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The aim of this paper is to describe an energy saving automatized simulation test complex used for spacecraft power
supplies full-scale electrical ground-based tests. The complex allows you to simulate the operation of solar array, lith-
ium-ion-battery and spacecraft payload. The distinctive features of the test complex are a continuous and impulse con-
trol methods combination with an improved dynamic accuracy, and recuperation of consumed energy into its internal
DC network for the better energy efficiency. Test complex operational time from uninterruptible power supply accumu-
lator batteries is significantly increased due to the recuperation of excess power into the test complex internal DC net-
work. The results are experimentally proved.

The authors of the paper analyzed dynamic accuracy improvement and energy saving during ground-based space-
craft power system electrical tests. The process of ground-based spacecraft electrical testing includs the following
tasks:

— the accurate simulation of static and dynamic characteristics of spacecraft power system energy sources and
loads;

— the utilization of energy produced by power system under load and during spacecraft battery charge simulation.

The paper deals with the description of energy saving automatized simulation test complex (ESAST) including com-
plex subsystems structure and experimental study of the test complex characteristics.

Commercially available simulation test complexes usually use continuous or impulse control methods. The continu-
ous control methods decrease energy efficiency, as the most part of energy is dissipated on the regulator, which
requires massive heat sink, increasing weight and size. It makes difficult to produce high-power test complexes. The
impulse control methods provide better energy efficiency, but limit dynamics and real devices fast response reproduc-
tion accuracy. The paper describes the combination of continuous and impulse control methods with the aim of taking
the advantages of both.

The energy consumed by the test complex can be utilized either by the heat dissipation in the environment or by the
recuperation into industrial AC grid. The heat dissipation reduces the energy efficiency, increases the testing room tem-
perature (in case of high-power spacecraft power system) and an air conditioning system. The recuperation into AC
grid is free of specified disadvantages, but it requires the recuperated excess energy parameters matching with AC grid
requirements through the network of grid-tied inverters, which leads to the increase of weight and size of the test com-
plex. Moreover, the recuperation into AC grid is difficult during grid emergency shutdown, which can result in long test
failure. The paper describes the method of excess energy recuperation into the complex internal DC network. The
method significantly reduced test complex energy consumption, which in case of powering test complex from uninter-
ruptible power supply (UPS) notably increase operating time from UPS accumulator batteries during AC grid emer-
gency shutdown.

In conclusion the main advantages of ESAST are given:

— more than twice wattage reduction of test complex main power supply,

— the ability to work during AC grid emergency shutdown with increased operating time from UPS;

— the significant reducing of ESAST main parts weight and size.

Keywords: solar array simulator, battery simulator, electronic load, power supply system, energy saving.
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B pabome paccmompen asmomamu3supogannulil snepeochepe2aiowull UMumayuoHHO-HaAmypHsill KOMIIEKC, NPeoHd-
3HAYEeHHbIU OJi HA3EMHbIX UCHBIMAHUL CUCMEM INeKMPORUMAanus Kocmudeckux annapamog. Komnnexc noszeonsem
uMumuposams pabomy CoIHeuHoOU bamapeu, akKyMyaisimopHou bamapeu u 60pmosoul nazpysxku. OmauyumensHol 0co-
OEeHHOCMbIO KOMNIIEKCA ABNAEMC S KOMOUHUPOBAHUE HENPEPLIBHBIX U UMNYIbCHLIX MEMOo008 YNpAasleHus U UCHOIb306d-
Hue pexynepayuu nompedieHHoll SHep2uu 8 COGCMBEHHYI0 Cemb NOCMOSIHHO20 MOKA C Yelbl0 NOGbIUEHUsS. OUHAMUYE-
CKOU MOYHOCMU U NOGBIUUEHUSI KOIPDuyUuenma noiesHo2o uchoib3oeanus snepeuu. Taxoce pekynepayusi 8 cemov no-
CMOSIHHO20 MOKA CHUdICAem Hep2onompebieHue KOMIIEKCd, Ymo Npu UCNONb306AHUU UCIOYHUKA 6Gecnepeboiino2o
numanus (UBI1) nozeonsem ygenuuums epems pabomsi KOMIIEKCA Om akkymynamopos VbBII.

