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METHODS EXPERIMENTAL RESEARCH WORKING CHARACTERISTICS
OF THE ELECTROMAGNETIC SHOCK ABSORBER

S. Rozhkova, assistant professor, cand. eng. sc.,
S. Rozhkov, post graduate student KhNAHU

Abstract. Description of the technique of experimental research and building of the working charac-
teristics of the electromagnetic shock absorber based on the properties of the cylindrical linear ma-
chine. A mathematical model that describes the experimental study was built. The design of the exper-
imental plant and the principle of experimental measurements was described.

Keywords: Electromagnetic shock absorber, cylindrical linear machine, experimental plant, electro-
motive force, Ampere force.

METOJIAKA SKCHEPUMEHTAJBHBIX UCCJIEJTOBAHUI PABOUNX
XAPAKTEPUCTHUK SJIEKTPOMATHUTHOT'O AMOPTHU3ATOPA

C.3. PoxxkoBa, 101eHT, K.T.H., C.II. Po:xkoB, acnupant, XHAY

Annomayus. Onucana memoouka 3KCHEPUMEHMALbHbIX UCCIe008AHULL U HOCMPOEHUs padouux
XAPAKmMepucmux NeKmpoMAaAcHUMHO20 AMOPMUAMOPA OCHOBAHHASL HA CEOUCMBAX YUTUHOPUHECKOU
nunetinot mawunvl. I[locmpoena mamemamuyeckas Mooeb, ONUCHIBAIOWAST IKCHEPUMEHMATbHbLE
uccnedosanus. Onucamo YCmpoucmeo 3KCNEPUMEHMANIbHOZ0 CMEHOA U NPUHYUR NPOBEOCHUs.
IKCNEPUMEHMATLHBIX UIMEPEHULL.

Knioueevie cnoea. OnekmpomacHUmHbIL aMOpMU3AMOp, YUIUHOPUYECKAs JUHEUNHAs MAulHa,
IKCNEPUMEHMATIbHBII CIMEHO, NIeKMPOOsUXICYWas cuia, cuna Amnepa.

METOAUKA EKCIHEPUMEHTAJIBHUX JOCJIIKEHb POBOYUNX
XAPAKTEPUCTHUK EJIEKTPOMAI'HITHOI'O AMOPTU3ATOPA

C.E. Po:kkoBa, 101eHT, K.T.H., C.II. PoxkoB, acnipant, XHAY

Anomauin. Onucano Memoouxy exKcnepumMeHmaIbHux OoCHiodcenb ma nobyo0osu podoouux
Xapaxmepucmux e1eKmpoMacHimHO20 aMoOpmu3amopda, 3aCHOBAHA HA  GLACMUBOCHSIX JIHIUHOL
yuninopuunoi mawunu. Ilobyoosana mamemamuyna MoO0elb, KA ORUCYE eKCNePUMEHMATbHI
odocrnidoicennsi.  Onucano ycmpitli  eKCHepUMEHMAIbHOZ0 CMEHOd mMAa NPUHYUN  NPOBEOEeHHs.
eKCNnepuUMeHmMaIbHUX GUMIDIE.

Knrwouoei  cnoea:  EnexmpomacHimuuii — amopmu3amop, — YuiiHOpuyHa — NiHIUHA — MAuwuHa,
eKcnepumMeHmanbHuli CmeHo, eleKmpopywitina cuna, cuna Amnepa.

Introduction efficient. Thus, replacing the passive hydraulic
shock absorber on the control electro-magnetic
Improving the energy efficiency of a car is one shock absorber with the possibility of fluctua-

the most important tasks of the modern automo- tions energy regeneration on-board network is
tive industry. One way is to replace less efficient an urgent task to improve the energy efficiency
units of a car with those that are more energy- of a car.
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Studies of electromagnetic shock absorber and
construction of its performance requires the es-
tablishment of test procedures and test facility.

Analysis of publications

The classic way of experimental studies for pas-
sive hydraulic shock absorber described in [1].
A shock-absorber rod supplied harmonic dis-
turbance of known frequency and amplitude.
After that, the parameters are measured to de-
termine movement of the rod in the compression
and rebound damping. The resulting cyclic chart
graphically converted in the performance damp-
er. Modern shaker tests can check the status of
suspension systems [2] without dismantling the
shock absorbers. It can transfer all characteris-
tics of the shock absorbers directly to the output
device computer subsystem. In developing an
EMSA at the Eindhoven University of Technol-
ogy was established test stand [3] which using a
linear motor simulated random road surface with
a given spectral density.

