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Development and Testing of New Solutions of Overhead Contact
Line Accessories

Grzegorz KIESIEWICZ!, Tadeusz KNYCH?, Pawet KWASNIEWSKT, Artur ROJEK*

Summary

The overhead contact line (OCL) consists of various kinds of supporting structures and elements that allows the installa-
tion of the contact wire horizontally to the track. OCL is a complex mechanical and electrical system, that has to ensure the
proper electric power transfer to the traction vehicle. During the exploitation of contact line accessories (extension arms,
cantilevers, tensioning devices etc.) different kinds of problems appear, significantly affecting the railway traffic. Further-
more, the outdated design is the reason for difficulties with assembly and daily use.

Research results, stress characteristic numerical analyses, clamping force relaxation experimental results and contact line
equipment corrosion resistances of present in-use devices are presented. An OCL new generation concept was developed.
Stress distribution and safety factor tests were conducted at operationally loaded construction.

Obtained results showed that currently used equipment at the operational loads has effort close to the material yield
strength. Tested elements have also different kinds of design defects, low corrosion resistance and rheological resistance at
a level of 8-10% degree of relaxation. Conducted research showed that newly designed elements have a safe level of effec-
tive stress and high safety factor - all tested under an operational load regime.

A new solution of no-load tensioning device was designed and tested. The contact wire or catenary wire tensioning force is
generated by device spiral springs. Properly designed elements application — cams - allowed to obtain a constant tension-

ing force in full contact wire length variation range.
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1. Introduction

Properly designed and well done catenary pro-
vides high operational features which directly deter-
mine the speed and safety of passenger and cargo rail
transport. Due to the rail infrastructure’s operation
time, including traction line, damage is more often
detected, which may lead to the train’s traffic diffi-
culties, delays and dangerous accidents threatening
passengers’ health and lives. The railway overhead
contact line can be divided on three basic compo-
nent groups:

support structures,

catenary wires, contact wires and their accessories,

electrical and mechanical connection elements.

Safety, speed and reliability of the railway trans-
port may be guaranteed when each overhead and bot-

tom catenary components have features dedicated to
the system. In the last few years two modern overhead
catenaries, YC120-2CS150 and YC150-2CS150, were
implemented. Due to them trains can move flawlessly
up to 250 kilometers per hour [2, 6, 7].

Using these contact lines in the normal operation
was conditioned by the invention and production of
two new component elements. The first one related
to modern contact wires made from copper silver. Its
resistance against abrasive wear and the heat resis-
tance is much higher than in currently used CuETP
copper wires. The second one involved modern high
conductive and high resistant accessories made of Cu-
Ni2Si alloy [10]. Moreover lately, new light support
structures (poles and gates) have been designed and
deployed to production. They have high safety factor
with controlled destruction area dedicated to the new
line types system [4].
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The last group of the contact line elements, which
were never included in research work leading to their
thorough modernization, are the overhead contact
line (OCL) cantilever systems with catenary wires
constituting conductive elements and support struc-
tures connection.

For this reason, new type messenger connections
with high operating properties were designed. They
are dedicated to new catenary types and serve as a re-
placement to the current solutions with 3kV DC pow-
er system. The FEM stress distribution simulation was
conducted on the designed elements. They were labo-
ratory and operationally tested on a real catenary can-
tilever model. Described work was carried out within
project number INNOTECH-K2/IM2/28/182120/
NCBR/13 co-financed by the National Centre for Re-
search and Development.

2. Current state

Currently, these elements are produced in Po-
land from simple sections (pipes, brackets, channel
sections) made of structural steel S235JR. This steel
is characterised by low corrosion resistance [8] and
the only corrosion protection in discussed elements
is the zinc layer applied in an igneous way. In con-
nection with the fact that the galvanizing process is
often curried in a careless way, first corrosion points
on this type of elements may be visible already a year
after an installation. Another problem is the entire
system high mass, which is the reason of many com-
plications during the installation and exploitation.
Additionally, series of omissions in production facil-
ity are reflected in numerous geometric and techno-
logical defects. Many foreign manufacturers produce
different kinds of catenary connection elements made
of different materials technologies. Main materials
used by European manufacturers include: structural
steel, aluminum alloy and composite materials. These
elements are mainly dedicated to the catenary pow-
ered by alternating current (AC). This power system
is used in most European countries. Because of that,
these elements do not have optimal properties from
the viewpoint of catenary powered by direct current
3kV (DC), which leads to a number of operational
problems. The knowledge compendium of European
solutions with different elements to mount the cat-
enary can be found in the publication [3].