B cmamve paccmampusaromes 6onpocel nogvlueusi OUHAMUYECKOU MOYHOCMU U CHUIICEHUSL IHEPLONOmpedieHUs
npU NPOGEOCHUU HAZEMHBIX INEKMPUUECKUX ucnvimanui cucmem snexmponumanus (COII) kocmuveckux annapamos
(KA). B x00e nazemnvix snexmpuueckux ucnvimanuti COIl KA soznuxaiom credyrowue 3a0auu:

— HE0bX00UMO OOCMAMOYHO A0EK8AMHO BOCIPOUIBOOUNb CHIAMUYECKUE U OUHAMUYECKUE CBOUCMEA KAK UCMOYHU-
ko6 suepeuu COII KA, max u nompebumeneti,

— npu snepeonazpydiceruu COII u umumayuu 3apsoa 6opmoeou akkymyasmoprou bamapeu (Ab) neobxooumo ymu-
MUBUPOBAML NOMPEONEHHYIO IHEP2UIO.

Cmamwst npedcmagisiem coboi ORUCaHue asmomMamusupo8aHHO20 IHePeocHepe2aue20 UMUMAYUOHHO-HAMYPHO2O0
xomnaekca (DUHK), cmpykmyp e2o noocucmem, dKCnepuMeHmanbHoe noomeepoiicoenue xapakmepucmuk. IIpuseden
erewnuti uo SMHK.

Ipombiuinento gvinyckaemvle UMUMAYUOHHO-HAYPHbLE KOMIIEKCh, KAK NPAGUIO, UCTIONb3YIOM HENPEPbIEHbLE UTU
UMRYIbCHblE MemMOObl ynpasienus. Mcnonvbsosanue HenpepuleHbIX Memo008 YAPAGIeHUs. CHUMCAem Kodpguyuenm no-
JIE3HO20 UCNONb308AHUSL IHEP2UL, NOCKONLKY OMHOCUMENbHO DONbUAsL YACMb IHEPSUU PACCEUBAEMCsL 6 ude menid
HA peyIupylowux 21eMeHmax, a maxce npugooUm K YEeruueHuio Macco2abapumHulx noxkasameneil uz-3a Heobxoou-
MOCMU NpUMEHeHUs. MenI00me0008. Mo 3ampyoHsiem CcO30aHUe MOWHBIX UMUMAYUOHHO-HAMYPHBIX KOMHIIEKCOB.
Hcnonvzoeanue umMnyibCHbix Memoo08 Ynpasienus obecneyusaen 8blcoOKoe 3HaueHue Kodp@uyuenma ucnoib308anus
9Hepauu, 0OHAKO He NO360JiAem NOIYHUMb BblCOKO20 ObICMPOOelcmeuss U a0eK8amHo20 B0CHPOU38edeHUss bblcmpo-
NPOMEKAIWUX NPOYECCO8 PeanbHblXx YCmpolucms. B oannoii cmamve paccmompeno komouHuposanue HenpepbliéHbix
U UMRYIbCHBIX MEMO0O08 YNPAGLEHUs, YO NO360Jiaem 00beOUHUMb UX NPEeUMyUecmad.

Jis ymunuzayuu u30bimo4HOU IHEPeUU 8 NPOMBIULIEHHO 8bINYCKAEMbIX UMUMAYUOHHO-HAMYPHBIX KOMNIEKCAX UC-
NONb3YeMCsl Ul PACCEUBAHUE IHEPSUU 6 SUOe MENd Wil PeKYnepayus 6 NPOMbIULLIEHHYIO Cemb NEPEeMEeHH020 MOKdA.
Copoc uzbvimouHoll SHepeul 8 ude menia CHUMCAem Kodpouyuenm noiesHo20 UCNOIb308AHUS IHEP2UU, NPUBOOUN K
NOBbIUEHUIO MeMnepamypel 6 nomeuwjeHuu (npu ucnvimanuu mownwvix CII1), moscem nompebosams cucmem eHMUISL-
Yuu U KOHOUYUOHUPOBAHUsL 6030yXa. Pexynepayus snepeuu 6 cemv NEPeMeHHO20 MOKA TUUEHA IMUX HeOOCAMKOS.
Oo0naxo ona mpebyem co2naco8anusi NApamempos peKynepupyemoll sHepeul ¢ mpebosanusimu nPOMbIULIEHHOU cemu
NOCPeOCmEoM 6€00MbIX CEMbIO UHBEPMOPOE, YMO NPUBOOUM K YXYOUEHUIO MACCO2aDAPUMHBIX NOKA3amenet KOMNIeK-
ca. Kpome moeo, pexynepayus 6 cemv nepemenno2o moka 3ampyoOHeHa npu deapuiinom OmKIOYeHuu cemu. Imo Mo-
Jlcem npugecmu K Cpbigy OIUMeNbHbIX UCHbIMAnULL. B oannotl cmambe paccmompen Memoo pekynepayuu u3ouimouHou
9Hepeuu 8 COOCMBEHHYIO cemb NOCMOAHHO20 MOKa Komnaekca. [Ipu smom cuudicaemcs snepeonompeodnenue KoMniex-
ca, Ymo npu UCHOIBL308AHUU UCMOYHUKO8 Decnepebotinozo numanus (MBI1) nosviwaem epems pabomor DJUHK om ax-
xymyaamopos UBII npu asapuiinom omxaroueHuy cemu nepemeHHo2o moxda.