Properties of the electromagnetic shock absorb-
ers enables us to investigate the performance by
a more simple method.

Purpose and task

The purpose of experimental investigations is a
performance characteristics building and finding
of resistance coefficient for electromagnetic
shock absorber (EMSA) in different working
modes, sprung and unsprung weights, and
movements mutual speed of an automobile.

Main section

The EMSA is built on the base of cylindrical
linear machine (CLM). Using CLM properties it
becomes possible to make experimental investi-
gations by methods for CLM [4].

The scheme of a test stand is shown in the fig. 1.

The magnetic part of EMSA is falling down
along a three-phase winding. This is a simula-
tion of sprung and unsprung weights mutual
movement. The weights’ different values will
set the different speeds of falling. The experi-
ment is based on the phenomenon of the current
emergence in a conductor when it moves in
permanent magnetic field. The electromotive
force (emf) is inducted in the moving wires
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when they move through the magnetic field and
cross the magnetic field lines.

5
s
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1) winding part; 2) magnetic part; 3) weights;
4) 6-pulse rectifier; 5) variable resistor;
6) digital oscilloscope IRIS; 7) notebook
Fig. 1 — The test facility scheme

This happens in accordance with the law of elec-
tromagnetic induction [5]. This emf equation is

do
E-—k22 1
m 1)

where E — emf;
k — construction coefficient;

(L_? — magnetic flux changing.

When the winding is picked up into load or
closed onto fault, the current begins to flow
through it. The current generates a force that
counteracts the magnetic part of EMSA move-
ment.

This force is proportional to the movement
speed of the magnetic part, which occurs under
gravity force, but directed opposite to the
movement.

After some time, the gravity force, which acts
on the magnetic part of EMSA with weights,
and the opposite force, will be balanced and
speed stabilized. The value of the stabilized
speed depends on the magnetic part weight with
added weights, the resistance coefficient of EM-
SA and dry friction force.

The resistance coefficient of EMSA depends on
the emf value, own resistance of the winding
and load in winding circuit. The dry friction
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force is generalized by the description of forces
that have mechanic and magnetic character, di-
rected opposite to movement and does not de-
pend on movement speed. This force is deter-
mined experimentally and, as a rule, is consider-
ably less than Ampere force.

For finding of the experimental stand main
properties, we need to build the mathematical
model of the magnetic part movement.

The movement differential equation is
m%+kv:mg—F, 2

where m — mass of the EMSA magnetic part
with added weight;

k — resistance coefficient of EMSA,;

v — speed of the EMSA magnetic part with add-
ed weight;

g — gravitational acceleration;

F — dry friction force.

The solution of differential equasion is obtained
in the form of

k
V:m[g—E—C-e mtJ. 3)
k m

For integration constant C determination, let’s
put initial conditions — v=v,, t=0 into (3). At
the end we’ll get equation for current speed of
EMSA magnetic part determination.

From (4) we can see that speed changing pro-
cess is the subject of exponential dependence. If
t —oo the speed is approached by asymptote to

the value %(mg—F). The process speed de-

termined as a ratio of the EMSA magnetic part
with added weight mass and resistance coeffi-
cient. Let’s accept the moment and the coordi-
nate of the entry speed into the 5% asymptotic
corridor values as the origin. Thus, the ratio of
the remaining path and the time of passage of
magnetic part with the added weight of this path,
would enable us to determine steady speed. The
Ampere force will be equivalent to the gravity
force, which acts on the EMSA magnetic part

with added weights.

From (1) it is clear that inducted emf is directly
proportional to the movement speed, thus the
moment of the emf steady state beginning is the
same as the moment of the speed steady state
beginning. Measure the emf signal with help of
digital oscilloscope and determine the moment
of the emf steady state beginning, thus we de-
termine the steady speed of magnetic part with
added weight movement.

By changing added weight and phase winding
ohmic resistance, we can build working charac-
teristics of EMSA. Working characteristics of
any EMSA will be the reflection of the origin,
thus it is enough to make movement only in one
direction.

