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Mo mHeHuIO cneynaancToB, HE4OCTaTKOM
UCIIOJIb3YyeMbIX CTPEJIOYHbIX
3J1eKTPONPUBOAOB SIBJ/ISETCS OTCYTCTBUe
Hage>XHOW AnarHocTuku paboyero

Y NPefoTKa3HOro COCTOSIHUSA YCTPOMCTBa
B peasibHOM BPeMEHU, YTO 3Ha4YNTEJSIbHO
yxyawaet napameTpbl 6e30nacHOCTH

M yBesindnBaet 3KcrsiyatalunOHHbIe
3aTpartel Ha cogep)xaHue nyTeson
aBTomaTtuku. B ctaTtbe npegnaraercsi
npocToli crnocob AnarHoCTUpPoBaHus
COCTOSIHUSI CTPEJIOYHBIX MepPEeBOAOB,
OCHOBAaHHbIN Ha namMmepeHuun BeJiINn4nNHbI
Hanps»XeHHOCTU MarHUTHOIO MoJis
aBuraresisi NTOCTOSIHHOINoO TokKka € MMoOMOLLbIO
¢deppo30Ha0B.

KnroyeBblie crioBa: xene3Hasi

zaopora, 6e30MacHOCTb, CTPEJIOYHbIE
3/1eKTPONPUBOAbI, ABUraTesiv NoCTOSIHHOIro
TOKa, MOCTOSIHHOE MarHUTHOE roJie,
HarnpsXXeHHOCTb MarHUTHOIO 0Jisl,
peppo30Habl, ANarHoOCTHKa.
|
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Peppo30oHAbI
B onepaTuBHOM
ANarHoCTUKe CTPEeNnoYHbIX
npuBOoAOB
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TPEJIOYHBIC 3JIEKTPONPHUBOIbI TIPEI-
Ha3Ha4YeHbI JUISl TIEPeBOIa CTPEIOY-
HbBIX OCTPSIKOB, 3allMpaHMsl U KOHT-
POJISI LICHTPAJIM30BaHHBIX CTPEJIOK B YCTPOI -
CTBax 3JIeKTpUUeCKOi LeHTpanusanuu. Ce-
FOJHSI Ha XeJe3HBbIX JOpOorax CTpaHbl
HauboJblliee paclIpoCTpaHEHUE UMEIOT
anexkrponpusonsl: CII-2, CII-3, CII-6,
BCTI-150, BKOTOPBIX UCTIONIB3YIOTCS JIEKTPO-
JBUTraTeau mocrossHHoro toka MCII-0,1,
MCII-0,15, MCII-0,25 (puc. 1) [1].

B nocienHee BpeMsi Ha HOBBIX ITyTSIX Ha-
YUHAIOT UCIIOIb30BATHCS IIPUBOJIBI C JICKTPO-
JIBUTaTEJISIMU ITIEPEMEHHOTO TOKa, HalleXKHbIe
¥ yaoOHBIe B aKcryaTaiuu. OQHAKO 3TOT
BapUaHT He Be3/ie IMPOXOAUT — B YaCTHOCTH,
Ha COPTUPOBOYHBIX TOPKAX 3aTPYAHEHO BHE-
JIpeHue JBUTraTesIeil IepeMeHHOro TOKa B CU-
JIy YCJIOBUIA pabOTHI.

ITpu TakoM packiiajie IHTEPECOB CYILLIECTBEH-
HBIM CTAaHOBSITCS ITPEMMYILIECTBA U HEIOCTATKI
KaXJI0ro M3 «KOHKYPHUPYIOIIUX» BapUAaHTOB
C IMOCTOSTHHBIM WJIM TIEPEMEHHBIM TOKAMMU.

OO01IMIT HEAOCTATOK UMEIOIINXCS TTPUBO-
JIOB 3aKJIFOUAETCS B OTCYTCTBUM IUATHOCTUKU



paboyero v MpeI0TKa3HOTO COCTOSIHUS B pe-
aJTbHOM BPEMEHM, YTO YMEHbIIIaeT HamIeX-
HOCTbh U 0€30MacHOCTh 3JEKTPONpUBOIA
U YBEJIMUMBACT DKCIUTyaTallMOHHBIE 3aTPATHI.
BaxkxHo nMeTh nH(MOPMAIINIO B pEXXUME peallb-
HOTO BpeMeHU 00 MHTEHCUBHOCTU M3HOCA
CTPEJIOYHOTO JIEKTPONPUBO/IA, YTOOBI CBOEB-
peMEeHHO 00ecTIeYnBaTh MPEIYTIPETUTETbHBI
pemoHT [1, 2].