Currently operated on railway network tension-
ing devices are the type of weight devices. Because of
frequent thefts the cast iron loads are replaced by the
polymer-concrete loads. However, they are also stolen or
destroyed and it causes the contact line parameters dete-
rioration (when a few loads are absent) or its destruction
in case of complete tensioning devices weights cutoff.
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The exemplary contact line equipment and weight ten-
sioning device solution is shown in Figure 1.

Fig. 1. T-profile catenary equipment and weight tensioning
device [photo P. Kwasniewski]

3. New overhead contact line accessories
conception

Within this work a number of different type sys-
tems conceptions were designed and analyzed that
could fulfill the established bearing capacity criterion
in a mechanistic approach resulting with such a sys-
tem work parameters in real static and dynamic loads
conditions. The basic criterion adopted in the begin-
ning was the dependability and reliability of a new
system, its high corrosion resistance, fast and simple
assembly using one key. This work resulted in the de-
velopment of a new overhead catenary cantilever con-
ception, whose scheme is presented in Figure 2. The
new conception is based on the main profile (1), on
which cantilever support (3) is fixed. A support (2)
is mounted in the cantilever’s support’s middle length.
Elements (1) and (2) are fastened to the support struc-
ture by a package of insulators and handles. A regis-
tration arm (4) is mounted to the main profile (1) for
the tension arms. Constructions (1-4) are fixed be-
tween each other by special slide holders. After put-
ting them into guides located in both profile sides
and positioning correctly afterwards they are twisted
tightening up immobilizing the whole construction.
An idea of profiles connection system is shown in Fi-
gure 3. Elements (1, 3, 4) and the handlers are made of
highly strength aluminum alloy EN-AW 6082.
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Fig. 2. A new generation cantilever catenary system to the
support structures scheme [5, pp. 429-436]
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Fig. 3. Connection of a new overhead contact line (OCL)
cantilever system elements [5, pp. 429-436]

One of more important problems to solve was to de-
velop the main profile, optimal in terms of bearing capac-
ity, stiffness and economic reasons. In order to accom-
plish this task, about 30 different shapes of a new profile
were elaborated and numerically tested, which helped to
achieve the final optimal geometry shown in Figure 4.

Fig. 4. Shape of an aluminum
alloy EN-AW 6082 profile used as
a main profile, cantilever support,
registration arm

(5, pp. 429-436]

The basic assumption for a new tensioning de-
vice solution was to eliminate the tension weights. As
a part of progress, a number of constructional solu-
tions were analyzed to be used as a base to develop
a modern no-load tension device. Additionally, taking
into account the future manufacturer’s technological
possibilities and the claims of patent it was decided

to carry on work leading to develop a new tensioning
device that uses the flat springs power.

4. FEM analysis results

The currently used catenary equipment analysis
started from pipe fixture numerical calculations in
terms of the stresses distribution and displacements
for assumed operational loads. The value and power
balance were chosen according to the Normative
Document PKP Polskie Linie Kolejowe S.A. number
01-1/ET-2008 [1]. Figure 5 shows the arrangement of
forces to which it is the biggest stress values.

Exemplary calculation results are shown in Fi-
gures 6-8. An effort of cantilever support bracket
was noted at 100 MPa level, and the pipe mounting
bracket as 70 MPa. The highest tension value, reached
200 MPa, was recorded in the connections system:
tube slash - handle tube slash - registration arm
and tension bracket arm - registration arm. Bending
downwards the entire structure in the end of registra-
tion arm reached over 200 mm value.

50000 T

Fig. 5. The overhead contact line cantilever system load [8, pp. 421-428]

Fig. 6. Stress intensity of the system: cantilever support — support
handle - cantilever mounting handle [8, pp. 421-428]
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Fig. 7. Stress intensity of the system: cantilever support — support
handle - registration arm [8, pp. 421-428]

Fig. 8. Stress intensity of the system: tension arm bracket —
registration arm [8, pp. 421-428]

Numerical studies have shown that under the
loads established in the Normative Document [1], in
currently used contact line cantilever system elements
there are stresses up to 200 MPa or close to structural
steel yield strength S235JR (235 MPa). After cross-
ing that, it comes to a permanent deformation, which
may result in loosing contact line parameters.

