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OpaHoV U3 NPUOPUTETHbIX 3aaa4qy

B cpepe pa3BUTUSI KOHTAKTHOM

CeTU XKeJIe3HbIX AOPOr SIB/SIeTCS
BHeApeHne Masioobcey)xuBaemoro
obopyaoBaHnsl, KOHCTPYKLNIA

Uy 3/71eMeHTOB. B cTtaTtbe paccMoTpeHa
anbTepHaTuBa NPUMeHeHUIo BaJInkoB
KC-084. TeopeTnyeckmne nccrienoBaHus
AO0nyCTUMON HOPMaTUBHOU Harpy3Kkun
Ha y3eJ1 KpernsieHus MpPoBOAOB, KakK

u aKcnepuMeHTasibHasl NpoBepKa,
BKJ1I0YaBLLasi OL€HKY MexaHn4eCKou
MPOYHOCTU CTEKJIOMN/1aCTUKOBBIX
BaJINKOB Ha CPbIB B COOTBETCTBUU

c OCT 32.204—-2002, noka3asiu roJiHylo
roToBHOCTb ripeaJsiaraeMbixX U3nenuni

K 3KcniyaTaymy B KOHCTPYKLMNSIX
BO34YLIHbIX JINHUIA 3J1EKTporiepesay4u.

Kno4eBsie croBa: xesne3Has gopora,
KOHTakTHas ceTb, apmMmarypa, Bajivk,
CTEeK/I0MNacTvk, KOMMNO3UT, CPE3, Harpy3Ka.
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JIs Hayasia yTOYHUM: KOHTaKTHasI CeTh
BJIEKTPUGUIIUPOBAHHBIX KEIE3HBIX
JIOPOT MPEACTaBISIET COOOI CIIOXKHYIO
HMCTEMY C OOJIBILIMM YKMCJIOM Y3JIOB U 3JIEMEH-
TOB. MHOrHMe U3 3TUX 3JIEMEHTOB MOXHO
00BEINMHUTD B MOHSATHE «apMaTypa KOHTaKT-
HOI1 ceTr» M 0XapaKTepru30BaTh KaK U3NCIINSI,
npeaHa3HaYeHHBbIC NI MOABEIIMBaHUS,
¢uKcamu B 3aAaHHOM TTOJOKEHUH, CTHIKOB-
KM, aHKEPOBKU, MEXaHUYECKOTO U JIEKTPH-
YECKOI'0 COeMIMHEHUS TTPOBOIOB, TTOIBEIIIBAC-
MBIX Ha OIOpaxX KOHTaKTHOI cetu [1].

Kaxk B Poccum, Tak u 3a pydekoMm apMary-
pa KOHTaKTHO CETH XKeJIe3HbIX 10POT Moapa3-
JeJIsIeTCsl IO MaTepually M3rOTOBJICHMSI:

* 13 YEPHBIX METALJIOB (METOIOM JIUTHS);
* U3 LIBETHBIX METAJLJIOB;
* U3 CTaJIM.

C BBOIOM B 3KCILTyaTallMI0 CAMOHECYIIINX
M30JIMPOBAHHBIX TTPOBOIOB MOJIYYMJIO Pa3BU-
TH€ U3TOTOBJICHME Y3JI0B M JIEMEHTOB UX Kper-
JIEHUSI, BBITIOJIHEHHBIX U3 TOJIMMEPHBIX KOM-
TMO3UTHBIX MaTepuasioB. B uncie mepenoBbix
MPEANPUSATUIA B 9TOI 0071aCTU MOXKHO BBIJIE-
quthb Siemens AG, Pfisterer, Ribe electrical
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fittings, Ensto, Niled, Sicame, Tyco Electronics
Simel, M3BA, TOCK [2]. HecmoTpst Ha no-
JIOXXUTEJNbHBIN 3(p(PeKT, TakKe y3JIbl IpUMe-
HSIIOTCS TIPU UCTTOJIb30BAaHUU 3aIMIIEHHBIX
MPOBOJIOB.