Conclusion

The proposed test method EMSA uses the basic
principles of CLM. Its use simplifies the prepa-
ration of the performance of EMSA. It elimi-
nates the need to create complex devices be-
cause it simulates harmonic or accidental dis-
turbance and avoids the need for adapting a
standard test stand, hydraulic shock absorbers
for the design and requirements of EMSA. Ade-
quacy of the mathematical model leads to a high
prediction accuracy of expected results.
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YK 621.313.333

INPEOBPA3OBATEJIb HAIIPSKEHUSA JJIA CUCTEMBI PEKYIIEPATUBHOI'O
TOPMOXEHUA T'NBPUIHOT'O ABTOMOBHJISA C COXPAHEHUEM
TEILIOBOM DHEPT UM

B.A1. JIBagHeHko, 101EHT, K. T.H., XHAJY

Annomayua.  Paccmompenvt  ocobennocmu  peKynepayuu - noosapsiicaemozo  2UOpUOHo2o
asmomoduns.  Ilpeonosicena memoouxa peKynepamueHo20  MOPMONCEHUsT  NOO3APSNCAEMO20
2UOPUOHO20 ABMOMOOUNL C COXPAHEHUeM Menogol 3Hepeuu. Paspaboman 0131 npakmuyeckou
peanuzayuu  npeoioNCeHHOU Memoouku OaoK npeobpazoeamens. 3adaua eco npeobpazoeamv
HANPSIJICEHUe GEHMUILHO20 DIeKMPOOSUSAMENss 8 PEeXNCUMe 2eHepamopa 6 pabouee HANPANCEHUE
npeonycKo8020 NOO02Pesamers.

Kniouegvie cnosa: eenmunvhulll d1eKmpoosueamens, KOH8EPCUs A8MOMOOUNA, SUOPUOHASL CUNOBASL
YCMAHOBKA, peKynepayus, npeoopazosameib HanPANCEHUs.

NEPETBOPIOBAY HAIIPYI'Y AJIS1 CHCTEMHU PEKYIIEPATUBHOI'O
TAJIBMYBAHHSI I'BPUIHOTI'O ABTOMOBLIS 3 3BEPEKEHHSIM
TEILJIOBOI EHEPI'II

B.JS1. IBagHeHKO, JO1EeHT, K.T.H., XHAIY

Anomauin. Poszensanymo ocobnueocmi pexynepayii 2iopuoHoco asmomooOins, AKull 3apsodiCcacmsCs.
3anpononosano MmemoouKy peKynepamueHo20 2albMY6AHHA MAKo20 2IOpUOHO20 aemomoodinsa i3
30epedicenHam mennosoi enepeii. Po3pobieno onsa npakmuuHoi peanizayii 3anponoHo8aHoi Memoouxu
0710k nepemeopiosaud. 3a80anHA 1020 Nepemeopumu HAnpyey 6eHMUNIbHO20 eleKmpoOsUSYHA 6
pedxcumi eenepamopa 8 pooouy Hanpyzy nepeonyckogozo nioiepieaya.

Knrouosi cnosa: senmunvHull enekmpooUsyH, KOHEpCis asmomo0ins, 2iopuoHa cunoea YCmaHosKd,
peKynepayis, nepemeopiosay Hanpy2u.

VOLTAGE CONVERTER FOR REGENERATIVE BRAKING SYSTEM OF
HYBRID CAR WITH TERMAL STORAGE

V. Dvadnenko, associate professor, Ph.D., HNADU

Abstract. We reviewed the characteristics recuperation rechargeable hybrid car. The technique of re-
generative braking of a hybrid rechargeable car retaining heat. Designed for the practical implemen-
tation of the proposed methodology converter unit. His task is to convert the voltage BLDC motor as a
generator to the operating voltage preheater.

Keywords: BLDC motor, the conversion of a vehicle, a hybrid propulsion system, electric drive, recu-
peration,DC-DC convertor.

