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Introduction

According to the regulatory documents of the Ministry of Energy and Coal Industry of Ukraine, the be-
yond-design operating life of the high-temperature power equipment of 200 MW power units is limited to the
operating life of 220,000 h and 800 start-ups [1]. To date, the high-temperature cast bodies of the control valves
(CV) for the high-pressure cylinders (HPC) and intermediate-pressure cylinders (IPC) of 200 MW steam tur-
bines of DTEK Lugansk TPP have operated for about 305,000-330,000 h with a total number of start-ups from
1,438 to 1,704, which exceeded the beyond-design operating life characteristics. A significant excess of design
service life indicators carries the danger of emergency equipment failure with serious material costs [2].

A significant shortage of maneuvering capacities in the United Energy System of Ukraine leads to
the frequent involvement of 200 MW power units in energy generation regulation. At the same time, the
studies carried out [3] show a direct relationship between the number of operational failures of turbine steam
distribution bodies and the number of variable operating modes.

The studies carried out [4] have established the most loaded zones of steam turbine CV's where both
cracking and fatigue cracks occur. These are the radius round-offs and transitions between the steam inlet or
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outlet pipes and the steam duct, areas adjacent to the stiffeners inside the steam duct, and the valve seat cage.
In these areas, the greatest stresses arise during numerical experiments on the study of the thermally stressed
state. At the same time, it has been found that for certain operating conditions, these stresses can exceed the
creep limit of valve steel at design metal temperature [5].

The computational studies of the service life indicators of the locking and protective valves of the
K-200-130 steam turbine have shown a significant effect on the durability of their operation not only of
static, but also of cyclic mechanisms of destruction [6].

Taking into account the above, the problem of assessing the residual service life of the CV bodies of
the HPC and IPC of the K-200-130 steam turbine is relevant, and must be solved when justifying the possi-
bility of further operation of this equipment.

Purpose and Objectives of the Study

The purpose of this paper is a calculated assessment of service life indicators and justification of the
admissibility of extending the operation of the CVs of the HPC and IPC of the K-200-130 steam turbine of
power unit No. 15 of DTEK Lugansk TPP.

To achieve this purpose, we performed:

— a calculation of the amplitudes of the strain intensity in cast CVs and the permissible number of
cycles for the most typical operating modes of a 200 MW power unit;

— an assessment of the resistance of valve base metal to the exhaustion of long-term strength and a
calculation of the static damage of valve bodies for stationary operating modes;

— a calculated assessment of the residual service life of the CV bodies in the HPC and IPC of the K-200-
130 turbine and justification of the possibility of extending their operation.

Assessment of Low-cycle Fatigue of the Control Valves of the HPC and IPC of the K-200-130 Steam
Turbine of Unit 15 of DTEK Lugansk TPP

The verification calculation for the low-cycle fatigue of the CVs of the HPC and IPC of the K-200-130
steam turbine of unit No. 15 of DTEK Lugansk TPP was carried out on the basis of the analysis of the acting
loads and temperature fields at typical start-up conditions, which we obtained earlier [7]. The obtained maximum
and minimum values of stress intensities for stationary and transient operating modes of the turbine are taken
into account. The damageability of the bodies of the HPC CVs and IPC CVs is taken into account according to
the data of visual inspection, etching, magnetic particle diagnostics, and determination of the mechanical proper-
ties of the metal. The calculations were carried out using the amplitudes of elastic strains, since the values of the
intensities of elastic strains satisfied the condition [8]. The calculation method for low-cycle fatigue, as well as a
mathematical model for calculating the service life indicators of steam turbine equipment is presented in [9].

When performing the calculation for low-cycle fatigue of the body of the CV of the HPC (Fig. 1) of
the K-200-130-3 steam turbine, characteristic control points were considered (Fig. 1, a), in which the ranges
of intensities of conditional elastic stresses were determined for all the periods of starts from different ther-
mal states (Fig. 1, b, 2). The maximum stress intensities at start-up from the hot thermal state are observed in
the steam box at the moment the rotor jerks (estimated time 1=920 s) and amount to 100 MPa. At other
times, the stress values do not exceed 90 MPa.