The first step of research procedure and each ele-
ment geometry choice was to make numerical stress
distribution calculations of a new cantilever system
in simulated operating loads conditions. Material
properties were assigned to built 3D models. Contact
conditions were given to the connection systems and
the fixed constraints with load conditions compat-
ible with the Normative Document PKP Polskie Linie
Kolejowe S.A. number 01-1/ET-2008 [1]. These ob-
tained models were split as finished elements by put-
ting a grid. After a material research wide analysis two
main materials were chosen as new constructional
system elements, whose qualities are shown in Table 1.
Pole mounting holders and a support will be built
from a stainless steel 1.4301 but the other elements

from highly strength aluminum alloy in EN-AW 6082
type. The boundary parameters adopted in the calcu-
lations are shown in Figure 9. This system of forces
occurs in the case of stagger to the pole.

Table 1
Materials qualities adopted in the analysis and new
constructional connection elements system production

Parameter Aluminum alloy | Stainless steel
- EN AW 6082 1.4301

Yield strength [MPa] 310 190
Ultimate tensile
strength [MPa] 340 500-700
Young’s modulus
[GPa] 70 200
Density [g/dm3] 2,7 7,9
Poisson’s ratio [-] 0,33 0,3-0,31

Source: [5, pp. 429-436], [9, pp. 57-60]

Fig. 9. The cantilever’s catenary’s load according to the
Normative Document PKP Polskie Linie Kolejowe S.A. number
01-1/ET-2008 [5, pp. 429-436]

Stress distribution research results in analyzed gen-
eral view are shown in Figure 10. The calculations show
that the stress intensity maximally till 235 MPa occurs
in the analyzed loaded by operating forces system. The
highest stresses level is located in cantilever support
with main profile connection area where the highest
bending moments are found. Other areas are located
in the range of 50-100 MPa stresses (screws and sup-
port structures holders areas, supports endings and the
registration arm with tension arm mounting points).
The rest areas demonstrate stresses at 10-50 MPa level.
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Fig. 10. The stress distribution in new construction type of
cantilever catenary system [5, pp. 429-436]

The new constructions safety factor distribution
understood as stresses in the node ratio on deter-
mined load, referred to the stresses value plasticiz-
ing the material from which the element was made
(Figure 11). Calculations show that all of the elements
have high safety factor at minimal level 1.3 consider-
ing that loads used in calculations included safety fac-
tors already applied in railway applications.

Fig. 11. Safety factor distribution for new cantilever type system
- general view [5, pp. 429-436]

5. Laboratory test results

Components of the contact line cantilever system
are mounted by screw connections. Because of that,
except skid forces tests, the screw connections stress
relaxation tests were conducted for M12 and M16
screws. Figure 12 shows a sample graph with a stress
degree relaxation change in time.

The corrosion resistance tests were conducted on
currently exploited equipment using the salt cham-
ber. The first corrosion appearance was observed af-
ter 24 hours and after further 7 days the corrosion
process was intensified. It shows a low corrosion
resistance of these tested elements, especially when

they work in an aggressive environment. Figure 13
shows an anchor holder after 24 hours of salt fog ex-
posure.

Stoplen relaksacfinapreien, [%)]

R 10 s 20 2
Cazas, [h]

Fig. 12. Stress relaxation degree as a time function in 60 Nm

moment the M12 tightened screw joining: cantilever support

handle - cantilever support [8, pp. 421-428]

Fig. 13. An anchor holder after 24 hours of salt fog exposure
(8, pp. 421-428]

The next stage of the new OCL cantilever system
tests consisted of manufacturing a real scale prototype
model and a strain gauge tension test. The model was
manufactured and mounted on the support structure
at MABO company premises. Having applied FEM
analysis there were selected nine areas of manufac-
tured OCL cantilever model expected to be most ex-
posed to stresses. Those areas were properly prepared
and wired with the strain gauges. The object was
equipped with a set of compensed strain gauges and
a specially created measurement and data acquisition
system. Tension measurement areas are shown in Fi-
gure 14. The real scale prototype model with mounted
strain gauges is shown in Figure 15. The tension level
in specific areas of the new railway overhead contact
line cantilever system was examined during the test.