Ha ceronHsiHuii neH» Haba0aeTCs aK-
TUBHAas TEHISHLIMSI Pa3BUTUSI OOBEKTOB XKe-
JIE3HOIOPOXKHOTO TPaHCIOPTa ¢ TPUMEHEHU-
€M TTOJIMMEPHBIX KOMITO3UTHBIX MaTepUaJIOB.
ITomumo MocToB, BaroHoB, 13 [1TKM n3roras-
JIUBAIOTCS OTIOPBI, KOHCOJIM KOHTAKTHOM CEeTH
Y KPOHIITEHBI BO3MYIIHBIX TUHUI 3JIEKTPO-
nepeaayu MpoaoJbHOrO 3JEKTPOCHAOKEHUS,
KOTOpBbIE MPENCTaBISIOT COOOM IIagKOCTEPXK-
HeBbIe KOHCTpYKIMM [3—6]. C TOuKM 3peHus
TOBBILLIEHUS UX JEKTPUUECKON MTPOYHOCTU
BCTaJI BOIIPOC O BO3MOXXHOM MCITOJIb30BaHUU
CTEKJIOIIACTMKA B KaueCTBE MaTepuaia JIjs
BaJIMKOB B apMaType KOHTaKTHOM CEeTU B3aMeH
cranbHbIX BaaukoB KC-084. lanHas neTajib
TJTAHUPYETCS B COSAMHEHUU MEXITY CTPYHOBBIM
y3noMm JID3 41.1066 u cepwroit KC-075
(puc. 1), B mepcnekTUBe ¢ 3aMEeHOI MeTaJlIu -
YeCKOIt CepbI' HA KOMIIO3UTHYIO.

IlepBbIM 3TaroM aHaIM3a SIBJISIETCS U3yde-
Hue OCT 32.204—2002 u corocTaBieHUe Tpe-
OyeMbIX HOPM ISl HOBOM KOHCTPYKIIMM BajIu-
KOB.

Taxk kak BaJlMK paboTaeT Ha CPhIB (Harpys-
Ka, PUJIOKEHHAs K U3AEIUI0 apMaTyphl Iep-
MEeHAUKYJISIPHO TJIOCKOCTHU, TTPOXOASIIEeH
yepe3 och MPOBOJa 1 OCb CUMMETPUU apMa-
TYpHhI), TO HEOOXOAUMO OLIEHUTb MaKCUMaJIb-
HYIO pa3pylIarolylo Harpy3Ky nornepek Bojo-
KOH cTekJomniacTuka. Paspyiaroiias Mmexa-
HUYeCcKasl Harpy3ka Ha CpbIB — 3TO HaUMEHb-
1iee 3HaueHUe Harpy3Ku, MPpUI0XKEeHHOMN
K U3JEIUIO apMaTypbl WJIK COSTUHEHUIO MPO-
BOZIOB, BbI3bIBAIOIIIEE UX pa3pylleHue, aecop-
MalUIO WIK IPYTHe HEoOpaTUMble U3MEHEHUSI.
PaboTocnocobHOCTh U3neaus onpenessieTcs
K02(hDUIIMEHTOM 3araca MeXaHMYeCKOU Impoy-
HOCTU (OTHOILIEHUEM pa3pyliaroleii Harpys-
KM K gornyctumoii) [1].

[Tpu aTOM ompeneseHbl OCHOBHBIC Mapa-
METPbl, KOTOPBIM TOJKHBI OTBEYaTh KOMITO-
3UTHbBIC BaJIUKMU:

* OHM JOJIKHBI 0O6ecreynBaTh BO3MOX-
HOCTb CBOOOJHOTO MEepeMEIIeHUS COoIpsirae-
MBIX U3AEJUU OTHOCUTEJIbHO IPYT Apyra
U UCKJTI0YaTh BO3MOXHOCTh CAMOITPOU3BOJIb-
HOTO UX paclUEerUICHUS B YCJIOBUSIX DKCIUTya-
Taluu;
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Puc. 1. Y3en apmatypbl KOHTaKTHOM ceTn
C UCMNOoIb30BaHNEM KOMITO3UTHOIO Basnka:
1 — y3en ctpyHoBoi J133 41.1066; 2 — cepbra KC-075;
3 — komMno3uTHbIvi Banuk 19 x 70.