At start-up from the cold thermal state (Fig. 2), the maximum stress intensity =120 MPa is ob-
served in the seat cage throat of the HPC CV after 5 minutes from the beginning of the preliminary heating
of steam lines (estimated time t=300 s). When the nominal operating mode is reached, all the stresses in the
regions under study acquire a tensile nature and amount to 35-70 MPa.

Similar studies were carried out for the [IPC CV (Fig. 3, 4). The maximum stress intensities during
the hot start-up occur at a time instant of 2,400 s (the turbine is loaded up to 100 MW of electrical power)
and is 152 MPa in the area of the welded joint of the steam inlet pipe and the steam duct. Also, high
102 MPa stresses are observed at the same moment in the area of the steam inlet from the side of the auto-
matic protective valve (Fig. 3, b).

At start-up from the cold state (Fig.4), the most loaded time points for the IPC CV are 1=100s
(2 minutes after the start of the heating of steam lines), 17=2,700 s (rotor jerk) and t=9,300 s (the beginning of
turbine loading after synchronization with the power line). The values of the maximum stresses at these time
points are 103, 150, and 139 MPa, respectively.
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Fig. 1. Dynamics of changes in stress intensity in the HPC CV at start-up from the hot thermal state:
a — characteristic areas of study (1 — steam inlet pipe area, 2 — the radius transition from the steam inlet pipe to the steam
box, 3 — valve seat throat, 4 — steam box); b — stress intensity in time

g0 @ MPa

40 \ /_\ >
"—TS _1
0-&4. . . . — 2

300 3300 6300 9300 12300 -18366- "1§360 21300 243007 2
¥y ~ -

’ ~ - -=3

-40

-80 R

-120 £

Fig. 2. Dynamics of changes in stress intensity in the HPC CV at start-up from the cold thermal state
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Fig. 3. Dynamics of changes in stress intensity in the IPC CV at start-up from the hot thermal state:
a — characteristic areas of study (1 — steam inlet pipe area, 2 — weld zone of the steam inlet pipe and steam box,
3 — steam box area at the exhaust pipe); b — stress intensity in time
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Fig. 4. Dynamics of changes in stress intensity in the IPC CV at start-up from the cold thermal state
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Since the maximum stress intensities for all the investigated modes did not exceed the yield stress of
the 15Kh1MI1FL steel at a temperature of 540 °C, which is 168 MPa, the plasticity problem was not considered.
It should also be noted that the low stress level is explained by the start-up technology at power unit No. 15 of
Lugansk TPP, according to which all the start-up modes are performed with fully open CVs, except for the
start-up from the hot thermal state, during which the IPC CV changes its flow area (the HPC CV is fully open).

The obtained dynamics of the change in stress intensity makes it possible to establish the strain in-
tensity amplitude value and bring it to a symmetric loading cycle, using the Neuber method [8].

The permissible number of cycles for each start-up mode was determined from the experimental
curves of low-cycle fatigue for the 15Kh1M1FL steel for the specified temperature (Tables 1, 2).

For the HPC CV (Table 1), the strain intensity amplitude (reduced to the symmetric loading cycle) for
the considered start-up modes is 0.032-0.037%, which corresponds to the permissible number of cycles to de-
struction, exceeding 10,000. This fact demonstrates that the low-cycle fatigue influences the damage of cast
HPC CVs insignificantly, which is associated with favorable conditions for the start-up technology at this TPP.

When carrying out a computational assessment of the low-cycle fatigue of the metal of the K-200-130
turbine IPC CV body (Table 2), the maximum valve wall temperature did not exceed 536-540 °C. The low
level of reduced strain at start-up from the cold thermal state (0.048%) also determines the permissible number
of cycles over 10,000. Only at start-up from the hot thermal state, due to a high level of stress amplitude
(103 MPa), does the strain amplitude value turn out to be 0.069%. The permissible number of start-ups from
the hot thermal state for the IPC CV is 9300.