[TpoBeneHHbIE MCCIEIOBAHUS U TTPAKTHUKA
SKCIUTyaTalluy CTPEJOYHBIX EPEBOIOB ITOKA-
3bIBAIOT, YTO BEJIMYMHA HATPYy3KM Ha Bally
JIBUTATEJIST HECET MH(POPMAIINIO O COCTOSTHUM
TPUBOJIA M €T0 cTipaBHOCTU. HencripaBHoCTH
MPUBOJA SBJISIOTCS CJIEACTBUEM TIPEXIIe BCe-
T0 U3HOCA KOJJIEKTOPHO-IIETOYHOTO y371a, Ha
JIOJTI0 KOTOpOTO TipuxoauTtcs 6osee 60% ot-
Ka30B, MPUYEM B OCHOBHOM 3TO KacaeTcs
5JIEMEHTOB CKOJIb3SIIIET0 KOHTAKTA: KOJIJIEK-
Topa U WeToK. [edeKThl, BIpoyeM, MOTYT
OBITh U PE3yJIBTaTOM YCTATIOCTHOTO pa3pylie-
HUST METAJUIa OT MHOTOKPATHBIX IIUKJIMYECKIX
Harpy30K, a TakKXe MoTalaHusI TOCTOPOHHUX
TPEIMETOB ME3KITYy OCTPSIKOM U PAMHBIM PeJlb-
COM, 4UTO OIISITh K€ MIPUBOJUT K YBETUICHUIO
Harpy3Ku Ha BaJty aBuratesns [2].

Harpyska Takoro poma ¢pyHKIIMOHAJIBHO
CBSI3aHA C HAIPSKEHHOCTHIO MAarHUTHOTO
T0JI51, CO3/1aBaeMOT0 IBUTATEIEM OCTOSTHHO-
ro Toka. Orciozia, COOCTBEHHO, 1 Hies CTIOJTb-
30BaTh HANPSIKEHHOCTb MATHUTHOTO MOJS
B KaueCcTBe JUATHOCTHYECKOro mapamerpa
CTPEJIOYHOTO NPUBOA. [laHHbBIN AMATHOCTIYE-
CKUI1 mapaMeTp JIETKO MOAIAETCs UBMEPEHUIO
C TTOMOTIIBIO (PePPO30OHIOB U JeTIaeT BOZMOX-
HbIM O€CKOHTAKTHBIM CITOCOO IMAarHOCTUPO-
BaHusi. Deppo30HI MOXKET BCTpaUBATHCS
B J11000€ CBOOOIHOE MECTO KOpITyca MPUBOAA
(6e3 n3MeHeHUsT ero KOHCTPYKITUN).
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Puc. 1. CtpenoyHbiii
anektponpusos CI1-6.

®eppo30HIBI 001aHAI0T BEICOKOU IyBCT-
BUTEJILHOCTBIO K MAarHUTHOMY TToJiI0. OHMI
CIIOCOOHBI PETUCTPUPOBATH ITOCTOSTHHBIC VITH
MEIUICHHO MEHSIOIINECS MarHUTHBIC ITOJIS
C HampsikKeHHOCThI0 g0 1074107 A/M
(~10-19.10-" Tu). OTInyamOTCI MajablM
SHEPronoTpedJeHNEM U BO3MOXHOCTBIO
paboTaTh B ITMPOKOM ITHAIIa30HE TEMIIEPaTyp
(=50 °C...+200 °C). CoBpeMeHHBIC KOH-
CTPYKINH (PePPO30HIOB K TOMY K€ KOMITAKT-
HbI [3—35].