B svi600ax cmamsu noouepxusaemcs, umo paspabomannuviii SIUHK obradaem ciedyrowumu npeumyujecmeami:

— BO3MOJICHOCb YMEHLULEHUS. MOUWHOCU UCHIOYHUKA IIeKMPONUMAHUS KOMNILEKCA MUHUMYM 6 084 pa3d,

— coxpanenue pabomocnocooHocmu u ygeauyenue OIUMeIbHoCmu pabomsl om UCMOYHUKA becnepeboliHo20 numa-
HUSL NPU OMKTIOYEHUU NPOMBIULTIEHHOU Cemu NepemMenH020 HanPsIJICeHUs,

— cyuecmeenHoe yMeHbuleHue Maccuvl u 2abapumos cocmashwix yacmeti JUHK.

Kniouegvie crosa: umumamop conaneunoi 6amapeu, umMumamop aKKymyJIsimopHou bamapeu, Hazpy304Hoe YCmpoui-
CMBO, CUCmeMa 31eKmpOnUmanusl, dHepeocoepedicetue.

Introduction. The automatized simulation test com-  based tests of the power supply systems (PS) of the space-
plex (AST) ), which contain simulators of the primary craft (SC). To ensure the required test quality the simula-
energy source (solar battery), rechargeable battery (RB), tors must reproduce the static and dynamic characteristics
and various load devices are used to carry out the ground-  of the prototypes with a sufficiently high accuracy.
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While creating AST of powerful (more than 10 kW)
SC power systems and conducting long-term (resource)
tests two problems arise:

— to ensure the required accuracy of simulating the
static and dynamic characteristics of power sources of the
PS, which is important for the adequacy of the tests per-
formed;

— to save energy and reduce the heat generation of the
complex subsystems , which is important for improving
the functional and operational characteristics of the com-
plex, its weight and dimension.

In the existing AST, the first problem is solved by ap-
plying continuous control laws [1-3], which leads to a
low coefficient of electricity use (no more than 50 %)
and, as a result, to a large heat emission.

While solving the second problem, the pulse control
methods [4] and power recovery to the AC network are
used. At the same time, the dynamic characteristics of
simulators worsen, while meeting the requirements for the
quality of electricity, the recuperator schemes become
more complicated and their cost increases. To improve
the quality of complex power supply the uninterruptible
power supplies (UPS) have been used lately. But even in
this case the significant disadvantage of this method is
that, when the AC power is switched off in an emergency,
recovery becomes impossible.

In this paper, we propose the solution of these prob-
lems: providing the required dynamic properties and in-
creasing energy use in high-power AST

For the solution of the problems with the energy-
saving AST (ESAST) developed by the authors the new
approaches are used:

— the combination of pulse and continuous control
methods for simulators of power installations and subsys-
tems of PS, which allows to increase the coefficient of
electricity use and provide the required dynamic proper-
ties of simulators;

— the recovery of excess power of the load devices in
the DC circuit of the complex power supply system ,
which allows to increase the of electricity use rate, reduce
power consumption from the AC mains and the capacity
of the power source of ESAST and increase the working
time of ESAST from the battery when you unplug
the AC.

The proposed device structure. Fig. 1 shows a block
diagram of the ESAST [5], which explains the use of the
electricity recovery method in the DC network.

