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Introduction

Steam turbines of LMP K-200-130 type were designed for the temperature of live steam and steam
after intermediate superheating of 565 °C with a guaranteed service life of 100 thousand hours for high-
temperature elements. However, due to the difficulties encountered in adjusting steam generating units to
their design parameters, the units had actually operated until 1970 at a steam temperature of 540-565 °C, and
since 1971 they operated at a temperature of 530-545 °C. This temperature regime somewhat improved the
useful life characteristics of high-temperature elements of steam turbines [1]. The design life of the power
equipment of 200 MW power units is 220 thousand hours with the number of starts of 800 according to the
regulatory documents of the Ministry of Energy and Coal Industry of Ukraine [2, 3]. In 2005-2009 Igor Si-
korsky KPI carried out works to assess the remaining useful life of the high-temperature power equipment of
200 MW power units No. 11, 13-15 of Lugansk TPP, power units Nos. 3-9 of Kurakhovskaya TPP and
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power unit No. 10 of Starobeshevskaya TPP. Based on the results of those works, the operation of power
equipment was extended by 50 thousand hours and 400 starts for each power unit.

As of the end of 2019, 200 MW steam turbines of units No. 9, 11, 13, 14, 15 of DTEK Lugansk TPP
had operated for about 305-330 thousand hours with a total number of starts from 1,438 to 1,704. The term
of extending the operation of high-temperature power equipment between scheduled preventive maintenance
overhauls (50 thousand hours) has expired. According to the recommendations [2], it is necessary to re-
assess the individual useful life of the HP and IP control valve bodies of a 200 MW K-200-130 steam turbine
in order to determine the possibility of a further extension of operation [4].

A feature of the repeated extension of the operation of a power unit is the beyond-design operating
time of its power equipment of more than 250 thousand hours. The equipment operates in maneuverable
modes (more than 1,700 starts from various thermal states), with covering peaks of the electrical load with
the excess of the number of starts for certain types of equipment by two to three times. Such a significant
number of variable operating modes negatively affects the life cycle of the equipment and requires studying
the influence of the main damage mechanisms on the metal of cast components [5, 6].

Considering, that in practice, cracks are detected after several years of operation, it is of considerable
interest to solve the problem with account taken of possible imperfections and defects in valve-body cast-
ings, as well as low-cycle fatigue of the material in non-stationary modes [7].

Purpose and Objectives of the Study

The purpose of this paper is a computational study of the thermal and stress-strain states of the HP
and IP control valve bodies of the K-200-130 steam turbine of power unit No. 15 of DTEK Lugansk TPP.

To achieve this purpose, we performed:

—an audit of the technical documentation regarding the operating modes of the K-200-130 steam
turbine, as well as the results of diagnosing damage to HP and IP control-valve bodies in scheduled preven-
tive maintenance overhauls;

— a computational study of the boundary conditions of heat exchange of HP and IP control-valve
bodies in startup and stationary operating modes;

— a computational study of the thermal and stress-strain states of HP and IP control-valve bodies and
determination of the most loaded areas.

Research Objects and Features of Geometric Models
The steam distribution system of a K-200-130 steam turbine largely determines its economical and
reliable operation. Fresh steam is supplied to the turbine through two steam pipelines with a diameter of

325%38 mm via the main steam valves with a diameter of 250 mm. After them, the steam goes to two auto-
matic check valves with a flow section of 225 mm. Further, through four bypass pipes with a diameter of

273%32 mm, the steam goes to four control valves.
The HP control valves are of unbalanced type, except for valve No. 2. The diameters of valves No. 2,
3, 4 are 150 mm, the diameter of valve No. 1 is 125 mm, the diameter of the overload relief valve is 75 mm.
Once reheated, the steam goes to the IP cylinder through two steam pipelines with a diameter of

630X25 mm via two automatic protective valves of unbalanced type with a diameter of 420 mm.
After the automatic safety valve, the steam goes through four bypass pipes with a diameter of

426x16 mm to the four IP control valves. All IP control valves are of balanced type. The main valve diame-
ters are 325 mm, and the balanced-valve diameters are 105 mm.