Beenenmne aBTomMoOmiei. Ocobo creayer OTMETHTh MaJIblid

pacxon yIrJIeBOLOPOMHOrO TOIUIMBA, a 3HAYUT U

B Hacrosmee BpeMs  XOpOLIO  M3BECTHBI Manbelii BeiOpoc CO2, mpu SKcIulyataiyd B
NPEUMYIIECTBA TOA3APSIKAEMBIX THOPUIHBIX TOPOJICKHUX YCIIOBUSIX, MOCKOJIBKY
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3HAUUTEJIbHYI0 4YacTb IIyTH, CBSI3aHHYIO C
HEPKOHOMHUYHBIMU pekumamu  paborel IBC,
TaKOW aBTOMOOWIJIb MOXKET MPOXOJUTH 3a CUET
SHEPIUM B3SITOM W3 BJIEKTPUYECKOM CETU MpU
3apsAAKe TATOBOIO aKKyMYyJIsITOpa. OTa SHeprus,
CPaBHUTEIBHO Hezoporasi, CYLIECTBEHHO
JIeIIeBIe 3HEPruu u3 OEH3MHA, OCOOEHHO €CiH
3apsiiKa MPOM3BOAUTCS B HOYHOE BPEMsi, KOrzaa
ANIEKTPO3HEPrUsl UMEET HU3KYIO CTOMMOCTD,

AHanu3 myoJuKanmii

[TepeobopynoBanue (KOHBEPCHs) OOBIYHOTO
aBTOMOOWIJISI B TOA3apshKaeMblii  THOPWIHBIH
aBTOMOOWITb (Plug-in Hybrid) naer
BO3MOJKHOCTb B HECKOJIBKO pa3 YMEHBLIUTb
CTOMMOCTB KUJIOMETpa MpoOera U CyIIeCTBEHHO
YIAy49uTh OKonorutoo. Jlims  ocymiecTBieHUs
KOHBEPCHH OOBIYHBIM aBTOMOOWIIL HEOOXOAUMO
JIOTIOJTHUTH TATOBBIM JJICKTPOIPHBOIOM. Torma

4acTh IMYTH TOA3apsHKaeMblil  THOPUIHBIH
aBTOMOOHITb MOKET c BBICOKO
3p(PEKTUBHOCTBIO  JIBUTAThCS  TONBKO  Ha
NEKTPUIECKON SHEPruu TATOBOM

akkymyusitopHoit 6atapeu (TAB) [1,2].
Kongepcus

Ha kadenpe aBTOMOOWJIBHOW —3JCKTPOHUKH
XHAJZlY  Obima  mpoBeaeHa — KOHBEPCHS
aproMoOmist  Jlanoc-mukan.  OcoOEHHOCTBIO
KOHBEPCHH SIBJISIETCS] OTHOCUTENFHO HEOOIbIIAs
MOIIHOCTb 3JIEKTPONPHBOAA M OTHOCHTEIILHO
HeOompiiass  sHeproemkoctb TAB  (macca
JOTIOJTHUTENBbHOTO o0opyaoBanusi MeHee 100
Kr). Taxoii BBIOOD 00yCIIOBJICH
HEOOXOIMMOCTBIO  JTOCTIDKEHHSI HE  TOJBKO
MHUHUMAJbHOTO  YBEIMYEHHS  MacChl U
MUHHMMAJIBHOA CTOMMOCTH IEepeo00pydOBaHUS,
HO M o0ecrieueHus: Majoro BPEMEHH 3apsiiKu
TABb (2 uaca). TABb cocrour u3 20 sdeex
JUTHEBBIX akkymyisitopoB  WB-LYPI0AHA
CyMMapHOH 5SHEpPreTHYecKo eMKOCThio 5.9
kBt*4yac u mmeer maccy 60 kr. BeHTHIBHBIN
anekrponBurarens (BOJ) s TaroBoro
SIIEKTPONPUBOJA, C  LEJIbI0  CHIDKCHHS
CTOMMOCTH, pa3paboraH Ha 0a3ze CHHXPOHHOU
ANEKTPUYECKON MAIIMHBI C 3JIEKTPOMAarHUTHBIM
BO30YXKJeHHEM (aBTOMOOMJIBHOT'O TeHepaTopa
1290) [3]. Takoii myTh KOHBEPCHH OOBIYHOTO

aBTOMOOMJII C  MEXaHWYeCKOH  KOpOOKOH
nepemensl  mepemad  (MKIIII)  coxpanser
BO3MOXXHOCTh ~ HMCIIONIb30BaTh €0 M Kak
0OBIYHOTO aBTOMOOHIIS. OtHoCcUTENBHO