* MapaMeTphl Ha cpe3 00sI3aHbl OTBEYaTh
tpeboBanusm OCT 1.90148—74 [7];

* BJIMKU JOJIKHBI U3TOTABIMBATHCS U3
AHTUKOPPO3MOHHOTO MaTepraia Ui UMETh
KOPPO3MOHHOCTONKOE MOKPHITHE;

* JUISL U3JEIUIA apMaTypbl, He BOCIIPUHU-
MaloIlMX Harpy3Kky oT MpOBOAOB, BEIUYMHA
Harpy30K, BbI3bIBAIOIIMX CIBUT U CPBIB, JOIK-
Ha OBbITb HE MEHee TPEXKPATHOM OT JOMYCTH -
MOIA;

* CPOK CJTyXObI U3Ie1ii apMaTyphl C Kpe-
MEXHBIM U3JEIMEeM U3 aHTUKOPPO3MOHHOTO
MaTepuralia J0JKeH ObITh 50 JeT.

J1J1s1 BBITTOJTHEHUST TTIOCTaBACHHOI 3a1aun
WCTIOJTb30BaH CTEHJI PACTSDKEHMST/CKATUS « YHH -
BepcaibHasl MCIIbITaTe/IbHAsI MalllMHa Testometric
FS100 AT> (makcumanbHas Harpy3ka 100 kH).
CTeH/1 yCTaHOBJIEH B UCIMIBITATEIbHOM LIEHTPE
TEXHUYECKUX CPEACTB XKeJe3HOJOPOXKHOTO
TpaHCcHopTa YpaJlbCKOTO rOCYIapCTBEHHOTO
YHUBEpCcUTETa MyTeil coodieHus. LleHTp saB-
JISIETCSl OMHUM W3 BEAYIIIUX UCTIBITATEIbHBIX
LIEHTPOB YpaJIbCKOTO peruoHa, rae MpoBOIsT-
Csl HayYyHblIe UCCIeOBaHUS IIMPOKOU HampaB-
JIEHHOCTH, B TOM YMCJIe UCCJeTOBaHUS CBOCTB
MOJMMEPHBIX KOMITO3UTOB W U3AEIWIA U3 HUX.

Ha ucnbiTanust 01U IpeACTaBICHbI TPU
00pasiia KOMITO3UTHBIX BAJTUKOB, U3TOTOBJIEH-
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Puc. 2. Cxema ucnbiTaHnii Ha O4NHAaPHbIN CPe3:
1 — HoXu; 2 — ob6pa3sey.

TIOJTHOCTBIO TIOBTOPSIET KOHCTPYKIIMIO BaJTnKa
KC-084.

WcnbiTaHus Ha CPBIB IIPOBEAEHDI ITPY HOP-
MaJIbHBIX KIMMATUISCKHUX YCIOBUSIX U B CO-
OTBETCTBUU ¢ TpeboBaHusmu [7, 8]. Ha puc. 2
MpeACTaBIeHAa CXeMa MCTIBITAHUI Ha OTuHap-
HBIA cpe3. OOpa3sel BcTaBIeH B TEXHOJIOTMYC-
CKO€ OTBEepCTHE HOXeil, Oe3 HaTsra, 3a30p
MeXIy o0pa3oM 1 HoxXamu He 6oee 0,1 M.
CKOpOCTD IepeMelleHUs] HOXEil He IPeBbI-
maeT 10 MM/MIH TIpU paboyeM X0/ UCTIBITA-
TeJbHOM MaIIMHEI. McIbITaHUS T KaXKIIOTro
obpasia ObUTH UICHTUYIHBI, B XOIe 9KCIIePH-
MEHTOB CHSITbI HATPY304HbIE TUAaTPAMMBI,
JIEMOHCTpHUpPYEeMbIC Ha puc. 3.

1200 7 e Ob6pasel 1
— -O6pasey 2 100.8 100.8 100.9
100.0 + A A &~
eesses Obpasey 3 /\ K '..
80.0 7N
G, kN /\‘ B
60.0 // =\ \ %
// o"... \ \ ..'.
40.0 7 o 5
// e \ \ K
20.0 7 N\
0.0 T e I
0 4 8 12 16 20 24 28 32 36 40 43 47 51 55 58 63 67 bC¢

Puc. 3. AinarpamMmmbl pacTs)KeHUs.