Tension tests were conducted for several different
load schemes of the test model. Then, after detailed
analysis two were typed, which most suitably repre-
sented conditions met in overhead contact line. The
load scheme is shown in detail in Figures 15 and 16.
During test no. 1 cantilever system was loaded with
force F =49 kN, while during test no. 2 it was ad-
ditionally loaded with forces F, = F, = 0.98 kN.



44

Fig. 14. Overhead contact line new generation accessories
mounted on the pole with tension measurement areas marked [11]

Fig. 15. Real scale prototype model with marked tension
measurement areas [11]

Fig. 16. Real scale prototype model with marked loading forces [11]

Figures 17 and 18 show stress distribution at preset
loads respectively during test no. 1 and no. 2. At the
load scheme no. 1, where only force F, = 4,9 kN was
set, the highest tension values in tested object were
observed in contact area of cantilever support and
main profile (point T6 - value about 85 MPa, point
T5 - value about 50 MPa, point T4 - value about
40 MPa) and contact area of cantilever support and
support (point T7 - tension values about 50 MPa).

The introduction of two additional forces caused
certain changes in the tension scheme. Still the most
stressed area was the connection of the cantilever sup-
port and the main profile (point T6 - tension value
about 85 MPa, point T5 - value about 70 MPa, point
T4 - value about 50 MPa, point T3 - value about
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35 MPa) and contact area of cantilever support and
support (point T7 - tension value about 50 MPa). The
introduction of forces F,= 0.98 kN and F,=0.98 kN
causes an additional load in the contact area of the
main profile and registration arm (point T1 - value
about 20 MPa, point T2 - value about 22 MPa).
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Fig. 17. Plot of tension versus time - test no. 1 [11]
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Fig. 18. Plot of tension versus time - test no. 2 [11]

Test results confirm numerical analysis results,
according to which the connection of the cantilever
support and the main profile was selected as the most
stressed area. An additional test was performed, dur-
ing which the real scale model was loaded according
to the test no. 2, for 12 hours. The experiment pro-
vided that the vertical deflection of the construction
in its extreme position does not change in time and
equals 30 mm. The low tension level and low elastic
deflection met in the new construction proves its high
rigidity and mechanical endurance.

The achievement of linear characteristics of force as
a function of spring torsion degree is the basic problem
connected with springs application in tensioning de-
vices. Initially sloped characteristics shall be processed
to become flat. A number of various spiral spring ge-
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ometries (Fig. 19) were designed, and tested in respect of
exploitation characteristics of no-load overhead contact
line tensioning devices. As a result of the tests, the spring
linear characteristics, shown in Fig. 20, were obtained.

Fig. 19. Spiral spring during test [11]

18
16
14

sita [kN]
=
[= T

N
/

1000 1500 2000 2500

Czas [s]

Fig. 20. Spiral spring characteristic [11]

The obtained results became a basis to the project
system capable of generating a determined force on
the contact wire or catenary wire at their variable ex-
tension. In order to obtain such an effect there was
designed a cam of precisely determined geometry
that allows receiving and keeping the required force.
As aresult of the test and design work the device char-
acteristics was received, shown in Fig. 21.

The complete tensioning device was laboratory
tested (Fig. 22). The force characterisitcs tests of the
prototype no-load tensioning device and catenary
wire displacement (elongation) were conducted un-
der the research program. An example of the test re-

sult is shown in Figure 23. The test was carried out
in order to: check the correctness of prototype opera-
tion, perform a possible setup correction of the cam
with respect to the shaft, and test the tensioning de-
vice in its full operation range.

60.4cm
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Fig. 21. Spiral spring with cam characteristic [11]

Fig. 22. No-load tensioning device during laboratory tests [photo
P. Kwa$niewski]
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Fig. 23. Tensioning device characteristics during arrangement
relieving [11]
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6. Field tests

Field tests started in October 2014 at the IK Test
Track Centre near Zmigréd. In order to perform these
field tests several of the previously used cantilevers
were removed from the poles and replaced with new
OCL cantilever systems. New constructions worked

with YC150-2C150 overhead contact line, consisted
of the copper contact wire - crossection 150 mm?, and
two catenary wires — crossection 150 mm?each. Apart
from the mentioned YC150-2CS150, it is the heavi-
est overhead contact line used in Poland. Assembly
works are shown in Figure 24. The OCL cantilever
system mounted on the pole is shown in Figure 25.

