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The main objectives of the reconstruction are stated. Those
are: increase of the service life of the hydro-turbines of
Dnipro Cascade, enhancement of their efficiency, power,
and environmental safety, extension of the power control
range of the hydro-power plants, assurance of the reliability
and improvement of the operating safety of their equipment
and structures, meeting the environmental requirements,
improvement of the quality of the generated electric power
after control system rehabilitation. The article deals with
and analyses the chronology of the creation of the optimal
design for a vertical Kaplan hydro-unit oil piping taking into
consideration the half a century operational experience and
stages of hydro-turbine modernization for Dnipro-2 HPP.
The experience in improvement of the hydro-unit and oil
head system control design is generalized, from the unified
solution to the creation of the all-new design. The methods of
the oil system rod machining and preliminary control are
amended. The temperature control of the automatic unit
shutdown in case of heating of oil head bushes is introduced
into the control system. The oil piping installation method is
improved and step-by-step checking of the oil piping instal-
lation centering is introduced. As a result of implementation
of a package of design and process engineering solutions,
the optimal design of the oil piping of improved reliability
was created. It decreased the unscheduled downtime of the
units and cut expenses on their maintenance providing the
cyclic recurrence recommended by the standards for the
operation of the oil pressure device pumps and thus, de-
creased the electric power consumption for balance-of-plant
needs. The objects of the implementation of the developed oil
piping design are given.

Keywords: Kaplan hydro-turbine, oil piping, oil head, run-
ner rods, runner servomotor, self-aligning rings.

The cascade of hydro-power plants, dams and reservoirs that exist on the Dnipro River in Ukraine

form one of the largest hydro systems in the world. The first hydro-power plant (HPP) of the system
(Dnipro-1 HPP) was built near the city of Zaporizhia in 1934, and the last one (Dnipro-2 HPP) was com-
pleted in 1980. In total, there are six dams and eight hydro-power plants with 93 hydro-units located at Dni-
pro River section from Kyiv to Nova Kakhovka [1].

The existing Dnipro-2 HPP consists of 8 vertical hydraulic units, first commissioned in 1974. Out of
these, six turbines (Units Pl. Nos. 13-18) were supplied as propeller-type turbines, two (Units Nos. 11 and 12)
— as Kaplan hydro-turbines.

Nowadays, five hydro-units have been upgraded and two existing propeller-type turbines (Units
Nos. 14 and 16) are subject to reconstruction at this stage. Their reconstruction includes conversion into
Kaplan hydro-turbines, i.e., they must be fitted with a mechanism for controlling the angle of deployment of
the runner blades, which will achieve maximum efficiency at each operating point while maintaining combi-
natorial dependence and operation within guaranteed power ranges and net head.

This work is licensed under a Creative Commons Attribution 4.0 International License.
© Viktor H. Subotin, Oleksandr S. Burakov, Viktor M. Iefymenko, Andrii Yu. Starchenko, Yurii M. Kovalov,
Vadym L. Rassovskyi, 2021

ISSN 2709-2984. ITpobremu mawunobydysanns. 2021. T. 24. Ne 3 21



POWER ENGINEERING

Problem statement

The average age of the energy infrastructure of
the Dnipro Cascade is currently over 35 years. In order
to guarantee safe operation, long-term reliability and
generating capacity, the main facilities of the HPP must
undergo significant reconstruction [2]. After the recon-
struction of hydro-units, the number of unplanned
downtimes will also be reduced and the costs for their
maintenance will be reduced as well.

The main objectives of the reconstruction:

—increase of operational reliability and prolon-
gation of service life of hydro-units due to replacement
of worn out and obsolete units taking into account mod-
ern requirements of power system;

— increase of the turbine efficiency and power;

—replacement of obsolete measuring devices in
control systems;

— increase of environmental safety;

— expansion of the turbine power control range.

Qil piping

Fig. 1. Oil head of the Unit Pl. No. 16
of Dnipro-2 HPP hydro-unit

The oil piping is designed to supply oil from the oil pressure device to the runner servomotor, which
adjusts the angle of deployment of the turbine blades. It consists of an oil head, rods and servomotor.
The oil piping is one of the most important units of the Kaplan hydro-turbine, both in terms of reli-

ability of the unit operation, and in terms of ecological s

afety.

Given the importance of this unit, it gets special attention at all stages of creation — from project de-

velopment to manufacture, testing and installation.

The oil piping includes the following elements: oil head, runner rods and runner servomotor.

The oil head (Fig. 1)

is used for supply of oil under
pressure from oil pressure
head through the main slide
valve of the speed governor in
the runner servomotor cavi-
ties for the blades opening
and closing, for drain of the
waste oil in a drain tank of oil
pressure head.

During the initial de-
sign of hydro-turbines of the
Dnipro-2 HPP in the 70s of
the twentieth century, all the
experience of domestic engi-
neering accumulated at that
time [3] was taken into ac-
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was used in the design of the
oil head (Fig. 2) [4]. Fig. 2. The design of the oil head with two rods and three rigid supports
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During the modernization of
the units, which had been working
for 30-40 years, the design of the oil
head was improved taking into ac-
count the experience of operation
and the emergence of new engineer-
ing and technological solutions.