Puc. 4. O6pa3sLibl KOMMO3UTHbIX BaJINKOB rocjie
MCIbITAHWNIA.

HBIX Ha HAYyYHO-ITPOU3BOJICTBEHHOM MPE/I-
npusatuu «dDaekrpomaii» (EkatepuHOypr).
Banuku npeactaBisioT co00i CTepXKHU T1a-
MeTpoM d = 19 mm, niuHoi / = 70 MM, UMeto-
IIIME C OJHOI CTOPOHBI IUISITIKY, a C IPYroi
OTBEpCTUE IJIsT IITJIMHTA, T.€. BHEUTHUI BUT
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Wcnonwsys popmyny (1) [7], onpeaeneHo
COIPOTHUBJIEHHE Cpe3a JIJIsSI KOMITO3UTHBIX Ba-
JuKoB 19 x 70:

_4-P
T, T .

ConpoTuBieHNE COCTABISIET T, =
50 Kkre/MM2.

Wcxons uz [9], njist KOHCTPYKILIMOHHOM
ctanu Ct3Kmn2, 3 KOTOpOi U3roTaBiInBaloT
meTannaundeckue Baauku KC-084, npu
IuaMeTpe cTepkHs 10 20 MM COIMPOTUBIIE-
HHe cpe3a cocTaBisieT 24 Krc/Mm?2, ouis
Ct3nc2 — 25 krc/mMM. BugHo, 4To pacuér-
Hble 3HAaYeHMsI COMPOTUBIICHUS cpe3a IS
CTaJiu B JiBa pa3a MeHbIIE, YeM Yy KOMITO-
3UTHBIX BaJMKOB.

Ha puc. 4 npeacraBieHbl 00pa3Libl Balu-
KOB, Ipolieaie ucneiranus. Ha mosepxHo-
CTH 00pa31IoB, B MECTE TIPWIOXKEHUsI Harpy3-
KU, UMEIOTCS CJIebl OT HOXEi, OTHAKO T0JTy-
YeHHbBIE TTOBPEKICHUST HE YMEHBIIIWIM MeXa-
HUYECKYIO IPOYHOCTh BaJIMKOB. OHM ObLIN

)]
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Puc. 5. BHeLwHuii Bug KoMno3nTHoro Basanka KC-K-084.

HCIIOJIb30BaHbI B TAJIbHEUIIINX MEXaHUUECKUX
MCITBITAHUSX TIOJIMMEPHBIX ITOIICPKUBAIOIIMX
KOHCTPYKIIMI, MpeTHa3HaYeHHBIX TSI BO3-
JYITHBIX IMHUI 3JIEKTpOIIepeayu B YyCTPOI -
CTBaXx 3JIeKTpUDUKAIIIU U 3JIEKTPOCHAOKESHUS
JKEJIe3HBIX TOPOT.

B nensx obecrieyeHust cpoka CayxK0bl 10
50 j1eT pu U3rOTOBJICHUH BaJIMKOB IPUMEHSI-
FOTCSI KOMIIO3UTHBIE CTEPXKHM, B KOTOPBIE IPU
TIPOM3BOICTBE n100aBisieTcst YP-cTabuin3a-
TOp, a TAKXKE Ha TIOBEPXHOCTh HAHOCUTCS [ -
aJIeKTpUYecKas 3Majb. JlaHHast aMajib 00J1a-
JIaeT BBICOKOI CTOMKOCTBIO K YJIBTPahHOJIETY,
TEPMOCTAPEHUIO, UCTUPAHUIO, TIPETISITCTBYET
MPOHUKHOBEHMIO BJIarM, 00J1a1aeT CTOMKOCTHIO
K TIepeMeHe TeMITepaTyp.

Ha puc. 5 noka3aH obpa3el; KOMIO3UTHO-
ro BaJiika, TOTOBOTO K 9KCILTyaTalluM.

BbiBO4bl

ITo mpoBeIEHHBIM TEOPETUIECKUM MCCIIE-
JIOBaHMSIM JOITYCTUMAasT HOpMaTUBHAsI Harpy3-
Ka Ha y3eJI KpeIrIeHUsT TTpoBojia (TP UCITOJTb-
3o0BaHuU TTpoBojaa AC-70 B YCIIOBUSIX TPETHETO
BETPOBOT'O ¥ TOJIOJIETHOTO PEKUMOB) COCTaB-
qasiet 1738 H [10], ¢ yu€TtoM KoapduimeHTa
3araca k, = 3 paspyllarolas Harpy3ka J10JKHa
ObITh He MeHee 5214 H.