C 1es1bI0 UCCIeAOBAHUST BO3MOXHOCTHU
WCTIOIb30BaHUST (heppO30HIOB TSI OTepa-
TUBHOI AMAarHOCTUKU CTPEJIOTHOTO IIPUBOIA
OBl MCMOJIb30BaH AU @epeHInanbHbIi
(eppo3oH, coCcTOSAINI U3 IBYX IMTEPMaLJIO-
€BBbIX CEPJACYHUKOB C OOMOTKOI BO30YyXIe-
Hug L, 3 1Byx monoBuH. TlepBas mojosrHa
OOMOTKM HaXOAUTCS Ha OTHOM CepAcUYHUKE,
BTOpast (HaMOTaHa BCTPEUYHO MEPBOii) — Ha
npyroM (puc. 2a). JIlmameTp IIpoBoIa 0OMOT-
K1 Bo30yxmeHus 0,3 MM, 9MCI0 BUTKOB Ka-
xaoit mojoBuHEI 200. HaMoTka omHOCTOM-
Has, BUTOK K BUTKY. [TogKiTiouaeTcs K TeHe-
patopy uMIyibcoB. [ToBepx IBYX cepIeuyHr-
KOB ¢ oOMoTKamu L', n L', HamoTaHa elie
U U3MepuTeabHasg oOMoTKa L, ¢ ynuciaom
ButkoB 2000, mmameTpom TpoBoma 0,1 MM.
OHa MHOTOCJIOITHasI, BUTOK K BUTKY. M3Me-
puTebHas 0OMOTKA MOIKITIOYAeTCS K OCIIUTI-
Jtorpady, TTO3BOJISTIONIEMY Ha0JIf0aTh NCKa-
JKEHUST UMITYJIBCOB IIPY BO3IEICTBUN BHEIII-
HET0 MAarHUTHOTO IO [6].

J171sT KOMTIEHCAIIN BIIASTHYSI IIOCTOPOHHIX
WCTOYHUKOB TIPEAYCMOTPEHA JOTIOJIHUTEIb-
Has TpeTbs 0OMOTKa L,, pacroyioXeHHas
IMOBEPX OCHOBHEBIX, 3aJIUTHIX SITOKCUIHOMN
cMoJIoi. JImameTp poBo/ia IOTTOTHUTETLHON
obmotku 0,1 MM, urciio BUTKoB 500 ¢ oTBOIOM
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Puc. 2. YctporicTtBo peppo3oHga 6e3 [ornosIHUTeIbHOV 0OMOTKU L,(a): H—-none BO306YyxaeHns peppo3oHaa,
H, — n3amepsiemoe MarHUTHOE roJie U Cxema BKJIH04EeHUS [0MNOJIHNTENIbHOM 06MOTKM L, (6).

Puc. 3. BuelwuHuii Bug ¢peppo3oHaa.

Yetpoiictea

r = 0, Jif —
aHepatop aHoenbpatop —s={ Meppoaoug perncTpaLM

Puc. 4. CTpykTypHasi cxema yCTPOWCTBa ANarHOCTUKU.

DDA1.1 DO1.2 T D044
1211 5 % 14 1 &l3

OT cpeaHeit Toukr. Cxema BKIIFOUeHUST 0OMOT-
Ku L, npuBeneHa Ha puc. 26. Beanuuna pesu-
cTopoB R, u R, nopsinka 2 KOMm, R, — 1 kOm.
KomneHcaluss NOCTOPOHHUX ToJjiell ocy-
LIECTBISETCS MPU BBIKJIIIOYEHHOM MPUBOAE
MEPEMEHHBIM PE3UCTOPOM R, YCTAaHOBKOIA
HYJIEBOTO 3HAYEHUS TOKA, U3MEPSIEMOTO MU-
kpoammiepmeTpom (tun 4247 na 100 MKA)
B OTBOJIE OT CPEIHEH TOYKH OOMOTKHM L.
HomonxHuTenbHasgs o6MoTKa L,, KpoMme
KOMITEHCALIMU MMOCTOPOHHUX MarHUTHBIX
MOJIel, UCTIOJIb3YETCSI U B KAUECTBE U3MEPU-
TeJbHOU. [Ipy HaMTMYMKM MarHUTHOTO MOJI,
C03[1aBa€MOT0 ABUTATEIEM ITOCTOSIHHOTO TOKA
CTPEJIOYHOTO MIPUBOJA, MOSIBJISIETCS TOK, U3-
MepsieMblii MUKPOAMIIEPMETPOM, IO 3Haye-
HUIO KOTOPOTO OLIEHWBAETCS BEIUYMHA Ha-
MNPSIKEHHOCTU MAarHUTHOTO TOJISI ABUATATES.
Hns 3amuTel eppo30HIa OT BHEITHUX
BO3IECUCTBUN UCIOJNB3YETCS 3ALUUTHBIA KO-

PDeppo3oHT

|
|
|
a [
|
|
|

QgHoewOparop
|

Puc. 5. dyHkynoHanbHasi cxema yCcTpPOMCTBa ANarHOCTUKM.