The material of HP and IP control-valve bodies is the IS Kh1M1FL alloy steel.

Structurally, the housings of HP and IP control valves are complex technical objects with a devel-
oped system of steam inlet and outlet pipes. The design features of HP and IP control-valve bodies make it
necessary to model these objects in a three-dimensional setting.

The geometric model of HP control-valve bodies is constructed taking into account the complex ge-
ometry during the transition from the inlet nozzles to the vapor volume of the valve with a subsequent nar-
rowing of the outlet nozzle section to the HP-cylinder control stage. Similarly, the geometric model of IP
control-valve bodies is constructed taking into account the complex spatial geometry according to the draw-
ings provided by the operating organization.
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Regulatory documents [2, 3] in the study of the useful life indicators of the operating power equip-
ment presuppose the obligatory consideration of changes in the structure of the object under consideration
during scheduled preventive maintenance overhauls.

In 2018, during the overhaul period of power unit No. 15 of DTEK Lugansk TPP, four HP and four
IP control valves were inspected visually, as well as with magnetic particle and dye penetration tests. At the
same time, no defects were found on the outer and inner surfaces of the control valves. Therefore, no
changes were made to the design structure.

The models used to calculate the thermal and stress-strain states are shown in Fig. 1.

Design Study of the Thermal and Stress-Strain States of HP and IP Control-Valve Bodies
for the K-200-130 Steam Turbine of Power Unit No. 15 of DTEK Lugansk TPP

Computational studies of the thermal state of HP and IP control valves were carried out both in a
non-stationary setting for variable operating modes and in a stationary setting for constant modes. In this
case, the finite element method was used to discretize the computational domain. When creating a computa-
tional mesh, tetrahedral elements were used, the size of which decreased closer to the boundary of solids, and
especially in the areas of presumptive stress concentrators. The total number of finite elements for an HP
control valve is over 370 thousand, while for an IP control valve it is over 580 thousand.

The thermal states of HP and IP control valves were calculated for three variants of startup modes:
cold startup mode at an initial metal temperature of #,,=100 °C, warm startup mode at an initial metal tem-
perature of #,,=250 °C, and hot startup mode at an initial metal temperature of #,,=410 °C [8]. The boundary
conditions for thermal state calculations were determined using real and most representative start-up sched-
ules provided by the power plant.

According to the start-up technology used at power unit No. 15 of DTEK Lugansk TPP, the rotor
jerk, spin-up and power ascension are carried out with fully open control valves, which greatly simplifies the
calculation of the boundary conditions of heat transfer for start-up operating modes.

For all valve surfaces, the second- and third-type boundary conditions were calculated and set. So,
for the outer valve surfaces, second-type boundary conditions g=0 W/m” were set. For the upper section,
where the valve cover is seated, the non-stationary heat flux was calculated for the entire start-up term.

The inner valve surface was divided into several characteristic areas, for which third-type boundary
conditions were calculated based on the thermodynamic calculation of variable operating modes. The heat
transfer coefficients were determined according to the classical criterion equation of the form

Nu=0.021-Re*®.Pr*+,

The determining sizes and velocities for each area were selected separately.

Based on the obtained thermal states of the control valves, the stress-strain state was also calculated.
The main stresses that formed the stress-strain state of the valves were: temperature, stress from uneven tem-
perature fields and from the pressure of the vapor medium. A detailed description of the used algorithm for
calculating the thermal and stress-strain states of high-temperature TPP elements is given in [8—10]. Below
are the results of calculating the HP and IP control valves of the K-200-130 steam turbine of power unit
No. 15 of DTEK Lugansk TPP.

According to the results of the calculation of the thermal and stress-strain states of the HP control
valve (Fig. 1) at the rated turbine power (200 MW), it was found that due to the simplicity of the design and
full opening of the control valve, the temperature field is uniform. The maximum metal temperature
1,=538 °C is observed in the area of the steam inlet pipe, which gradually decreases closer to the exhaust
pipe. The highest stress intensity at the nominal operating mode 6,=69.7 MPa is located in the area of the
upper radius rounding between the steam inlet pipe and the valve steam duct.