Fig. 25. New OCL cantilever system mounted at IK Test Track
Centre near Zmigréd [photo P. Kwasniewski]

Due to the number of elements, a cantilever in which
contact line is ousted from the alignment track and the
pole was chosen for the test. Measurement areas were
properly prepared and wired with six strain gauges,
which is shown in Figure 26. Those areas were selected
basing on previous research. The object was equipped
with a set of compensed strain gauges and a specially
created measurement and data acquisition system. Due
to the 3 kV electric potential met on the elements of
OCL cantilever system and strain gauges, a part of the
measurement system was also mounted on the 3 kV
potential at a specially prepared platform (Fig. 27). The
measurement system consisted of data acquisition from
strain gauges module, power supply module and com-
munication module. The data was recorded on a per-
sonal computer via Wi-Fi link. During the test the stress
level was examined in particular areas of the new OCL
cantilever system, caused by trains passage.

Fig. 26. Tested OCL cantilever system scheme with marked
tension measurement areas [11]

Fig. 27. Tested OCL cantilever system with visible mounted
strain gauges and measurement equipment
[photo P. Kwasniewski]
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The tension values caused by passing train were re-
corded during performed tests. In a series of the mea-
surements the traction vehicle passed under the tested
cantilever system with different speeds, ranging from
40 to 160 km/h (with step speed change 10 km/h), and

h

one pantograph raised, and speeds ranging from 40
to 120 km/h and two pantographs raised. The photos
of the traction vehicle with raised one and two pan-
tographs passing under tested cantilever system, are
shown in Figure 28.

Fig. 28. Traction vehicle passage under tested OCL cantilever system with raised one (left) and two (right) pantographs
[photo P. Kwasniewski]

The highest tension values were recorded at maxi-
mum speed. It occurred in points 2 and 6, therefore in
support and cantilever support to which catenary wire
is mounted. Figures 29 and 30 show tension values re-
corded during the traction vehicle passage with speed
160 km/h and one pantograph raised (Fig. 29), and
speed 120 km/h and two pantographs raised (Fig. 30).
The recorded characteristics show that stresses met in
the new OCL cantilever system do not exceed 3 MPa
(which is 4% of maximum tension values caused by
static loads), even during cooperation of overhead
contact line with two pantographs spaced apart from
each other at 8 m distance.

7l

Tension [MPa]

Time [s]

Fig. 29. Tension values in new OCL cantilever system elements
during traction vehicle passage at speed 160 km/h and one
pantograph raised [11]

The no-load tensioning device tests were con-
ducted at IK Test Track Centre near Zmigréd. The
device was assembled on C95-C overhead contact
line, tensioning contact wire at length of half section
800 m. The device installation is shown in Figure 31,
and the mounted device is shown in Figure 32. Force
measurement, device characteristic measurement and
device setup for environment temperature were per-
formed during installation (Fig. 33). The no-load ten-
sioning device has been continuously operating since
the spring of 2015. During one year service no device
malfunctions or inappropriate operation of tensed
overhead contact line were noted.
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Fig. 30. Tension values in new OCL cantilever system elements
during traction vehicle passage at speed 120 km/h and two
pantographs raised [11]
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Fig. 31. Assembly of the no-load tensioning device [photo P. Kwa$niewski]

Fig. 32. Mounted no-load tensioning devices. Commonly used
tensioning device with loads is visible in the background [photo
A. Rojek]

Fig. 33. No-load tensioning device with visible assembly
temperature scale [photo P. Kwasniewski]

7. Conclusions

The performed tests showed, that tension values
met in the new OCL cantilever system are at the safe

level and do not endanger the newly constructed can-
tilever system operation. The laboratory and field tests
performed on the real scale model confirmed that nu-
merically pointed contact area of cantilever support
and main profile is the most stressed area. However,
the tension value in this area equals about 90 MPa,
which is significantly lower than yield strength of an
EN-AW 6082 alloy (tensile stress value at 30% level).
The tests confirm that the constructed elements are
safe in operational load conditions from the view-
point of a load capability. Advantages of the new OCL
cantilever system:

high elastic properties - rigidity,

high corrosion resistance,

high rheological resistance,

reliable operation,

low weight — lower gravitational load of the poles,

simple assembly and regulation,

simple and cheaper transport,

lower number of elements,

high aesthetics,

product lifetime — minimum 30 years.

