKEHHUSI KOCMUUYECKOTO armapara;
DNEeKTPOHHBIC U AIIEKTPOMEXaHn4eckue crucrteMsbl U ycrpoiicta / K. I Topnaees,
10. A. lllunsxos, A. U. Yepnsiiies, B. O. Dnpman. -Cankr-IletepOypr: Hayyd. Tp.,
HoBocubupck : Hayka, 2007. — 43— 48 c.

6 Flora, C. Battery Program and Progress / Flora C., Neubauer J., Dembeck
J., Pearson C. — The NASA EMU, 2009. — 30 p.

7 I'py3neB, A. . CocTosiHuE U NMEPCHEKTUBBI Pa3BUTHUS MPOU3BOJCTBA
BBICOKOTEXHOJIOTHYHBIX ABTOHOMHBIX HCTOYHHKOB JJIEKTPUYUECKOM 3Heprun B Poccuu
/ A. Y. Tpy3nes. - Dnexrpoxumuueckas sHepretuka, —2006. —T. 6. —Ne 1. — C. 3 -29.

8 Boakos, H. I., HanexxHocTb anekrpocHadkeHus. Yued.mocodue / Bonkos
H. T’ — Tom.nonurex.yn— T. Tomck, 2003-140 c.

9 Colombo, G. Satellite Power System Simulation / G. Colombo, U. Grasseli.
-1997

10 Oliveira de Magalhaes, Renato Space Power Topology Selection and its
System Level Modeling and Control / Renato Oliveira de Magalhdes, Herbi Junior
Pereira Moreira. — 2020

Material received on 15.12.22

*/I. M. Kanmanosa
JI. H. 'ymuneB atsianarsl Eypasust yITTBIK YHUBEPCUTETI,
Kazakcran PecyOnmukacel, AcTaHa K.

«KAZEOSAT -2» TIPOTOTHUIII BOMBIHIIIA JIEKTPMEH
KAMTAMACHI3 ETYAIH ) KYWUECIH JIAMBITY

byn maxanaoa «KAZEOSAT -2» npomomunitiy 3jeKmpMmeH
2HCabObIKMay HCyUeciniy 0amybl Kapacmoulpblidobl, O]l YUliH JHCYKmeme
opeKeminiy exi mypi MooenbOeHeOi JHcoHe cunammanaovl. Bipinui mocinde
manoay spmypni opoOumanblK, CYeHapuiliep YUlin iuKi JCytieHiy opeKemin
3epmmey MaKcamvlHOa Opoumaza opmawid Kyam mymsiHyobl MOOeibOey
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YULTH HCYKIMEMEHIH JCYMbIC YUKIOepin navdananyea bazeimmanzat. Exinuii
MOCIN MUCCUSHBIY YUY Demi OKU2ACblH eCKepe OMblPbin, JICYKMeMeHI
ayvicmuipy apexkemin mooenvoey 6010vl. COHOA-aK, MaKaiada MUCCUsIHblH
yuty pemminiei OKU2aiapulHa He2i30en2er IHepeust OalanCbIHblY Kyuepi
Mandanaosl HCoHe Kyam wblHOAPbIHbIY 0amapesHovly 3apsiocbi30any
opexemine ocepin 6ondcanovl. [lluna pemmeyi dcyseze acvipbliobl,
mypieHOIpeiw 671026l MOOENbOCHOL JHCOHe MYPIeHOIPSIUMIY MUIMOLILeE
OHbBIY Kipic nopmmapuviMen napaiienvoi pe3ucmusmi Keoepei apKblivl
MoOenboeroi. Koneepmepoin dcymbic Yukii JcyKmeme KepHeyiH ouetimin
JICOHE OHbL AHLIKMAMATILIK, MOHMEH canvbicmbipamuvin Pl konmponiepi men
KOMNapamopobiy, KoMe2imer 0acKapbliamvlHbl aman ominoi.

Kinmmi co30ep: cenimoinix, bn1ok-cxema, mooenvboey, 610K, iuKi Jcytie

*/I. M. Kanmanosa
EBpasuiickuit HanmoHanbHeIM yHUBepcuTeT uMenu JI. H. I'ymunesa,
Pecnybnnka Kazaxcran, r. r. AcTana

PA3PABOTKA CUCTEMBbI DQHEPI'OIIUTAHUA
HA IMPOTOTHUIIE «KKAZEOSAT -2»

B oannoti cmamve paccmampusaemcs pazpabomka cucmembvi
aHepeonumanusi npomomuna « KAZEOSAT -2» 0 Komopou cMoOenuposaro
U ONUCAHO 08a MUNA No8edeHus HazpysKu. B nepsom nooxode ananus
ObLI COCPEOOMOUeH HA UCNONb308AHUU PAOOUUX YUKIOE HASPY30K OJIs
MOOENUPOBAHUS CPeOHell NOMPeOIAEMOU MOWHOCTNY HA OpOUmy, wmoool
U3Y4UMb NOGeOeHUe NOOCUCEMbL OISl PA3IUYHBIX CYeHapued opoumal.
Bmopoii n00xo0 cocmosnin 8 mModenrupoganuu noeedeHus nepexkuiodenus
HA2PY30K ¢ y4emom coOblmust nOCie008AMENbHOCHU NOJEO08 MUCCUU.
Taxoice 6 cmamve NPOAHANUSUPOBAHBL COCMOAHUSL IHEPLEMUYECKO20
bananca Ha ocnoge cobLIMUL NOCICOOBAMENLHOCU NOJCMA MUCCUU,
a makaice CnpOSHO3UPOBAHO BNUSHUE NUKO8 MOWHOCTU HA NOBeOeHUe
paspada bamapeu. bvlLio peanuz068ano pe2yiuposanue WuH, CMOOeIUupO8aH
ba0x npeobpazosamens u 3¢pexmuenocms npeobpazogames
UCNONIL30BAHUEM PE3UCUBHO20 CONPOMUGTCHUS NAPAUIETLHO €20 BXOOHbIM
nopmam. Ommeyeno, ymo KodIppuyuenm 3anoaHeHus. npeobpazosamens
KOHMPOIUPOBANCSL ¢ NOMOWbIo PI-konmponiepa u koMnapamopa, Komopbvie
UMEpsIom HANPsdCcenUe Haspy3KUu U CPAGHUBAIOM €20 C IMATOHHbIM
3HAYEHUeM.

Kniouegvie cnosa: nadescnocmo, 610k-cxema, mooenuposanue, 610K,
noocucmema
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