Likewise, for the IP control valve (Fig. 2), the temperature field at the nominal operating mode is uni-
form. The highest metal temperature #,=539 °C is typical for the valve throat and the exhaust pipe (Fig. 2, a). A
lower temperature is observed in the area of the control-valve cover and its support brackets #,=489-515 °C.

The stress level (Fig. 2, b) is also rather low. The maximum stress intensity is manifested in the area
of the welded joint of the steam inlet pipe and the valve steam duct 6=36.4 MPa.
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Fig. 1. Computational study of the HP control valve in a stationary operating mode:
a — thermal state; b — stress-strain state
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Fig. 2. Computational study of the IP control valve in the stationary operating mode:
a — thermal state; b — stress-strain state

As noted earlier, the variable operating modes were studied in a non-stationary setting. Of particular
interest for startup operating modes is the dynamics of temperature gradients, which makes it possible to es-
tablish those points in time at which the forces from the unevenness of temperature fields will have the high-
est effect on the stress-strain state.

Temperature gradients for the cold start-up are shown in Fig. 3 for some characteristic areas of the
valve (denoted by figures in Fig. 3, a). Zones for investigating the uneven heating of: 1 — steam inlet pipe, 2
— radial rounding of the steam inlet pipe and valve steam duct, 3 — cover zone, 4 — valve steam duct, 5 — up-
per part of the seat cage, 6 — seat cage throat. In value, the temperature gradients are small, which indicates a
uniform heating of the metal of the HP control valve during the cold start-up. The largest temperature gradi-
ent grad 7=1186 K/m is observed for the upper part of the seat cage at time 6300 sec. This time corresponds
to the beginning of the rotor spin-up after the delay at a frequency of 600 rpm.

The thermal and stress-strain states of the HP control valve for the same time is shown in Fig. 4. The
highest metal temperature #,=275 °C is characteristic just of the upper part of the valve seat cage, while the
stresses in this area are about 63 MPa. The greatest stresses at this time, 6;,=83.4 MPa, are in the area of the
valve throat.
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Fig. 3. Results of calculating the HP control valve during the cold start:
a — temperature gradients; b — stress-strain state at time 300 sec

Temp [Celsius)

2.751e+002 wan Mises [Mfma2)

2.695%e+002 §.342e+007

l T.643e+007
6.,955e+007

_ G281+ 007

2.639e+002
. 2.582e+002
. 2.526e+002

5.566e+007
2,470e+002 [ =

4.67de+007
. 4.150e+007

_ 3.487e+007

2.413e+002
. 2.357e+002

. 2.301e+002 . 2.793e+007

2.244e+002 2.089e+007

2.188e+002 L406e+007

2.132e+002 T121e+006

L

2.075e+002

a b

1.643e+005

Fig. 4. Results of calculating the HP control valve during the cold start at time 6300 sec:
a — thermal state, b — stress-strain state

The maximum stresses in the HP control valve during the cold start-up are observed at time 300 sec.
This time corresponds to an increase in steam consumption for heating the steam pipelines and a more sig-
nificant opening of the main steam valve. The valve-throat stress intensity 6,=115.9 MPa.

Calculations were carried out in a similar way for other typical operating modes.

Fig. 5 shows the temperature gradients for the IP control valve during the start from the hot metal
state. Typical areas of research were (Fig. 5, a): 1 — steam inlet pipe, 2 — welded seam of steam inlet and ex-
haust pipes, 3 — cover zone, 4 — seat cage throat, 5 — inner chamfer of the valve steam duct, 6 — valve steam
duct. The values of the temperature gradients of IP control valves, as well as HP control valves, are relatively
small. The peak value grad 7=753 K/m occurs at time 2,400 sec, which corresponds to the beginning of tur-
bine loading up to 100 MW and the admission of the nominal amount of steam.

At the same time, the maximum stress intensities 6;=147 MPa appear for the entire hot start-up cycle
(Fig. 5, b). The zone of occurrence of the maximum stress is the weld between the steam inlet and exhaust
pipes. The value of stresses in the region of occurrence of the maximum temperature gradient 6,=91.1 MPa
for the given time.