In the first mode of operation (the illuminated section
of the SC flight path, the RB charge), the PS receives
electricity from the SAS and supplies the load and the
LibS charge. LDER sets the power loading mode of the
PS and returns the consumed energy to the general DC
power supply network of the ESAST. The LibS operates
in the RB charge simulation mode and recovers excess
energy to the general DC power supply network of the
ESAST.

In the second mode of operation of the PS (the shadow
section of the flight path of the SC), the SAS stops power
supply to the PS. The LibS operates in the RB discharge
simulation mode and provides power to the PS. LDER
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sets the power loading mode of the PS and returns the
consumed energy to the general DC power supply net-
work of the ESAST.

In the third mode of operation (the illuminated section
of the SC flight path, the peak power consumption), the
PS is powered from the SAS and the LibS together. The
LibS also, as in the previous case, operates in the RB dis-
charge simulation mode. LDER sets the power loading
mode of the PS and returns the consumed energy to the
general DC power supply network of the ESAST.

The following advantages of the ESAST structure
should be considered: a relatively simple implementation
of LDER, recovering the consumed energy in single SAS
and LibS power supply, and relatively high specific en-
ergy characteristics of LibS using a bidirectional switch-
ing converter (PC).

The combination of pulse and continuous simulators
control methods, which allows providing high dynamic
characteristics with relatively high energy efficiency, is as
follows. Simulators (SAS, LibS and LDER) contain high-
speed continuous regulators that regulate the output pa-
rameter of the simulator (voltage, current, power, etc.),
and pulse regulators that limit the power dissipation
on continuous regulators and increase the energy
efficiency.

The solar array simulator. The basis of the SAS
(fig. 2) is a continuous current stabilizer with the parallel
control element (ACE) switching on. The CCS consists of
the following devices: ACE, SA1, and CS1. To reproduce
the required nonlinear current-voltage characteristics
of the SB, the continuous current stabilizer (CCS) is cov-
ered by functional voltage feedback (FFD). The use of a
pulsed current stabilizer (PCS) for the current flowing
through the ACE allows us to limit the power dissipated
by the ACE. The PCS consists of the following devices:
PC, PWM, SA2, CS2, Vref.

The principle of operation of the SAS: SA1 compares
the voltage with CS1, proportional to the output current of
the SAS, with the voltage at the output of the FFD and
generates a control signal for the ACE. The FFD gener-
ates a set point for the continuous current stabilizer in
accordance with the specified current-voltage characteris-
tic and the current voltage value measured by the VD.
SA2 compares with the reference (Vref) voltage propor-
tional to the current through the ACE obtained from the
CS2, and generates a control signal for the PC propor-
tional to the deviation of the current through the ACE
from the required value.

The lithium-ion-battery simulator (LibS). The basis
of the Lithium-ion-battery simulator structure (fig. 3) [6]
is a continuous voltage stabilizer with parallel switching
on the ACE. The continuous voltage stabilizer consists of
the following devices: ACE, SA1, VD to reproduce the
required nonlinear charge-discharge characteristics of the
AB, the continuous voltage stabilizer is covered by func-
tional current feedback (CS). The use of a pulsed current
stabilizer for current flowing through the ACE allows you
to limit the power dissipated by the ACE. Pulsed current
stabilizer consists of the following devices: BPC, PWM,
SA2, CS2, Vref.
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Fig. 1. ESAST structure:
RS — rectifier stabilizer; SAS — Solar array simulator;
PS — tested power supply; LDER — load device with energy
recuperation; LibS — Lithium-ion-battery simulator
Puc. 1. CtpykrypHas cxema moxyist DUHK:
BC — BrmpsiMutens-cradunuzarop; UCh — nmuratop conHedHoU
6arapen; COII — ucnbIThIBagMast CHCTEMa 3JICKTPOIUTAHUS,
HYPT — narpy304Ho€ yCTPOHCTBO PEKyNEpPaTHBHOTO THIIA;
HAD — umuTaTop akkyMyJsTOpHOH GaTapen
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Fig. 2. Solar array simulator structure (SAS):
PC — pulse converter; PWM — pulse width modulator; SA — summing amplifier;
Vref — voltage reference; ACE — analogue control element; FFD — functional feedback;
VD — voltage divider; CS — current sensor