The advantages of the new OCL cantilever sys-
tem compared to currently used tube cantilevers are
shown in a the Table 2.

The performed laboratory and field tests of no-
load tensioning device showed that spiral springs ap-
plication allows obtaining a constant tensioning force
in the required wires variation length range. The res-
ignation of loads in tensioning device increases op-
eration reliability in comparison to the presently used
solutions, in which load theft or destruction leads to
a change of tensioning force.
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Tube and new OCL cantilever system selected parameters and properties

No. Properties
1. | Material
2. | Weight of all elements
3. | Number of elements to connect
4. | Necessary assembly tools number
5. | Assembly time (preparatory works not included)

Source: based on [11]
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Rozwéj i badania nowych rozwiazan wyposazenia sieci elektrycznej

Streszczenie

Sie¢ trakcyjna (OCL) sklada si¢ z réznych konstrukeji i elementéw nosnych, ktére umozliwiaja instalacje prze-
wodu jezdnego poziomo w stosunku do toru. Sie¢ trakcyjna jest ztozonym systemem mechanicznym i elek-
trycznym, ktéry musi zapewni¢ wlasciwe przekazywanie energii elektrycznej do pojazdu trakcyjnego. W trak-
cie eksploatacji urzadzen sieci trakcyjnej (wysiegniki, wsporniki, urzadzenia napinajace itp.) pojawiaja sie roz-
ne problemy znaczaco wplywajace na ruch kolejowy. Ponadto przestarzale konstrukcje utrudniaja ich montaz
i codzienng eksploatacje.

Przedstawiono wyniki badan, analizy numeryczne wlasciwosci naprezen, eksperymentalne wyniki relaksacji
sity nacisku i odpornoéci na korozje urzadzen sieci trakcyjnej w obecnie uzywanych urzadzeniach. Opracowa-
no koncepcje sieci trakcyjnej nowej generacji. Przeprowadzono badania rozkladu naprezen i wspotczynnika
bezpieczenstwa na konstrukcjach obcigzonych eksploatacyjnie. Uzyskane wyniki pokazaly, Ze obecnie uzy-
wane urzadzenia przy obcigzeniu eksploatacyjnym pracujg blisko granicy wytrzymalosci materiatu. Badane
elementy mialy réwniez wady projektowe, niska odporno$¢ na korozj¢ i odporno$¢ reologiczng na poziomie
8-10% stopnia relaksacji. Wykonane prace przeprowadzone w obciazeniu eksploatacyjnym wykazaly, ze nowo
zaprojektowane elementy majg bezpieczny poziom naprezenia efektywnego i wysoki wspoélczynnik bezpie-
czenstwa. Zaprojektowano, przetestowano i zbadano nowe rozwigzanie urzadzenia naprezajacego bez cigzarow
naprezajacych. Sita naprezenia przewodu jezdnego i sieci trakcyjnej jest generowana przez spiralne sprezyny
urzadzenia. Uzycie wlasciwie zaprojektowanych elementéw — krzywek, pozwala uzyska¢ stalg site naprezajaca
przewodu jezdnego w calej dlugosci przesta naprezenia.

Stowa kluczowe: sie¢ trakcyjna, przewdd jezdny, urzadzenia sieci trakcyjnej, badania numeryczne