HeOonpmas momrHocTh BOJ[ (10 kBT) nmemaer
1enecoo0pa3HbIM KHHEMaTHUECKYIO CBSI3b €0 C
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BEIyIIUMH KoOJiecaM uepe3 BTOPUYHBIA Ball
MKIII ¢ TakuM nepenaTOYHBIM OTHOIIEHUEM,
9TOOBI O0OPOTHI HMJEATBLHOIO XOJOCTOrO XOAa
B3/l coorBeTcTBOBaNIM CKOPOCTH aBTOMOOWIIS
npumepHo 50 km/gac. OTO TMO3BOJHMT Ha
3JIEKTPONPUBOJIE TPOTATHCS C MECTA U YBEPEHHO
HabupaTth ckopocth okomo 40  kwm/gac.
[TpobmeMbl, CBsA3aHHBIE C MajoOl MOIIHOCTHIO
AIIEKTPONPUBO/IA U MAJION 3allaceHHOW SHEepPruen
B TAB He sBmAtOTCA TpUHIMIHAIBEHBIMA. B
ciydyae HEOOXOAMMOCTH NIPEOAONeTh KpPyTOH

MOABEM, PBIXJIBIM TIECOK MM CHEr (4To
TpeOyeTcss CpaBHHUTENBHO  PEAKO)  MOXKHO
BOCTIOJIB30BAThCS PEKUMOM 0OBIYHOTO

asromobmist ¢ JIBC. Moxno Taxke Ha JIBC
OCYILIECTBIISITh OHEPTUYHBI Pa3roH, OJHAKO
clemyeT OTMETHTh, YTO NUHAMHKAa pa3roHa Ha
TaKOM CPaBHUTEIBHO MaJIOMOIITHOM
ANIEKTPOIPUBO/IC B MTOJIABJISIOIIEM
OOJIBPIIMHCTBE CJIy4aeB OKAa3bIBACTCS BIIOJHE
JIOCTATOYHON B TOPOJCKOM JIBUKEHHH.

JlonoJIHuTe IbHbIE BO3MOKHOCTH
pexkynepanun

B KOHBEpCHOHHOM THOPUIHOM aBTOMOOWIIC
€CTb BO3MOXXHOCTH OpPTraHU30BaTh MOI3APAIKY
TADB npu pexyrnepatnBHOM TOPMOXKEHHH, KOTa
B3/I, paboraer B pexxume reneparopa. Ilocie
KOHBEPCMM B aBTOMOOWJE  TOSBISAETCS
BO3MOYKHOCTh TOPMOXEHHUs ¢ momoiisio BOJI,
KOTOpasi MO3BOJMUT Oosiee TMOKO PEryampoBarh
mpouecc  3amMedyieHus. B orimume  oOT
3aMeJICHUsT TpH  33/ICHCTBOBAaHUU  peXUMa
NpUHYIUTEIbHOrO xosocroro xoma (IIXX)
JABC, 3amennenue c¢ mnomompio B3J[ umeer
Oosee MPOCTOE BKIIIOYCHUE-BBIKIIOUCHUE U
perynupoBanue. PaccmoTrpum Oomnee moapoOHO
3aMemsienne ¢ nomoinpto BRI, Dro 3amenyienne
11eJ1ec000pa3Ho BKIJIIOYATh BMECTE CO «CTOI-
CUTHAJIOM», ITyT€M OTBEIICHHS OT yropa Meaanm
TOpPMO3a, KOrJla BKJIIOYEHHE «CTOI-CHI'HAJIa»
y’Ke TPOU30IIIO0, @ CONPUKOCHOBEHHUS KOJOI0K
¢ auckamu uin Oapabanamu eme Het. [lpu sTom
MOSBJIACTCS  JIOTIOJHUTEIbHAS  BO3MOXKHOCTD
SKOHOMHH DBHEPrHd B  YCJIOBHSX, KOTJa
OTIyIIEHA TeJalb aKceIepaTopa, HO He HaXaTa
el TOPMO3a, TOrZa pPeau3yercs peKHM
IBIDKEHHS 0Oe3 3amemienus ot BOIJI, T.e.
«HAKaTOM». B 3TOM pekume 1mocie OTITyCKaHHS
nefand akcelepaTopa HeOOXOJUMOCTh HaKaTh
Ha Hee BO3HUKHET 3HAYMTEIBLHO MO3KE, UM TIPU
nerkeHnd B pexxume [IXX JIBC. B otmmune ot