Table 1. Calculated assessment of the low-cycle fatigue of the HPC CV body metal

Sﬁlrt- Calculated Stress intensity amplitude Reduced Permissible number of start-ups N,
p temperature #,,,, °C in a cycle ¢,, MPa strain g, ,, % at safety factors ny=>5, n.=1.5
type
HS 538 63.50 0.0315 >1-10°
CS 536 74.45 0.0369 >1-10°
Table 2. Calculated assessment of the low-cycle fatigue of the IPC CV body metal
S:lart- Calculated Stress intensity amplitude Reduced Permissible number of start-ups N,
P temperature .y, °C in a cycle ¢,, MPa strain g, ,, % at safety factors ny=5, n;=1.5
type
HS 540 103.0 0.0692 9300
CS 536 74.9 0.0484 >1:10°

Calculation of the Service Life Indicators of the CVs of the HPC and of IPC the K-200-130 Steam Turbine
of Unit No. 15 of DTEK Lugansk TPP and Justification of the Possibility of Extending Their Operation

Taking into account the data on the intensities of conditional elastic stresses during start-ups from various
thermal states, as well as the assessment of the low-cycle fatigue of the metal of the CVs of the HPC and IPC of
the K-300-130 steam turbine, the calculated assessment of their damage and individual residual lives is presented
in Table 3. According to the operation organization, the total number of start-ups is 438 and the total operating
time of the power unit for the entire operating period is 305,303 h. The safety factors in the number of cycles ny=5
and strains n;=1.5 were taken according to the recommendations in [8]. According to the calculations, the cyclic
damage of the cast body of the HPC CV was 14.4%, and that of the cast body of the IPC CV, 15.3%.

With regard to static damage, it should be noted that for the CV metal, it is 82.5% in the case when
the permissible operating time of the CV metal is taken to be 370,000 h. With the admissible operating time
of the metal of 470,000 h, according to the data in [6], the static damage of the cast bodies of the CVs of the
HPC and IPC decreased to 65%.

Thus, the total damage to the metal of the CV bodies of the HPC and IPC is 97% and 98% with a
permissible metal operating time of 370,000 h, and the residual service life is almost completely exhausted,
which does not allow the possibility of extending the operation of this equipment.

In the calculation of the permissible operating time of the metal, using the experimental curves of the
long-term strength of the 15Kh1IMI1FL steel [6], the total damage to the CV metal is reduced to 79% and
80%, and the residual life is 79,510 h and 75,200 h for the HPC CV and IPC CV, respectively.

ISSN 2709-2984. Ilpobremu mawunodyoysanns. 2020. T. 23. Ne 4 25



DYNAMICS AND STRENGTH OF MACHINES

Table 3. Estimated assessment of the service life indicators for the bodies of the CVs of the HPC and IPC
of the K-200-300 steam turbine of power unit 15 of DTEK Lugansk TPP

Name Formula HPC CV body IPC CV body
Total number of start-ups Nyotal 1438 1438
Total operating time Tiotals N 305,303 305,303
Safety factors in the pumber ny g 5/15 5/15
of cycles/in strains
. Nys=935 >10,000 9,300
fo difforent types o stat-dps Nys=259 >10.000 9.300
Ncs=244 >10,000 >10,000
Cyclic damage Heyaic=>m /Ny, % 14.4 15.3
Permlsmblet‘i‘;féal operation tih 3.7%10° 47x10° | 3.7x10° | 4.7x10°
Static damage Mtatic= Trotar /0, % 82.5 65.0 82.5 65.0
Total damage =it eyetic, % 96.9 79.4 97.8 80.3
Individual residual service life T esiauai=GXTannuat, N 9,786 79,510 6,890 75,200

If the expert commission, consisting, according to [1], of representatives of the power plant, manufac-
turer, specialized and other organizations, can accept the permissible metal operating time at a level of
470,000 h, then the individual residual metal life for the body of the CV of the HPC of the K-200-130 steam
turbine is 79,510 h, and that for the body of the CV of the IPC is 75,200 h. This allows us to extend the opera-
tion of the bodies of the CVs of the HPC and IPC by 50,000 h with the number of start-ups equal to half of the
beyond-design number, i.e. 400 start-ups.