PasBuTye 1 MCcCIegOBaHNA HOBBIX PEIICHNII /I TATOBOTO 000py OBaHNA

Pesrome

Kontakrtnas cetb (OCL) cOCTONT 13 pa3HBIX KOHCTPYKIUI ¥ HECYIUX 37IEMEHTOB, KOTOPBIE [Ie/Ial0T BO3MOX-
HBIM YCTaHOBKY KOHTAKTHOT'O IIPOBOJja TOPM30HTa/IbHO 10 OTHOLIEHNIO K pe/ibcy. KOHTaKTHAs ceTb AB/ACTCS
CJIOXKHOJ MEXaHMYECKOI U 37eKTPUIECKOI CUCTEMON, KOTOpas I0/DKHA FapaHTUPOBaTh NIPAaBUIbHYIO IIepe-
a4y 9/IeKTPUYeCKO S9HEPIMH [/ efVHULIBI IO BYKHOTO COCTaBa. Bo BpeMs 9KCIUTyaTaluy TAroBOro 06opy-
IoBaHNA (KPOHIITEHBI, ONIOPbI, HATSDHKHbIE YCTPOJICTBA 1 JIP.) BO3HUKAIOT pasHble IPOOIeMbI CYILIeCTBEHHO
B/IMAIOLINE HA )KeJIe3HOLOPOXKHOe [IBIDKeHMe. KpoMe Toro, ycTapesilne KOHCTPYKLMN BbI3bIBAIOT CIOKHOCTH
B MOHTa)Ke VI €K€JHEBHOM 9KCIUTyaTallVIN.

B crarbe mpefcTaBIeHbl Pe3yNbTaThl ICCIENOBAHMIL, YMCTIEHHBIN aHA/IN3 CBOVICTB HANIPsKEHMIA, 9KCIIEPVMEH-
TaJ/IbHbIE Pe3y/IbTaThl PEeaKCALVIM CUJ/IbI JABIEHNS M YCTOMYMBOCTY K KOPPO3UM TATOBOrO 0OOPY/IOBAaHMS B
HBIHE UCIIO/b3yeMOM obopynoBaHuu. boira paspaboTaHa KOHIENIVsSI KOHTAKTHON CEeTV HOBOJ TeHeparyii.
Bpun TaxKe IpOBENEHbI UCCIENOBAHNS HAIPsDKeHUT 1 Koo duienTa 6e30macHOCTN Ha KOHCTPYKIVAX
MO BEPTAOIX SKCIUTyaTal[IOHHOI Harpyske. Ilomyd4eHHble pe3ynbTaThl OKa3asy, YTO HbIHE MICIIONIb3YEMOe
060pyoBaHue IOABepraollie KCIUTyaTAl[IOHHOI HarpysKe paboTaeT 6/IM3KO K Ipefiely IPOYHOCTU MaTe-
puana. Y ucciefyeMbIX 9/IeMEHTOB OOHAPY>KEHO Pa3HOTO TUIIA IIPOEKTHBIE Ie(eKThl, HU3KYIO YCTONYNBOCTD
K KOPPO3MH, PeOJIOTMYECKYIO0 YCTONYMBOCTD Ha ypoBHe 8-10% cTemeHy peakcanuy. BolmomHeHHbIe paboTHI,
KOTOpbIe OBbUIN IIPOBeJeHbI IIOTTHOCTHIO TIPY KCIUTYaTallMIOHHOI HarpysKe IOKa3aji, 4YTO HelaBHO paspabo-
TaHHBIE 3JIEMEHTBI 00/IafaloT 6e30IaCHbIM YPOBHEM 3P PEKTUBHOTO HAIPSKEHNS M BBICOKUM K03 uum-
eHTOM 6e30IacHOCTU. BbUIo paspaboTaHO M NPOTECTMPOBAHO HOBOE pellleHle HATSHPKHOTO YCTPOCTBa 6e3
rpysa komneHcaropa. Cula HaTsDKeHUA KOHTaKTHOTO IIPOBOJA ¥ KOHTAKTHOI CeTU TeHepUpPYeTCs CIMpab-
HOI1 IIPY>KMHOM YCTPOICTBA. YIIOTpebIeH e IPaBIIbHO Pa3pabOTaHHBIX 97IEMEHTOB — KY/Ia4YKOB — II03Ba/IAeT
IOTY4YUTD IIOCTOAHHYIO CHTy KOHTAaKTHOTO ITPOBOZA IO BCEII JIMTHE MaYTOBOTO OITIOPHOTO yYacTKa.

KnrioueBple cmoBa: KOHTaKTHAS CeTh, KOHTAKTHBINI IIpOBO/, TATOBOE O60pYHOBaHI/Ie, YMCIICHHBIC CCIIETOBAHIA