00BIYHOTO aBTOMOOMIIS JIOITyCTHUMOCTD
JBHOKEHUS «HaKaTOM» B THOPHIHOM
aBTOMOOWIIE ~ TOABISIETCS ~ MOTOMY,  HTO
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TopMOXkeHHe ¢ momomsio B3JI, mpoucxomut
0e3 meperpeBa TOPMO3HOM CHCTEMbI, W 0e3
YCIIOXKHEHUS mporecca YIIpaBICHUS
apToMoOmiIeM. Benwuuna 3aMemnieHus Ipu
TOPMOXXEHMH C ToMoulsio B3JI mpumepno
COOTBETCTBYET 3aMEJIeHUMI0 B pexume [IXX
JABC, HO mpu 3TOM MOpPOCTOE MHOTOKPATHOE
BKJIFOUEHHE ¥ BBIKIIOYEHHE 3aMEIJICHHS] C
nomompio  BDOJ  mo3BoisieT  BOOUTENIO
3P (PEKTUBHO HCIONB30BaTh KUHETHYECKYIO U
MOTEHIMAIBHYIO SHEPTUI0 aBTOMOOWIS TpH
IBkeHUH. boree Toro, B pexxume 3aMensieHUs
nomzapsoxaercs TAB.

CoxpaHeHHe JHEPruy TOPMOKEHHUsI

OpHako cymecTByeT mpobjemMa: OTHOCHTEILHO
HeBbICOKass eMKocTb TAB B KOHBEPCHOHHOM
THOPUHOM aBTOMOOMIIE, HE TO3BOJIIOIIAS
obecreynTh HEOOXoANMMYIO  3(h(HEeKTHBHOCTD
ANEKTPUYECKOTO0  TOPMOXKEHHS  BO  BCexX
ycnoBusix, Hampumep, korga TAB mocratouno
3apspkKeHa M I[O3TOMY Malla  3JIeKTpUdecKast
Harpy3ka B3]l B pexume reneparopa. Kpome
TOr0, B THOPUHOM aBTOMOOHWIIE €CTh eIlle OfHa
npobnema: octeiBaeT JBC mpm nBuxeHnn Ha
AIIEKTPONPUBO/IE, TIO3TOMY IOBBILIAETCS PACKO.
OcH3WHA TIpu JBMKeHWH Ha octhiBiieM JIBC.
Takke W B Havaje JABWKEHUS, TMOKa HJIET
nporpes JIBC, umeer MecTo NOBBIILIEHHBIA
pacxoj OeH3una. J{71s1 penieHns KOMITJIEKca dTUX
mpoOysieM B pa3pabOTaHHOM KOHBEPCHOHHOM
aBTOMOOMIIE MIPU HA)KaTWW Ha MeJallb TOPMO3a
(BKJIFOYEHHWH  CTON-CHUTHaJa)  JJICKTpUYeCKas
sHeprusi BeipadarbiBaemas BOJl coxpansercs He
TOdbKO TiyTeM 3apsaku TAB, HO u myrem
momorpeBa oxnaxxmaromei xuakoctn  (0X)
CHCTEMBI OXJIKICHUS JBC [4].
[IpeqyioxkeHHbI NPUHOMI  PEKYNEPATHBHOTO
TOPMOXKEHHS HE TOJBKO BO3BpAIllaeT YacTh
anektposHeprun B TAB, HO u momoraer
nmojJIepKuBarh Teriopor 6ananc JIBC, a Takxe
MO3BOJISIET HMMETh OoJiee IMHUPOKHWH  BBIOOD
PEKUMOB 3aMenJieHuss ~ aBTOMOOWIA U
SKOHOMHUTH KaK YTJIEBOAOPOAHOE TOIUIMBO, TaK
" ANIEKTPOIHEPIHIO. [ockonbky
MOA3apsHKAEMBIN THOPHUIHBIA aBTOMOOWIIb, Kak
MpaBWJIO, TOAKIIOYEH K OJJIEKTPOCETH Ha
CTOSHKE WJIM B Tapaxe, €CTb BO3MOXHOCTBH
nepen Bee3noMm momorperb OXXK or 3Hepruwm,
B3SITOH U3 CETH, YTO BO MHOTO pa3 JICIIeBIIEe, YeM
OCH3WH, KOTOpBIH OyJIeT  JIOMOJHHUTEIHLHO
m3pacxonoBan Ha mnporpeB JIBC. Peamuzarus
momorpeea OX xak or B3Jl B pexmme
reHeparopa, TaKk W OT CETH, CBs3aHa C
HE00XOIUMOCTBIO npeodpa3oBaHus