® MUP TPAHCMOPTA, Tom 1

.236-242 (2015)

Ay6poeuH J1. M., HuknweukunH A. M., llaebigeHko B. . deppo3oHAabI B ONepaTUBHON ANAarHOCTUKE

CTPENIOYHBIX NPUBOAOB




+498

Puc. 6. Cxema
npeo6pa3oBsartens
Ans nony4eHns
oTpuyaTesnibHow
nonsipHocTH.
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KyX, IPeICTaBISIONINI COO0I TPYyOKy M3 J1a-
TYHH [6]. BHemHuit Bux Gpeppo3oHa U KoKyxa
MIpeJCTABIEH Ha pHC. 3.

CTpyKTypHas cxeMa yCTpOMCTBa TMarHo-
CTUKU TT0Ka3aHa Ha puc. 4.

CxeMa BKJIIOYaerT:

— TeHepaTop UMITYJILCOB, (POPMUPYIOIIMI
IPSIMOYTOJIBHBIE MMITYJIbCHI A1 OOMOTKH
BO30yXneHus L ;

— OIHOBHMOpATOp, MCITOIb3YEMBI IS
PEeryJIMpPOBKU CKBaXKHOCTH UMITYJIBCOB, IIO/IA -
BaeMbIX Ha OOMOTKY BO30OyX1eHuUs L ;

— (beppO30H]I, BKITIOYAIOIIUI TPU OOMOT-
KH;

— yCTpoiicTBa perucTpauuu (OCIUILIO-
rpac, MUKpoaMIIepMeTp U 1Ip.).

DyHKIIMOHATbHAS CXeMa IIpeICTaB/IeHa Ha
puc. 5. [eHepaTOp UMIYILCOB BBLIMIOJHEH Ha
mukpocxeme DDI1 (Hanpumep, K563J1A7),
MUTAIOIIECS OT UCTOYHUKA 9 BoJBT. [eHepa-
TOp Ucroab3yeT Tpu sneMeHTa M-HE. YacTora
MMITYJIBCOB PETYIUPYETCS TIEPEMEHHBIM pe-
sucropom R,. Ha yetBeprom anemente M-HE
MHKPOCXEMBI paCITOIOKEH OMHOBUOPATOP IS
PEeryIMPOBKHU CKBaXKHOCTHU UMITYJIbCOB (C IT0-
MOILbIO pe3ucTopa R,).

BennuwnHa HanpsoKeHHOCTH MAarHUTHOTO
T0JISI, CO31aBacMOTO IBUTATEIEM IIOCTOSTHHO-
IO TOKa CTPEJIOYHOTO IIPUBOIA, OIIPEICIISICTCS
110 ITOKAa3aHUI0 MUKpoaMIiepMeTpa. [1pu atom
IUTST UCKTIOUCHUST BIUSHUS ITOCTOPOHHUX
MAarHUTHBIX TI0JICH TP BHIKIFOYCHHOM JIBU-
raTeyie TOK MUKpoaMIIepMeTpa J0JKeH OBITh
PaBEH HYJIIO, YTO JOCTUTAETCA PESUCTOPOM R,

B kauecTBe BBINIPAMUTEIbHBIX IMOI0B V,
u V, MOTYT MCIOJIb30BaThCSA KaK OOBIYHbIE
BBICOKOYACTOTHBIE Auomabl (Tumma KJ1311), Tak
¥ CBETOOMO/BI, TTO3BOJISIIOININE TT0 BEJTMINHE
W3MEHEHUs] MHTEHCUBHOCTU CBEUYCHUS Olle-
HUBAaTh U3MEHEHNE HATIPSLKEHHOCTH MAarHUT-

HOTO IT0J1s ABuratesisi. KpoMme Toro, BO3MOXK-
HBI U ONITPOHBI, (DUKCUPYIOIINE DJIEKTpUUE-
CKMU CUTHAaJI, OPOIOPLUOHAIbHbBIA MHTEH-
CUBHOCTU M3JYUYSCHMS, M Tepeaarmline
MMOJTyYaeMBII CUTHAJI C IIOMOIIIBIO OTITOBOJIO-
KOHHOTO Ka0eJisT Ha KOHTPOJIbHBIN ITyHKT.