Puc. 2. Ctpyxrypnas cxema UCh:
WII — umirynbcHbIi mpeobpasoBatens; [IIIM — mMIEpOTHO-UMITYIIBCHEII MOIYIIATOD;
VC — ycunutens-cymmarop; MOH — HCTOYHHK OMOPHOTO HANIPSHKEHHUS;
HPD — HenpepriBHbI perynupyronmii aneMenT; Y POC — ycTpoicTBO hyHKIMOHATIBHOM
obpatHoii cBs3u; JIH — natunk Hanpspkernust; T — naTauk Toka

The operating principle of the LibS: SA1 compares
the voltage with the VD, proportional to the output volt-
age of the LibS, with the voltage of the FFD and gener-
ates a control signal for the ACE. The FFD generates a set
point for continuous voltage stabilizer in accordance with
the specified charge-discharge characteristic (CDC) and
the state of charge measured by the AHS. SA2 compares
the voltage proportional to the current through the ACE
obtained from the CS2 with the reference one and gener-
ates a control signal for the BPC proportional to the de-
viation of the current through the ACE from the required
value.

Load device with energy recuperation. The LDER
basis (fig. 4) is the continuous current stabilizer with
parallel inclusion of the ACE. The continuous current
stabilizer consists of the following devices: ACE, SAl,
and CSI1.

To reproduce the required nonlinear current-voltage
characteristics of the simulated load, the CCS is covered
by functional voltage feedback (FFD). The use of a pulsed
current stabilizer (PCS) flowing through the ACE allows
you to limit the power dissipated by the ACE. Pulsed
current stabilizer consists of the following devices: PC,
PWM, SA2, CS2, Vref.
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The principle of operation of the LDER: SAl com-
pares the voltage with CS1, proportional to the input cur-
rent of the LDER, with the voltage at the output of the
FFD and generates a control signal for the ACE. The FFD
generates a set point for the continuous current stabilizer
in accordance with the specified VAC and the current
voltage value measured by the VD. SA2 compares the
voltage proportional to the current through the ACE ob-
tained from the CS2 with the reference one and generates
a control signal for the PC proportional to the deviation of
the current value through the ACE from the required
value.

Energy-saving simulation and full-scale complex.
ESAST developed by the authors (fig. 5) contains: SAS,
LibS, LDER, high-speed protection device (HSPD), spe-

cialized hardware and software complex (HSC). The SAS
module consists of 4 independent channels that allow both
parallel, serial connection of two channels and mixed
connections. Each channel provides: the no-load voltage
changing from 20 to 200 V; the short-circuit current from
0.1 to 7 A changing; the VAC shape setting mathemati-
cally, using a table, slopes for voltage and current
branches and a non-linear transition zone; changing the
output capacitance from 500 to 1000 nF with a step of
100 nF.

The module of the lithium-ion battery simulator
(LibS) includes the following blocks: simulation of
charge-discharge characteristics of the LibS; simulation of
analog voltage sensors changes of each battery; simula-
tion of analog temperature sensors.

Iy farc oot
O & O
e VLJ
‘ AE }— SA7 L
-
U, | 8rC » < Vref| || Yot
]
= [cs2] AHC
o st o

Fig. 3. Lithium-ion-battery simulator structure:
BPC — bi-directional pulse converter; PWM — pulse width modulation; SA — summing
amplifier; Vref — voltage reference; ACE — analogue control element; CS — current sensor;
VD - voltage divider; FFD — functional feedback; AHC — amp hours counter

Puc. 3. CtpyxrypHas cxema UAB:
JIUII — nByHanpaBiieHHBIH UMITYJILCHBIH peoOpa3oBarens; [IINMM — mupoTHO-UMITYJIbCHBII
moayistop; YC — ycmurenb-cymmarop; MOH — HCTOUHHK OIIOPHOTO HAINPSKEHNUS;
AT — natunk Toka; HPO — HenpepsIBHBII perynupyronmii snement; JH — naTunk HanpspkeHs;
Y®OC — ycrpoiictBo (yHKIHMOHATBHON 00paTHO# cBsizn; CAY — cueTyrk amrep-4acoB
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Fig. 4. Structure of load device with energy recuperation:
PC — converter; PWM — pulse width modulation; SA — summing amplifier;
Vref — voltage reference; ACE — analogue control element; FFD — functional feedback;
VD — voltage divider; CS — current sensor