HampspDKeHUs:  BbIpadarbiBaemMoro BDJ]  k
pabouemy HaIpsHKEHUIO MIPETYCKOBOTO
nogorpeparens. Vcnoyib30BaH 3JIEKTPUUECCKUI
MpeanycKkoBoil moporpesarens «CeBepc-M» Ha
220 B 1,5 xBt ¢ comporuBnenueM HarpeBaTess
32 Om. Brmouenne  mogorpesa  OT
AEKTPUYECKOH  CeTH  Iepel  BBIE3IOM
MPOU3BOIUTCS C IOMOLIbIO TaiMepa UK IyTeM
JIMCTaHIIMOHHOT'O YIIPABJIEHUS 110 COTOBOM CETH.

IIpeoGpa3oBaTe/ib HANIPSAKEHUSA

OnTtumanbHOe BbIXOHHOE HampsbkeHue BOJ] B
pexxumMe reseparopa 28B, a Ay NpeanycKkoBoro
[oJlorpeBaTest «Cesepc-M» pabouee
HanpspkeHue 220B. ITockonbKy momorpeBareib
MOXKET OBITH 3aluTaH MIePEMEHHBIM
BBICOKOYACTOTHBIM HAaIlpsDKEHUEM, BO3MOXKHO
npumenenue mpeodpazoBarenss DC-AC. Mu
CUUTaEM, YTO HaWIy4IIUM obpazom
YIOBJIETBOPSIET MPEAbSIBICHHBIM TpPeOOBaHUSM
PE30HAHCHBIN TIOYMOCTOBOM Mpeodpa3oBaTelb,
KOTOpPBIA TIpU MpPaBUJIBHOM BBIIIOJIHEHUH HE
TpeOyeT AOMOIHUTENBHBIX 3alIUT, a «MSIIKOEe»
NEPEKIIIOUEHUE CHIIOBBIX KIIHOUEH KpPOME TOro
nosbimaer KIIJI w cHmkaer TpeOoBaHUSI K
CWJIOBBIM TpPAaH3UCTOpAaM U paauaropy, Ha
KOTOpOM OHHU CMOHTHPOBAHBI.
DyHKIMOHATbHAS cxema 3TOro
npeoOpa3oBaTens NpuBeieHa Ha puc.l, rae, u
Jlajgee Mo TEKCTY, MCIONb30BAHBl COKpAICHUS:
COM — CcuHXpOHHAs SJEKTPUYECKasl MaIlHMHA,

OB - oOmoTka BO3OYXICHUS CHUHXPOHHOU
anekTpudeckoil  MammHbel, bYB - Gmok
ynpaBieHus Bo3OyxkneHueMm, BYP — 0Orok

ynpasieHus: pekynepauueit, BIIOXK — 6ok
noxorpeBa oxnaxparomedt oxuakoctu JBC,
JICC — mamma «crom-curHama», II —
TOKOU3MEPUTEIIbHBIA ~ IILYHT. Paccmorpum
paboty CHCTEMBI PEKyIepaTuBHOTO
topmoxkenus. BOJ[ cocrour u3 COM wu
kouTposuepa BOJ[. Cunoeie MOSFET xitoun
yhopaBisieMoro  TpexgasHoro Mocra 3TOro
KOHTpoJuiepa Ha puc.l obo3naueHsl Q1 — Q6.
IIpu cpabaTtsiBaHNN BBIKJIIOYATENSI  CTOII-
curHasna S1 HanpspKeHHe C JIaMIlbl CTOI-CUTHajia
nogactcss Ha BYP u axkTuBH3upyer nuTaHue
OOMOTKM BO30YXJICHHUS, 4YTO O0OECIeUnBacT
MTATaHNE oT B3 MTOJIyMOCTOBOI'O
pe3oHaHCHOro  mpeoOpasoBateis.  llutanue
3TOr0  MpeoOpa3zoBaTeNst  MPOHCXOIUT  OT
TpexdazHoro MOCTOBOTO BBIITPSIMUTETIS,
KOTOPBIM BRITPAMIIIET Tpex(azHoe NePEeMEHHOE
HanpsbkeHue, BelpabareiBaeMoe BOJl B pexume
reHeparopa. Jluomamu,  BBIIPSIMIISIOLIAMU
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MOJIOXKUTEJIbHBIE TIOTYBOJHBI, SBJISIOTCS AUOJBI
D1 - D3, a guomamu, BBIIPSIMIISIOIINMUA
OTpHULIATENBHBIE TIOJYBOJIHBI - OOpaTHBIE OB
MOSFET xmoueit Q2, Q4, Q6. Konmencarop
Cl crioaxuBaeT BBINPSIMIICHHOE HAaMpsHKEHUE.
I[Ipu pabore mpeobOpazoBatTeNnss IMOOYEPEIHO
OTKphbIBatoTCs Tpan3ucTopsl Q7 u Q8 ¢ paboueii
YacTOTOM, KOTOpas YJIOBJETBOPSIET YCIIOBHIO
pe3oHaHca IEeMd, COCTOAlled W3  CYMMEI
uHAyKTUBHOCTEH L1 A HUHIYKTHUBHOCTH
paccesiHUs IEpBUYHON OOMOTKH Harpy>K€HHOI'O
Tpanchopmaropa T1, a Taxke KOHAEHcaropa