Kax BumHO 13 puc. 5, cxema TpeOyeT IByX-
MTOJISIPHOTO HAIPSIKEHUS MUTAHUSI OTHOCH -
TeJILHO 00111e1 TOYKU. YTOOBI 000OUTHUCH OTHUM
9-BOJIBTOBBIM MCTOUYHUKOM HCIIOJIH30BaJIach
IIpOCTasi cxeMa Ipeodpa30BaTeIs IS ITOIyde-
HUSI OTPULIATEIBHON MOJISIPHOCTUA 9 BOJIBT.
Cxema nipeobOpa3oBateisi JaHa Ha puc. 6.

Ilpednaeaemoe ycmpoticmeo duaecHocmuku
npoeepsnocy Ha cmeHoe peMoOHMHO-MexXHON0-
2UYeCcK020 y4acmKa mexHu4ecko2o ueHmpa
asmomamuku u meaemexanuku Mockoeckoli
Jcenesnoll dopoeu. Ilposepka nokaszara au-
HeUHYI0 3a8UCUMOCMb CUAbI MOKA OM HA2PY3-
KU Ha 8any deueamensi Cmpenso4Ho20 npueooa
CII-o6.
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FERROPROBES FOR RAPID DIAGNOSTICS OF SWITCH MACHINES

T “:.T-iii;‘a .
)

Dubrovin, Lev M., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Nikishechkin, Anatoly P., Moscow State Technical University «<STANKIN», Moscow, Russia.
Davydenko, Viadimir I., technical center of Moscow railway — branch of JSC Russian Railways, Moscow,

Russia.

ABSTRACT

According to experts, the shortcoming of tradi-
tionally used electric switch mechanisms is the lack
of reliable diagnostics of operating and pre-failure
status of the device in real time, which greatly de-

grades security settings and increases operating
costs for maintenance of track automation. The ar-
ticle offers a simple way to diagnose the state of
switches, based on measurement values of intensity
of magnetic field of DC motor using ferroprobes.

Keywords: railway, safety, electric switch mechanisms, DC motors, permanent magnetic field, magnetic

field intensity, ferroprobes, diagnostics.

Background. Electric switch machines are de-
signed for the transfer of switch points, locking and
control of centralized switches in the devices of
electric centralization. Today, on the railways of the
country the most common are electric switch ma-
chines: SP-2, SP-3, SP-6, VSP-150, which use DC
motors MSP-0, 1, MSP-0, 15, MSP-0,25 (Pic. 1) [1].

Recently, on new tracks are being used drives
with AC motors, reliable and convenient in operation.
However, this option is not always suitable — in par-
ticular on hump yards implementation of AC motors
is hindered by virtue of operating conditions.

In this scenario, advantages and disadvantages
of each of «competing» options with DC or AC are
significant.

Objective. The objective of the authors is to
study possibility of using ferroprobes for rapid diag-
nostics of switch machines.

Methods. The authors use general scientific and
engineering methods, evaluation approach, simulat-
ing, statistics.

Results. Common drawback of available switch
assemblies is the lack of diagnostics of working and
pre-failure state in real time, which reduces reliability
and safety of electric drive and increases operating
costs. It is important to have real-time information
about the intensity of wear of electric switch mecha-
nism to provide timely preventive maintenance [1, 2].

The research and practice of operation of switch
assemblies show that the value of load on the motor
shaft carries information on the status of the machine
and its serviceability. Faults of drive are the result

primarily of wear of collector-and-brush assembly,
which accounts for more than 60% of failures,
mostly it concerns elements of sliding contact: col-
lector and brushes. The defects, however, may be
the result of metal fatigue fracture due to multiple
cyclic loads, as well as foreign objects between a
tongue and stock rail, which again increases the load
on the motor shaft [2].

The load of this kind is operably linked to inten-
sity of magnetic field generated by a DC motor.
Hence, in fact, the idea of using magnetic field in-
tensity as a diagnostic parameter of the switch ma-
chine. This diagnostic parameter can be easily
measured by ferroprobes and enables non-contact
method of diagnostics. Ferroprobe can be inte-
grated into any free space of drive housing (without
changing its structure).

Ferroprobes are highly sensitive to the mag-
netic field. They are able to record constant or
slowly varying magnetic fields with intensity of up
to10“... 10°°A/m(~10-"°... 10" T). They are char-
acterized by low power consumption and the abil-
ity to operate over a wide temperature range
(=50 °C ... + 200 °C). Modern ferroprobes are
compact [3-5].