W3 sKcriepruMeHTaIbHBIX UCCIeIOBaHUI
oIpeNie/IeHO, YTO pa3pylaolnas MexaHuve-
cKasl Harpy3ka KOMIIO3UTHBIX BAJIMKOB 19 x
70 npesbimaet 100 kH, uro Ha 95 % Gosblie
HOPMAaTHMBHO-/IOITyCTUMOTO 3HAYCHUSI.

Takum 06pa3zoM, KOMITO3UTHBIE BAJIMKU
COOTBETCTBYIOT TpeboBaHUsM [1, 7] Ha CpBIB

U1 MOTYT OBbITh UCMOJIb30BaHbI B apMaType KOH-
TaKTHOM CETH.
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COMPOSITE ROLLERS FOR ARMATURE OF THE CONTACT NETWORK

T “:.T-iii;‘a .
)

Kochunov, Yuri A., Ural State University of Railway Transport (USURT), Yekaterinburg, Russia.
Ivanov, Nikolay L., Ural State University of Railway Transport (USURT), Yekaterinburg, Russia.
Duplyakin, Maxim K., Ural State University of Railway Transport (USURT), Yekaterinburg, Russia.

ABSTRACT

Development of contact networks feeding
electrified railways has a trend to use the devices,
structures and elements that can be maintained
with less efforts and as rarely as possible. The
article considers an alternative to application of
rollers KS-084 regarding the Russian practices but
also suggests approaches and useful tools that
can be used on the whole while assessing different

operation aspects of power supply systems.
Theoretical studies of the permissible normative
load on the wire fastening assembly, as well as the
experimental verification, including the evaluation
of the mechanical strength of GRP rollers for failure
in accordance with OST 32.204-2002, showed the
complete availability of the composite products
offered for operation in the construction of
overhead contact systems.

Keywords: railway, contact network, catenary, armature, roller, fiberglass, composite, shear, load.

Background. To begin with, let’s clarify: the
catenary of electrified railways is a complex system
with a large number of nodes and elements. Many of
these elements can be combined into the concept of
«armature of the contact network» and described as
products and fittings intended for hanging, fixing in a
given position, docking, anchoring, mechanical and
electrical connection of wires suspended on the
contact network supports [1].

Both in Russia and abroad, the armature of the
railway contact network is divided according to the
material of manufacture:

« of metals (by casting);

+ of non-ferrous metals;

- of steel.

With advancement of self-supporting insulated
wires, the production of components and fitting
elements for wires made of polymer composite materials
has been developed. Siemens AG, Pfisterer, Ribe group,

Pic. 1. An assembly of the contact network armature
with a composite roller:
1 - string node LEZ 41.1066; 2 — connecting link
KS-075; 3 — composite roller 19 x 70.
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Ensto, Niled, Sicame, Tyco Electronics Simel, MZVA,
and TESK are among the leading companies in this field
[2]. Despite the positive effect, such nodes are used
when using protected wires.

Objective. The objective of the authors is to
consider composite rollers for armature of the contact
network.

Methods. The authors use general scientific and
engineering methods, comparative analysis,
evaluation approach, graph construction,
mathematical calculations, electrical engineering
methods.

Results. To date, there has been an active trend
in development of railway transport facilities using
polymer composite materials (PCM). In addition to
bridges and cars, PCM are used for construction of
supports, consoles of the contact network and
brackets for power transmission lines for longitudinal
power supply, which are smooth-rod designs [3-6].
From the point of view of increasing their electrical
strength, the question arose about the possible use
of fiberglass plastic as a material for rollers in the
fittings of the catenary instead of steel rollers KS-084.
This part is planned to be used within the connection
between the string node LEZ 41.1066 and the

Pic. 2. Scheme of tests for a single cut: 1 — blades;
2 — the sample.
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Pic. 3. Tension diagrams.

connecting link KS-075 (Pic. 1), providing for future
replacement of the metal connecting link with a
composite one.