In particular, a design with
one rod and three bronze bushes was
used at the first stage of reconstruc-
tion for Units Pl. Nos. 13 and 15
(Fig. 3). This design increased the
rigidity of the oil head rods by
eliminating the flange connection of
the outer and inner rods, and al-
lowed the turning of three working
areas on the rod from one installa-
tion to ensure the alignment of the
surfaces. A rigid three-support
scheme was preserved.

During the second stage of
reconstruction  for  Units Pl
Nos. 11, 17 and 18, a structure with
one rod, middle and lower bronze
bushes and one floating upper bush
was designed and implemented.
The upper bronze bush was re-
placed by a set of self-centering
bronze and steel rings, which are
separated by an external fitting
(Fig. 4). In addition, polyurethane
cuffs were installed in the upper
and lower supports.

Replacement of the upper
rigid support (bush) with self-
aligning rings allowed to introduce
the design of the oil head, which
provided the transition to a two-
support system. The installation of
U-shaped cuffs on the oil head rod
simplifies its centering and almost
eliminates gaps in the support units,
which significantly reduces oil flow
and improves the cyclic operation of
the pumps of the oil pressure device.
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Fig. 3. The design of the oil head with one rod and three rigid supports
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Fig. 4. Design of the oil head with one rod, two rigid supports and
one support with self-aligning bushes

During the development of the project of reconstruction of hydro-units of Units Pl. Nos. 14 and 16,
together with the specialists of PISC "Ukrhydroenergo" and the operating personnel of the HPP, the experi-
ence of operation of the oil head structures of the previously reconstructed units was analyzed. The following
solutions have been implemented in its design:

— the oil head scheme with one rod increased the rod rigidity and ensured the alignment of the rod

working surfaces;
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—the upper and middle sup-
ports are replaced by self-aligning
rings, the lower one is made as a rigid
bush, which ensured the rod centering
only on the lower bush, the middle
and upper ones are self-aligning;

— cuffs with oil supply are in-
stalled in the upper and lower supports
for lubrication of their surfaces; this
ensured the minimization of leaks and
increased cyclicity of the oil pressure
device pumps switching on;

— strengthening the working
surface of the rod by chrome plating
increased the difference in rigidity
between the parts of the friction pairs;

—temperature  control  of
bronze bushes provides automatic
shutdown in case of heating;

—the use of a two-row dam
prevented the overflow of oil through
the oil reflector.

This design of the oil head
(Fig. 5) is considered optimal during
operation, and the installation organi-
zation (LLC "Dnipro-Spetsgidro-
energomontage') considers it as ra-
tional for installation on site.

Runner rods are installed in-
side the turbine shaft. Since these rods
are quite long (up to 10 meters), the
supporting surfaces in the upper and
lower parts of the shaft are bronze.
The upper rod is connected to the oil
head rod and the lower rod is con-
nected to the runner oil distributor. For
convenience of manufacture, transpor-
tation and installation, the runner rods
are divided lengthwise into 2 or 3
parts. Each part is welded from two
concentric steel pipes of different di-
ameters and flanges inserted axially
into each other, creating two pressure
cavities for the control system. The
rods are connected to each other by
flanges and sealed along the connector
with a rubber cord (Fig. 6).

Due to the large number of
flange connectors along the oil piping,
the technology of parts processing by
"pairs" has been introduced to ensure
compliance with the requirements of
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Fig. 5. Oil head design with one rod, one rigid support and two supports
with self-aligning bushes
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no fractures and minimization of /4
beating. After the final machining of i dietributar Shaft insert
each element of the pipeline, a con- % ! P~

trol connection is carried out on the
lathe and for the following parts: "oil
distributor — lower runner rod" and i ‘

%
"upper runner rod — oil head". During ] T e
. . . . . i
this operation, the beating, which is % g Z’,;‘j”j {
eliminated if necessary, is checked. = ; C_

A

The runner servomotor is lo- \
cated in the upper part of the runner
hub and is closed from above by the
turbine shaft flange (Fig. 7).

The runner servomotor is con-
trolled by the existing control system.

The servomotor piston is
made cast from carbon steel of the
20GSL brand. To eliminate the ap-
pearance of burrs on the servomotor
piston and cylinder, the bronze overlay
is made on the outer diameter of the
piston. In order to prevent oil from
flowing from one servomotor cavity to
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sure on it, are installed on the piston.
The runner rod has a central
hole to ensure the free flow of excess
oil from the cavity of the runner | _,
blades rotation mechanism into the
shaft cavity, and then through the
drain pipe of the oil head into the
drain tank of the oil pressure device | T
control system.
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Fig. 7. Sketch of the piston of the runner servomotor with the installed cuffs

Conclusions .
The complex of the imple- )A\
mented constructive decisions on con-
solidation of the stock, piston, oil dis-
tributor and oil head allowed to ensure

absence of overflows between servomotor cavities of the runner and oil head. Thus, it is possible to carry out
the standardized cyclic operation of the pumps of the oil pressure device and, accordingly, to reduce electric-
ity consumption for balance-of-plant needs.