Conclusions

1. The performed calculation for the low-cycle fatigue of the bodies of the CVs of the HPC and IPC
showed that the highest value of the amplitude of the stress intensity for the HPC CV is observed during the
start-up from the cold thermal state and is 74.5 MPa. For the IPC CV, the highest stress amplitude (103 MPa) is
characteristic of the start-up from the hot thermal state. A relatively small strain intensity amplitude value dur-
ing start-up conditions sets a high permissible number of cycles for the HPC CV (10,000) and IPC CV (9,300).

2. The total damage accumulated in the base metal of the CV bodies for 305,000 h of operation is
79.4% for the HPC and 80.3% for the IPC, with the safety factors for the number of cycles and deformations
ny=5 and n.=1.5, respectively, as well as the permissible 470,000 h operating time of the metal.

3. The estimated value of the individual residual life of the cast bodies of the CVs of the HPC and
IPC of the K-200-130 turbine is 79,510 h and 75,200 h, respectively. This makes it possible to extend the
operation of the bodies of the CVs of the HPC and HPC by 50,000 h, with the residual number of start-ups
not exceeding half of the beyond-design number.
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Ouninka 32 IHIIKOBOTO pecypcy JUTHX KOPIYCiB Pery/iol4Ynx KJIANaHiB eHepro0JoKiB
noty:knictio 200 MBT

0. 10. Yepnoycenko, 1. B. Punaiok, B. A. Ilemxo

HarrionanpHui TeXHIYHUM YHIBEpCUTET Y KpaiHu
«KuiBchkuil onmiTexHiyHuii iHCTUTYT iMeHi Iropst CikopchKoro»,
03056, Ykpaina, m. Kuis, mp. I[Tepemorn, 37

B nopmamuenux doxymenmax Minicmepcmsa enepeemuku ma 8y2iibHoi npomuciosocmi Yxpainu napkoeuti
pecypce 8UCOKOMEMNepamypHo20 eHepeemuyHo2o oonaonantsa enepeobnoxie 200 MBm obmedcenuii Hanpayio8aHHM
220 muc. 200un ma uucirom nycxie 800. Ha cb0200Hi 6ucokomemnepamypHi 1umi KOPpRYCcu pecyuodux KIananie yuii-
HOPIB 8UCOK020 MaA cepedlbo2o MUCKY naposux mypoin nomyacuicmio 200 MBm enepeoonokie JJTEK Jlyeancoka TEC
sionpayrosau oauzvko 305-330 muc. 200un 3a 3a2anvHoi Kinbkocmi nyckie 6io 1438 0o 1704, wo nepesuwye napxosi
sHayenns. Tomy HeobXiOHO Nposecmu OYIHKY 3AIUUKOBO20 PeCypCy KOPRYCi8 pe2ytoiouux Kiananie yuiinopie 8UucoKo-
20 i cepednvozo mucky naposoi mypoinu K-200-130, wob suznavamu modxcaugicms ii nodanvuioi ekcniyamayii. Jlani
PO3PAXYHKU UKOHAHT HA 0A3i 00CNIONHCEHHA MENI08020 | HANPYHCEHO-0eOPMOBAHO20 CIMAHIB TUMO20 YCIMAMK)8AHHS
mypOiHu, Wo 8UKOHAHI agmopamu paniute. B pobomi CmaHo8ieHo 3HAYeHHs NPUBEOeHUX 00 CUMEMPUYHO20 YUKTY HA-
BAHMAICEHHS. AMNIIMYO [HMEHCUBHOCMI Oehopmayiil 05t HAUOLIbUL MUROBUX 3MIHHUX pedicumie pobomu. Buxopucmo-
8YIOUU eKCNEPUMEHMAbHI KpUei Manoyukiosoi emomu cmani 15XIMI1DJI, Oynu écmanosieni 3HauenHs 0ONYCmMumo2o
YUCIa NYCKi6 | HAKONUYEHA 8 OCHOBHOMY MEMAi YUKIIUHA NOWKOONCY8AHICMb. SHAYEHH HAKONUYeHOI 6 X00i cmayio-
HAPHUX PENCUMIE pOOOMU CINAMUYHA NOUKOOICYBAHICMb BUSHAYALACH 32I0HO 3 OMPUMAHUMU ABMOPAMY PaHiule eKc-
NEePUMEHMATbHUMU OaHUMU U000 0oe2ompueanol miynocmi cmani 15XIMI®JI. IIpogedeni po3paxynku nokasauu, uo
CYMAPHA NOWKOOICYBAHICIb KOPNYCI8 pe2ymoiouux kianauie naposoi mypoinu K-200-130 oroxa Ne 15 JTEK Jlyean-
coka TEC cxnaodae 97 i 98%. 3anuwxosuii pecypc memany pe2yniolouux KI1anamis Yurinopie 8UCOK020 MUcKy npakmuy-
HO euyepnanull i cmanosums 10 muc. 200un. 3anuwkose Hanpayo8aHHs pe2yrioluux Kilanauié yuliHopie cepeonbo2o
TMUCKY CKAAOAcE 7 muc. 200ut, moomo maxoc matice suiepnamne, 3a Koe@iyicumis 3anacy MiyHoCmi 3a YUCIOM YUKII6
i 3a depopmayiamu ma pieui 5 i 1,5, 6ionosiono, a maxosic donycmumoeo vacy pobomu memany 370 muc. cooun. Ipu
30inbenHi donycmumozo uacy pobomu memany 00 470 muc. 200un 8ion0GiOHO 00 eKCNEePUMEHMATbHUX OOCTIONHCEHD
KIII im. leops Cikopcbko2o cyMapHa NOWKOOICYSAHICIb Mematy KOPRycie kiananie smenuyemocst 00 80 %, a 3anuw-
Kogull pecypc 36invuyemocsi 00 79 i 75 muc 200un 01151 KIAnamis yuriiHopie 6UCOK020 i cepeOHb020 MUCK) 8I0N0GIOHO.