Puc. 4. CtpyxrypHas cxema HYPT:

JIH — natunk Hanpspxerust; 1T — natauk Toka; YPOC — ycTpoiicTBO (yHKINOHAIBHOH
obpatHoii ces3u; YC — yeunurenb-cymmarop; HPD — HenpepsIBHBII perynupyrommii
anemeHT; MOH — ucrounuk onopuoro Hanpspkenust; HIMM — mimpoTHO-UMITYJIbCHBIH

npeobpazosareib; U1 — nmysbcHblil mpeoOpazoBarelib

404



ABMGQMOHHaﬂ U paKkemHo-KoCmMu4ecKkas mexnuka

Fig. 5. ESAST:
1 — Hardware and software complex; 2 — Four SAS channels;
3 —PS; 4-LibS; 5 — four LDER channels

Puc. 5. Buemnnii sug DNHK:
1 — AIIK; 2 — getnipe kaHana MBC; 3 — HCTOUHUK AIIEKTPONUTAHUS;
4 —UADB; 5 — uetbipe kanana HYPT

The LibS module provides: changing the voltage from
10 to 105 V; changing the charge current from 0 to 25 A;
the discharge current changing from 0 to 70 A; the shape
of the charge discharge characteristics (CDC) setting
mathematically, using a table; changing the active
component of the internal resistance from 5 mohm
to 50 mohm, the inductive component — from 8 mgN
to 80 mgN.

The LDER module contains 4 independent channels
that allow both parallel, serial connection of two channels
and mixed connections. LDER provides: maximum chan-
nel power of 1500 W; voltage change from 20 to 120 V;
current change from 0.1 to 20 A; guidance of harmonic
interference with an amplitude of 5 A in the band up to
300 kHz.

To confirm the effectiveness of the pilot images of the
main subsystems ESAST a comparative analysis of the
technical and price characteristics of subsystems EINK
modular characteristics of the subsystems of foreign com-
panies [7-9] and energy saving subsystems of the test
systems manufactured was carried out by NIIAM TUSUR
(The Research Institute of Automation and Electro me-
chanics) [10-12], the testing equipment for spacecraft
production leader in Russia.

It should be noted that the main advantages of the
EINK with the recovery of excess electricity to the DC
network of the power supply system of the complex are:

— the ability to reduce at least twice the power source
force of the complex;

— keeping the operability and increasing the operation
duration from an uninterruptible power supply when the
industrial AC network is disconnected,;
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— the significant mass and dimension reduction of the
ESAST components.

Tab. 1 shows the technical characteristics of lithium-
ion battery simulators: BIAB-200LI [10], manufactured
by NIIEM —TUSUR, Tomsk; LibS with two modules par-
allel connection, manufactured by Reshetnev Siberian
State University of Science and Technology, Krasnoyarsk
and a battery simulator manufactured by AMETEK [7],
USA.

Tab. 1 shows that the main technical characteristics of
the Libs developed by Reshetnev Siberian State Univer-
sity are at the same level, and in terms of weight and size
characteristics it is even ahead.

Tab. 2 shows the technical characteristics of simula-
tors of solar cells of comparable capacity: SAS-200/7-4
[11], produced by NIIEM —TUSUR, Tomsk; ISB-200-4K
with parallel connection of two modules, produced by
Reshetnev Siberian State University, Krasnoyarsk and
E4360 Keysight Technologies [8] with parallel connec-
tion of four modules containing eight channels.

Tab. 2 shows that in terms of technical characteristics
and functions the SAS developed by Reshetnev Siberian
State University occupies the intermediate position be-
tween the SAS produced by TUSUR and Keysight Tech-
nologies. The Keysight Technologies SAS disadvantages
are the greater heat capacity when working on the current
branch WAC , the WAC insufficient slope on the branch
voltage, determined by the value of series resistance RS,
low voltage-170V.

Tab. 3 shows comparable in power load device simu-
lators technical characteristics: BIN-100 [12], produced
by NIIEM-TUSUR, Tomsk; NUK-120-4K with parallel
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connection of two modules, produced by Reshetnev Sibe-
rian State University, Krasnoyarsk and EA-ELR 9250-70
Elektro-Automatik [9], Germany.