The introduced technology of processing of details of the oil piping "pairs" provided achievement of
design values from beating and centering of the oil head rod during installation and excluded possible break-
age of rods in flange connections.

Nowadays, this design of the oil piping for vertical Kaplan hydro-turbines has been approved by the
Customer  (PJSC  "Ukrhydroenergo") and the installation organization (LLC  "Dnipro-
Spetsgidroenergomontage") and implemented by JSC "Turboatom" during the reconstruction of the following
hydraulic units: Units Pl. Nos. 14 and 16 of Dnipro-2 HPP, Units Pl. Nos. 4 and 5 of Kremenchuk HPP and
Units PIL. Nos. 1 and 2 of the Middle Dnipro HPP.
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CTBOpEHHS ONITHMAJIBHOI KOHCTPYKIII MacJiocHcTeMH po0040ro KoJieca
TOBOPOTHO-JI0NATeBHUX IiAPOTYpPOiH

'B.T. Cy6orin, ' O. C. Bypakos, ' B. M. €¢pumenko, ' A. F0. Crapuenxo, >}0. M. Kopainos,
*B. JI. PaccoBcbKHii

VAT «Typboarom», 61037, Ykpaina, m. Xapkis, np. MockoBcekui, 199
’TOB «Aninpo-CrienrigpoeHeproMonTax», 04112, Yrpaina, m. Kuis, Byi. Iropst Cikopeskoro, 6. 8, od. 20
*TIpAT «Yxprizpoesepro», 07300, Yipaina, Kuischika 0611, M. Buiropox

Chopmynbosano 0CHOBHY Memy peKOHCMPYKYIl — 30inbeHHs mepMiny eKcnayamayii ciopomypoin [ninpogs-
CbK020 KAcKaoy, niosuweHus ix koepiyienma KopucHoi 0ii, NOMyHCHOCMI ma exoo2iunoi be3nexu, po3wupenns oiana-
30HY pe2yio8aH sl ROMYICHOCTI 2I0pOeNeKmpoCcmanyill, 3abe3neyenns Hadiunocmi ma niosuweHHs beneku pobomu ix
001a0HaHHA 1i CNOPYO, BUKOHAHHSA BUMOS 3 3AXUCIY HABKOTUUHBO20 cepedo8ulyd, NOANUEeHHSA AKOCTHI elleKmpoeHepaii
nicas PeKOHCMPYKYIT cucmemu Kepysanus. Y cmammi po3eisitymo ma npoananiizo8ano XpoHoao2ilo Cmeopents onmu-
ManbHOI KOHCMPYKYIL MACIONPOB0OY NOBOPOMHO-IONAMEBO20 6EPMUKAILHO20 2i0poazpe2amy 3 YPaxy8auHsam niecmo-
JEMHL020 00CBI0y eKcniyamayii ma emanie mooeprizayii 2iopomyp6in [uinposcoroi I'EC-2. YV3aeanvueno 0ocgio yodo-
CKOHANIeHHsT KOHCMPYKYIT KepyBaHHsl 2iopoazpezamom ma CUCHeMOoI0 MACIOnpuimaia 8io yHigikoeanoi 0o cmeopenns
NPUHYUNOBO HOBOI KOHCMPYKYIi. Brueceno 3minu 6 mexnHonozito mMexaniynoi 06pooKu wmane mMaciocucmemy ma none-
PEOHbO2O KOHMPOTIO. Y cucmemy Kepy8amHs 6npoeaoddiCeHo memMnepamypHuil KOHmpoib d6MOMAMUIHO20 BUMKHEHHS
azpezamy y unaoky Hazpigy mynok macionpuimaid. BOockonaneno mexnonozito MOHmMAadiCy Macionposooy ma enpo-
8a02CEHO NOONEPAaYIiiHULL KOHMPOIbL NepesipKu YeHmMpPY8aHHA MOHMANXCY MAcionpoeody. Buacnioox enposadcenus
KOMNAEKCY KOHCMPYKMOPCbKUX | MEXHONI02IYHUX PilleHb CMBOPEeHO ONMUMATbHY KOHCMPYKYII0 MACIONpo8ooy niosu-
wenoi HadTliHOCMI, WO 3MEHWUNO KITbKICMb He3aNIaH08AHUX NPOCMOI8 acpe2amis, 3HU3UN0 BUMPAMU HA IXHE MeXHiu-
He 00Cny208y8aHHA MA 3a0e3neyuno peKOMeHO08AHY CMAHOApPMAMU YUKIIYHICMb poOOmMU HACOCI8 MACIOHANIPHOL
YCMAHOBKU i, 6I0N0BIOHO, 3HUZULO CNONICUBAHHS ellekmpoenepeii na enachi nompebu. Hasedeno 06’ ckmu enposadoicen-
H5l pO3POONEHOT KOHCMPYKYIL MACIONPOBOOY.

Knwuosi cnosa: nosopommno-nonamesa 2iopomyp6ina, Macionposio, Macionpuimay, wmaneu pobo4oeo Ko-
Jeca, cep8omMomop pobo4020 Kouecd, CAMOyCMaAHOBII08AHI KilbYs.
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