C3. Pe3onaHcHbII pexum paboTsl
oOecrieurBaeT MEePEKITIOYCHHE CHJIOBBIX
TPaH3UCTOPOB npH
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Puc.1 q)YHKI_II/IOHaIILHaH CXEeMa CUCTCMBI PCKYIICPATUBHOI'O TOPMOKCHHU A

MHUHUMAJIBHOM TOKE U IMO3BOJIICT CYHIECTBECHHO

IMOBBICHUTH KIIJI u Ha/IC)KHOCTh
npeoOpasoBaTensi, a Takke CHHU3UTH €ro
croumocth.  Tpanchopmarop T1  umeer
ko3 punmeHt TpaHchopManum

o0ecreunBaOIUi  Ha BTOPHUYHOM OOMOTKE
spdexruBHoe HampsbkeHue 220B. Ilockombky
pEryJupoBaHUE  BBIXOAHOIO  HANpPSDKEHUS
PE30HAHCHOTO TMPeoOpa3oBaTelsl BBIBOJUT €T0
U3 PE30OHAHCHOIO pEeXUMa M CHIDKAET €ro

3 PEKTUBHOCTB, MPUHSATO penieHue
ctabmnmsupoBarh Hanpsokenue BOJl B pexxume
reseparopa (BxomHOE HanpspKeHHe

peodpazoBaTelis). ITO HANPSHKEHHUE MOCTYIAeT
Ha bBYP wu 3agelicTBoBaHO TamM B LENOU
aBTOMAaTUYECKOTO pEeTyIHpOBaHUS
reHEpUPYEMOro HarpspkeHus uyepe3 bYB myrem
W3MEHEHHEM TOKa B OOMOTKE BO30YXKIEHUS.
BYP oGecnieunBaer mo curHaiy c uryHra LI
orpanuyeHue npeaenasHoro tToka. Ha Beixox T1
noaxmodeH HarpeBatens bBIIOXK, nuraembriii
MEePEeMEHHBIM BBICOKOYACTOTHBIM TOKOM. Ilpm
KOKIOM HakKaTUM Ha TMefajib TOpMO3a, B TOM
qycie W Tpd OTBOJE ee OT ymopa 0e3
TOPMOXKCHUS KOJIOJIKaMH, cpabaTbIBaeT
KOHIIEBOM BbIKJIFOUaTesb S1, koHrakTel P1-1
Haxonserocs B BYP pene P1 3ameikatorcs. B
pe3ynbpTaTe MoKa KOHTAKThl S1 3aMKHYTHIL, OyneT
Mpou3BOAUTHCSl mutanue Harpesatenss BITOXK.
[Tpu pasmeikanuu S1 mutanue pene P1 mcueszaer
M ero KOHTAKThl BO3BPAIAIOTCS B HCXOIHOE
coctrosiaue. B ciydae, korna BITOX mogximoueH
K cerTd, KOHTakThl pene Pl-1 obs3arenpHO
pazoMkHyThl u momorpeB OX nmo Tpebyemoii
TEMIIEPaTyphl OCYIIECTBISIETCS C  y4acTHEM
TepMoperyisatopa BcrpoeHHoro B BITOX
«Cesepc-Mp».
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