The first stage of the analysis is the study of OST
32.204-2002 [technical specifications] and
comparison of the required norms with regard to a
new design of rollers.

Since the roller is intended to resist to stalling (the
load applied to the product of the armature is
perpendicular to the plane passing through the axis
of the wire and the axis of symmetry of the armature),
itis necessary to estimate the maximum breaking load
across the fibers of fiberglass plastic. Critical
mechnaical load that causes stalling is the lowest
value of the load applied to the product of the
armature or the connection of wires, causing their
destruction, deformation or other irreversible
changes. Product performance is determined by the
safety factor of the mechanical strength (the ratio of
the destructive load to the permissible load) [1].

At the same time, the main parameters to be
determined by the composite rollers are defined:

« they should ensure the possibility of free
movement of the mating products relative to each
other and exclude the possibility of their spontaneous
disengagement under operating conditions;

« parameters regarding accidental shearing must
comply with the requirements of OST 1.90148-74[7];

« rollers must be made of an anti-corrosion
material or have a corrosion-resistant coating;

« for armature products that do not subject to the
load from wires, the load that causes a shearing and
a stall must be at least three times the permissible
value;

- the service life of the armature products with a
fitting product made of corrosion-resistant material
must be of 50 years.

To accomplish the task, the tensile/compression
stand «Universal Testing Machine Testometric FS100
AT»(maximum load 100 kN) was used. The stand was
installed in the testing center of railway technics of
Ural State University of Railway Transport. The Center

Pic. 4. Samples of composite rollers after testing.

Pic. 5. Appearances of the composite roller KS-S-084.
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isone ofthe leading testing centers in the Urals region,
where a wide range of scientific research is being
conducted, including research on the properties of
polymer composites and products made of them.

Three samples of composite rollers manufactured
atthe research and production enterprise Elektromash
(Yekaterinburg) were provided for testing. The rollers
are rods of diameter d = 19 mm, length | = 70 mm,
having a head on one side, and on the other a hole for
the cotter pin, i. e. the appearance completely repeats
the design of the traditional roller KS-084.

Failure tests were carried out under normal
climatic conditions and in accordance with the
requirements of [7, 8]. Pic. 2 shows a single-shear
test scheme. The sample is inserted into the
technological hole of blades, without interference, the
gap between the specimen and blades is not more
than 0,1 mm. The speed of movement of blades does
not exceed 10 mm/min during the working stroke of
the testing machine. The tests for each sample were
identical, during the experiments the loading
diagrams shown in Pic. 3 were recorded.

Using the formula (1) [7], the shear resistance for
19 x 70 composite rollers was determined:
;= 4P

sh e d2 -

The resistance is 1, = 50 kgf/mm?Z.

Proceeding from [9], for the structural steel
St3kp2, of which the metal rollers KS-084 are
made, with the diameter of the rod up to 20 mm,
the shear resistance is 24 kgf/mm?, for St3ps2 —
25 kgf/mm?. It can be seen that the calculated
shear resistance for steel is half that of composite
rollers.

Pic. 4 shows samples of rollers that have been
tested. On the surface of the samples, at the point
where the load is applied, there are marks from the
blades, but the damage obtained did not reduce the
mechanical strength of the rollers. They were used in
further mechanical testing of polymer support
structures designed for overhead contact network in
devices for electrification and power supply of
railways.

To ensure a service life of up to 50 years
composite rods are used, in which a UV stabilizer is
added during production, and dielectric enamel is
applied to the surface. This enamel has a high
resistance to ultraviolet radiation, thermal aging,
abrasion, prevents penetration of moisture, and has
resistance to temperature changes.

Pic. 5 shows a sample of a composite roller ready
for use.

Conclusions. According to the theoretical
studies, the permissible normative load on the wire
fastening unit (when using the AS-70 wire in the
conditions of the third level of wind and ice conditions)
is 1738 N [10], taking into account the safety factor
k, =3, the breaking load should be at least 5214 N.

From the experimental studies it was determined
that the breaking mechanical load of 19 x 70

(1)

composite rollers exceeds 100 kN, which is 95 % more
than the normative allowable value.

Thus, the composite rollers meet the requirements
[1, 7] regarding stall and can be used in the fittings of
the contact network.
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