12 ISSN 0131-2928. Journal of Mechanical Engineering, 2020, vol. 23, no. 3



JMHAMIKA TA MILIHICTb MAIINH

won Mizes [hlfma2)

6.900e+007

6,331e+007

L 5.758e+007

- 5.185e+007

- 4612e+ 007

- 4.033e+007

L 3.466e+007

L 2.893e+007

. 2.320e+007

Makc:

. o
1.747e+007
0.00 + + ! ;
60.00 1008.00 1956.00 2904.00 3852.00 4300.00 1.174e+007
Time (sec) 6.007e+ 006
— Areai — Area2 ——— Areal 2.764e+005
— Aread Area 5 —— Areag
a b

Fig. 5. Results of calculating the IP control valve during the hot start:
a — temperature gradients; b — stress-strain state at time 2400 sec

Similar data were obtained for all typical operating modes. Since the maximum stress intensities for
all 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.

The performed computational studies of the thermal and stress-strain states of HP and IP control
valves make it possible to assess their remaining useful life and make a decision about the admissibility of
extending the operation of the cast bodies of the K-200-130 steam turbine of power unit No. 15 of DTEK
Lugansk TPP.

Conclusions

1. For the control valves of the K-200-130 steam turbine, numerical studies of the thermal and stress-
strain states have been carried out on the basis of three-dimensional analogs. Typical operating modes have
been considered, including stationary operation, starts-ups from cold, warm and hot states.

2. The results of the study of temperature gradients and fields in a non-stationary setting make it pos-
sible to assert a fairly uniform heating of control valves for all types of start-ups. The stress intensity values
for all variable operating modes do not exceed the yield strength of the 15Kh1M1FL steel at a temperature of
540 °C, which is 168 MPa.

3. The highest stress intensities are observed in the areas of the valve seat, steam inlet pipe, as well
as welded joints and radius roundings of the steam inlet pipe and valve steam duct.

4.In the nominal operating mode, the maximum stress intensity for the HP control valve is
0=69.7 MPa and for the IP control valve, 6,=36.4 MPa.

5. The performed computational studies of the thermal and stress-strain states of HP and IP control
valves allow us to assess their remaining useful life and make a decision on the admissibility of extending
the operation of the cast bodies of the K-200-130 steam turbine at power unit No. 15 of DTEK Lugansk TPP.
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TenuioBuii i Hanpy:keHo-1e()OPMOBAHNTI CTaH JUTHX KOPIYCiB pPeryol04ux KianaHiB
eHeproodJiokiB mory:xHictio 200 MBT

0. 10. YepHoycenko, /1. B. Punaiok, B. A. Ilemxo

HarrionanpHui TeXHIYHUM YHIBEpCUTET Y KpaiHu
«KuiBcbkuil monitexHidHui iIHCTUTYT iMeHi1 Iropst CikopchKoro,
03056, Ykpaina, m. Kuis, mp. [lepemoru, 37