Knrouosi cnosa: 3anuwkosuti pecypc, 00620mpuana MiyHiCms, MaloyuKIO8d 6Momd, 3anac MiyHoCmi, pezy-
JIOIOYULL KIANAH, TUMULL KOPHYC, Naposa mypoina.
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UDC 621.125 The stress-strain state problem for the lock joint of the rotor blades of the first

stage of the medium-pressure cylinder under plastic deformation is solved.

STRESS-STRAIN STATE When solving the problem, the theory of elastic-plastic deformations is used.

The problem is solved using two different approaches to specifying plastic

OF STEAM TURBINE deformation curves. The applicability of using a simpler bilinear approxima-
tion instead of the classical multilinear one is estimated. Based on the exam-
jon i d of the classical multili is estimated. Based on th

UNDER PLASTIC ple of solving this problem, the time required to perform the calculation with

the use of the bilinear and multilinear approximations is shown. Comparison

DEFORMATION of the results obtained in the form of the distribution of plastic deformations,

equivalent stresses, and contact stresses over support pads made it possible to

Hh or A. Palkov assess the difference when the two types of approximation are used. The ob-
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tained result error value when using the bilinear approximation made it pos-
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sible to draw conclusions about the applicability of this approach to the proc-
essing of plastic deformation curves for solving problems of this kind. The

2Mykola H. Shulzhenko problem is solved using the finite element method. To objectively assess the
mklshulzhenko @ email.com effect of plastic deformation on the redistribution of loads in the lock joint, a
ORCID: 0000-0002-1386-0988 finite element model is used, obtained when solving the problem of the ther-
mally stressed state of the rotor blade lock joint. The distribution of contact

1] SC "Turboatom" stresses in the lock joint is shown. The results are compared with those ob-
199, Moskovskyi Ave., tained earlier when solving the problem of thermoelasticity. Significant differ-
Kharkiv, 61037, Ukraine ences in the level of contact stresses are noted. Results of the computational
5 ) ] ) assessment of the stress-strain state of the lock joint of the rotor blades of the
A. Pidhornyi Institute first stage of the medium-pressure cylinder of a steam turbine are presented,
of Mechanical Engineering which allow characterizing the degree of relaxation and redistribution of
Problems of NASU, stresses in the structure in comparison with the results obtained earlier when
2/10, Pozharskyi St., solving the problem of thermoelasticity. Conclusions are made about the eco-
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nomic viability of using the calculation methods presented.

Keywords: turbine, lock joint, rotor blade, stress state, deformation curve, yield
point.
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