To investigate the possibility of using ferroprobes
for operational diagnostics of switch machine dif-
ferential ferroprobe was used, consisting of two
permalloy cores with excitation winding L, of two
halves. The first half of winding is on the one core,
the second (wound counter-currently to the first) —
on the other (Pic. 2a). The diameter of the wire of

Pic. 1. Electric switch mechanism SP-6.
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Pic. 2. Ferroprobe device without additional winding L, (a): H — ferroprobe excitation field, H, — measured
magnetic field and the scheme of switching on additional winding L, (b).

the excitation winding is 0,3 mm, the number of coils
of each half is 200. Winding is single-layer, coil to
coil. Itis connected to the pulse generator. Over two
coreswithwindings L' andL"  is wound also measur-
ing winding L, with the number of coils 2000 and
0, 1 mm wire diameter. It is multi-layered, coil to coil.
The measuring winding is connected to an oscillo-
scope, which allows to observe the pulse distortion
when exposed to external magnetic field [6].

To compensate for the effect of extraneous
sources is provided additional third winding L,, is
located on top of the main, filled with epoxy resin.
Wire diameter of additional winding is 0,1 mm, the
number of coils 500 with diversion from the midpoint.
The scheme of switching winding L, is shown in
Pic. 2b. The value of resistors R, and R, is about
2kOhm, R,— 1 kOhm. Compensation of foreign fields
Generator| | Single || Ferroprobe | | Recorder is carried out with turned off variable resistor R, by
vibrator setting the zero value of current measured with mi-

croammeter (type 4247 for 100 uA) in diversion from

)

Pic. 3. Appearance of ferroprobe.

Pic. 4. Structural scheme of the diagnostics device. the midpoint of the winding L,
—_—— e —— —
| Generator
|
|
| Do A Doz
12 115 3 14
I Tis 5
|
. N R Ferroprobe

Pic. 5. Functional scheme of diagnostics device.
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Pic. 6. The converter scheme for a negative polarity.

Additional winding L,, in addition to compensa-
tion of extraneous magnetic fields, is used as a
measuring winding. In the presence of a magnetic
field generated by DC motor of switch machine, there
is current measured with microammeter, based on
the value of which the magnitude of magnetic field
intensity of the motor is estimated.

To protect ferroprobe against external influ-
ences protective cover is used, which is a tube made
of brass [6]. The appearance of ferroprobe and
cover is shown in Pic. 3.

Structural scheme of diagnostics device is shown
in Pic. 4.

The scheme includes:

— Pulse generator that generates square im-
pulses for excitation winding L ;

— Single vibrator used to adjust the duty ratio of
impulses applied to excitation winding L ;

— Ferroprobe, comprising three windings;

— Recorders (oscilloscope, microammeter,
etc.).

Functional scheme is shown in Pic. 5. The pulse
generator is made on microcircuit DD1 (e.g.
K563LA7), powered by 9 volt source. The generator
uses three elements AND-NOT. The pulse frequen-
cy is adjusted by variable resistor R,. On the fourth
element AND-NOT of microcircuit a single vibrator
is placed to adjust duty ratio of impulses (via the
resistor R,).

The magnitude of intensity of magnetic field gen-
erated by DC motor of switch machine, is determined
by indication of microammeter. At the same time to
eliminate the influence of extraneous magnetic fields
with turned off motor microammeter current should
be zero, which is achieved by a resistor R,..

As rectifier diodes V, and V, can be used as
conventional high-frequency diodes (KD311 type)
and LEDs that allow for the value of light intensity
change to assess changes in magnetic field inten-
sity of the motor. In addition, optrons are possible
fixing an electrical signal proportional to intensity of
radiation and transmitting received signals via a fiber
optic cable to the control point.

As can be seen from Pic. 5, the scheme requires
bipolar power supply voltage with respecttoa common
point. In order to use only one 9-volt source a simple
inverter circuit was used to achieve a negative polarity
of 9 volts. The inverter scheme is shown in Pic. 6.

Conclusion. The proposed diagnostics device
was tested on a stand of repair process area of
technical center of automation and remote control
of Moscow railway. The test showed a linear depen-
dence of current strength on the load on the motor
shaft of switch machine SP-6.
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