Tapoei myp6inu nomyoscnicmio 200 MBm enepeoobnoxie JJTEK «Jlyeancoka TEC» sionpayiosanu 6ausvrko 305—
330 mucsu 2o0un 3a 3aeanvroeo uucia nyckie 6io 1438 0o 1704 cmanom na xineyv 2019 poxy. Tepmin npoooeicenss exc-
nayamayii 6UCOKOmMemMnepamypHo20 eHepeemuyHo20 00IAOHAHHS MidC NIAHOB0-NONEPEONHCYBATbHUMU PEMOHMAMU 3aKIHYU-
6cs1. TIpoodosorcyrouu excniyamayito Kopnycie yuninopie i pomopis, ciio npudiiumu yeazy i opeanam napoposnoodiny. Ocoo-
JIUGICIIO NOBMOPHO20 NPOO0BICEHHA eKcnayamayii enep2odnoky nomyaxcticmio 200 MBm € nonaonaproge HanpayoeaHHs
eHepeemuuno2eo 0oaaouanis oimvue 250 mucsu 200un i poboma obaadHauHs 8 manegpenux pedcumax (nonao 1700 nyckis 3
PIZHUX MENIo8UX CMAHI@) nid Yac NOKpUmMms NiKie eleKmpuiHO20 HABAHMANCEHHS. 3 NePEeSULYEHHAM KLIbKOCI NYCKI Ol
OKpemux munie 061a0HanHs 6 08a-mpu pasu. Taxe 3HauHe YUCIO 3MIHHUX PEACUMIE POOOU HE2ATNUBHO 6NIUBAE HA 00B206i-
ynicms po6omu 00IAOHANHS | BUMARAE BUGYEHHSL BNIUBY OCHOBHUX MEXAHIZMI8 NOUWIKOONCYBAHOCHII HA MEMAL TUMUX 0ema-
nel. B pobomi nagedeno po3paxyHKoee 00CIiONHCeHHSE MENTI0B020 | HANPYHCEHO-0ePOPMOBAHO20 CINAHY Pe2yIOIOUUX KIANd-
Hie yuninopie sucoxoeo (L[BT) i cepeonvoeo mucky (LJCT) myp6inu K-200-130. Pospaxyrku npogedeHi 3 UKOPUCIAHHIM
MPUBUMIPHUX 2EOMEMPUYHUX MOOeNel, A MAKONAC 3 YPAXYBAHHAM PedbHuX YMos ekcniyamayii. I eomempuuna mooens kop-
nycig pecymorouux kianawie L[BT nodyoosana 3 ypaxysanuam ckiaoHoi ceomempii nio uac nepexoody 6io niogionux nampyo-
Ki6 00 naposozo 06’ emy Kianama 3 NOOAIbULUM 38YIHCEHHAM nepepizy 8i06i0H020 nampyoka 0o pecymoroyoeo cmynens L[BT.
Ananoeiuno eeomempuuna mooenw kopnycis pezyniorouux kiananie LJCT nobyoosana 3 ypaxy8anusam cKIaoHoi npocmopogoi
2eomMempii 32i0HO 3 KpeCleHHAMU, HAOAHUMU eKCHAyamyiouoio opeawizayicio. Yucenvhe 00CTIONCEHHS MENnI08020 i HANpy-
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JMHAMIKA TA MILIHICTb MAIINH

JHCEHO-0ehOpMOBAHO20 CMAHY NPOBEOeHO OJi MUNOBUX PENHCUMIB eKCHIYamayii 3 BUKOPUCMAHHAM Memooy CKIHYeHHUX ejle-
Mmenmig. Ilyckosi pesrcumu O0CiOANCYBATUCS 8 HECMAYIOHAPHIN NOCMAHO8YT, NOCMIUHT pedcumu — 8 cmayionapHii. Tennosutl
cman peeymorouux knanarie L[BT i LICT po3paxo8yeascs 051 mpbox 6apianmia nycKOBUX PeXcumis: nycK 3 X0100H020 CAaHy
3a nouamkogoi memnepamypu memary 100 °C, 3 neocmuenoeo cmany 3a novamrosoi memnepamypu memany 250 °C i 3 ea-
pAavoeo cmany 3a noyamrogoi memnepamypu memany 410 °C. I panuyni ymosu 015 po3paxyHKy menjiogoeo Cmany eusHaya-
JIUCSL 3 BUKOPUCAHHAM PeabHUX | HAUOLTbUL XAPAKMEPHUX NYCKOBUX ePAIKIG, HAOAHUX eleKMPOCMANYIEIo. 3a po3paxyHKie
MEnI08020 CMAHY 0I5l PIZHUX NYCKOBUX PENCUMIB PO32TIAHYMO OUHAMIKY 3MIHU 2padienmie memnepamyp. B xo00i 0ocridcen-
H5l HANPYHCEHO-0eqhOpMOBAHO20 CMAHY 6CIAHOBIEHO OCHOGHI 30HU KOHYEHMPAYIl HANPYICEHb 8 Pe2yIoIoUUX KIANaHax na-
posoi myp6inu K-200-130.

Knrouosi cnosa: pezymorouuil knanan, naposa mypoina, K-200-130, mennosuii cman, epadienmu memMnepamyp, Ha-
npysHCceHo-0eqhopMOBaHUL CMAH.
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