Elektro-Automatik load devices have good weight and
size characteristics, but the reason is ,that the function of
directing test sinusoidal and pulse currents on the buses of
power sources is limited to a frequency band not exceed-
ing several kilohertz by the use of pulse converters. It is

necessary to increase the frequency band to hundreds of
kilohertz and measure the impedance frequency character-
istics of power sources in order to study the noise immu-
nity, while the use of continuous load devices is required,
which significantly worsens the weight and size charac-
teristics of the devices. This is illustrated by the load de-
vices production TUSUR and Reshetnev Siberian State
University.

Table 1

Energy and mass-dimensional characteristics of lithium-ion battery simulators

Ne Parameter Dimen BIAB-200LI NIIEM | Libs Reshetnev | Battery String Simula-
tion TUSUR Siberian State tor, AMETEK
University
1 | Charge/ discharge voltage range Volt 40-110 10-120 120
2 | The maximum power in the discharge Watt 12000 14700 18000
mode
3 | Discreteness of charge/discharge volt- Volt 0.1 0.1 No data
age adjustment
4 | The magnitude of the output voltage mVolt 50 500 No data
ripple, not more
5 | Maximum charging current Amp 30 50 50
6 | Maximum chargig current Amp 200 voltage not 140 150
more than 60 Volt. over entire
109 voltage 110 B voltage range
7 | Charge/discharge characteristics simu- - no yes no
lation
8 | Recuperation in charge mode - no yes no
9 | Voltage sensors simulation - yes yes yes
10 | Temperature sensors simulation - yes yes yes
13 | Specific volume m’/Watt 79.56 x 10°° 16.46 x 10° 114.76 x 10°°
14 | Specific gravity kg/Watt 3333 x10° 8.84x 107 3125 x10°
Table 2
Energy and mass-dimensional characteristics of lithium-ion battery simulators
Ne Parameter Dimen- SAS-200/7- SAS-200-4K E4360
tion 4TUSUR Reshetnev Keysight
Siberian State Technologies
University
1 Control range Uxx Volt 40-210 20-210 20-170
2 Adjustment discreteness Volt 0.1 0.1 0.048
3 Single-channel icz current adjustment range Amp 0-8 0-7 0-3.8
4 Icz current adjustment discretness Amp 0.01 0.01 0.0012
5 VAC reproduction error % 5 2 No data
6 Frequency band for admittance playback I'm Hz No data 100000 No data
7 Frequency band for admittance playback % No data 5 No data
not more
8 Resistance serial RS minimum Om Om 0.3 0.3 1.72
9 Specific volume m’/Watt 87.71 x 107° 4320 % 10° 30.36 x 107°
10 | Specific gravity kg/Watt 32.74 x 1072 16.43 x 10~° 14.75 x 107
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Table 3

Energy and mass-dimensional characteristics of the regenerative-type load devices

No Parameter Dimen- BIN-100 NUK-120-4K EA-ELR 9250-70
tion TUSUR Reshetnev Siberian Elektro-Automatik
State University
1 Maximum input voltage Volt 100 120 250
2 Input current range Amp 0-65 0-80 0-70
3 Adjustment discreteness Amp 0.01 0.01 No data
4 Range of sinusoidal load test Amp 0-15 0-16 No data
current
5 Adjustment discreteness Amp 0.1 0.1 No data
6 Frequency range of the k' 0.02-100 0-300 No data
test signal kHrz
7 Constant resistance load simula- - no yes yes
tion
Constant power load simulation - no yes yes
Recovery of excess energy - To the indus- To the DC network To the industrial AC
trial AC of the test complex network
network
10 | The ability to work when dis- -—- No, without yes no
connecting the commercial additional
power supply AC voltage devices
11 | Specific volume m’/Watt 90.68 x 10°° 4032 x10° 22.36 x 10°°
12 | Specific gravity kg/Watt 33.85x 10° 1833 x 10°° 9.72x 10

Conclusion: The main subsystems of the ESAT de-
veloped by Reshetnev Siberian State University in most
parameters are at the world manufacturer technical char-
acteristics level, and in a number of functions it is some-
times higher. In particular, it concerns the dynamic prop-
erties: the frequency band for reproducing the AB imped-
ance, the SB admittance, the frequency range for inducing
the test current of the sinusoidal form of the LDER, and
the power utilization coefficient.
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