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Automatic Control of a Turbo-Set Starting System

rntroduction

The develoPment of a control system of the courses of thermal processes and the
:election of the magnitudes commanding in these processes and dependent on the selected
nagnitudes of the signals controlling the operation of thę block is the basic problem
-'onnected with the automation of power blocks. The direct technological connection of
::le turbo-set with the steam generator brings about the necessity of measurements and
::ecking the mechanical, thermal and electrical magnitudes in the whole block.

The following quantities are measured and processed: the pressure of the thermodynamic
:edia, the temPeratures, the temperature diffefences, the rotational speed, the power
-.:ing, the vibrations, the eccentricity, tlre thermal elongation, the layout of mechanisms
-_d thę intensity of flow of the various media.

The number of points of measuiement on large blocks exceeds 1000.
Gradual automation of the separate units included in the composition of a power block,

":,r oPeration being charactetizęd by a smaller number of parameters than the number
-::tioned above and therefore easier to control by application of group systems of auto-
l.:ics. is a logical solution.

Ąutomation should be applied first to periods of transient operation of the block
- i ]:, aS in thesę Periods, as a rule, conventional systems of automatics are inoperative.

"] lr) thesę considerations, the so called plant starting automats acquire a particular
,' :.'ance and the Problem of automatic control of turbo-set loading on cold start para-

-:: i]ś. i.e, with the pressure and temperature of supply steam rising during the staiting
' 
- ,':, lvill be discussed in this article against the background ofthe existing state ofauto_* 
" , .: of block turbo-sets.

The object of automation and its range

--: object of automation is a turbo-set of 2l5 MW rating running in a block with
'" ;:-:nous coal fired steam generator. The nominal parameters of the steam generator
łłllillrL '::urbine are given in Table l. The turbine is composed of the high pressure (Hp),

i *,, : ::mediate pre§sure (IP) and the low pressure (LP) cylinders,l_
l
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6,]4 A. Lisicki

Table 1

Thę nominal parameters of the steam generatol and of the turbine

o
o

H

pressure of the steam
Pressure after superheater
Ptessure after interstage reheater
Temperatule of the steam
Temperature of the water
Rate o[ flow of the steanl

Power
Speed
pressure of the stean-t

Temperature of the steam
Pressure after interstage rh.
Temperature after interstage
pressure in the condenser

215 MW
3000 obr/min
Iż9 kGlcm2
535"C
ż3.6 kGlcm2

535,C
0.049 kG/cm'

152 kGlcm2
129 kGlcm2
23 kclcm2

540,C
240"C
620 tlh

14.9 MN/m'
12.7 MN/m'
2.3 MN/m'

8l3 K
613 K
17ż kgls

o

F

215 Mw
311 rad/s
12.75 MN/m'

808 K
2.31 MN/m'

808 K
0.004 MN/m'

Ternpelature

rh.

The Hp and LP cylinders are of the double-casing type, which fact, according to thę

a§sumptions of the designęrs, should ensure thę distribution of temperatures in the turbine

metal more equal than it takes place in single-casing cylinders, and possibly a faster and

easier Starting of the turbine.

The nominal distribution of temperatures in the inner casings of the turbine under

the load of 215 MW is determinęd by the coursę of the temperature changes of the Steam

flowing through the turbine, whiclr is illustrate<t , TabIę 2.

Tablę ]

The nominal distribution of the tempelatures and pfessufes in the turbine under the load 215 \l\\

Before
After
After
Before
After
After
After
After
After
In the

HP cylinder
9 stage
12 stage
lP cylinder

15 stage
19 stage
21 stage
23 stage
25 stage
exhaust

Pressure

kC/cm2 
|

129
37.9
25.3

23.6
1 1.5

4.79
2.7
1.19

0.25
0,05

KN/n2

L2650
3716
ż480
23l4
1127

470
264
ll l
24.5
4.9

535

368

317
35

447
334
ż68
188

64.6
30

808

641

590
808

720
607

54I
461

337.6
303

The turbo_set is equipped with an automatic §ystem of hydraulic control, with the go'.::-

nor valves before the HP and IP cylinders actuated by separate servomotors; the so cal.*;

starting slidę valve makes possible a change in the relation of openings of the HP anc Ii
valves. At preserrt the rise ofthe rotational speed and ofthe turbo-set loading is contro].::

by the operator by manual action on the synchronizer and on the starting slide r:,, :

The starting system of thę turbo-set is presented in Fig. 1,
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The HP reduction and dęsuperheating station R,S1 nrakęs possible directing of the

steam from the steam generator to the interstage reheater, bypassing the HP cylinder of

the turbine. It constitutes, therefore, a safeguard of the reheater against burning out at the

beginning of the starting period of the block, when the turbine rotor does not rotate.

During this period the steam from the interstage ręheater flows to the turbine condenser

througlr the reduction stations AR (AR2 and AR4).

Fig. l. The starting systenr of the turbo-set

During starting of the turbo-set the reduction stations ,4R, controllęd in a system of

_. Jraulic governing ofthe turbine, diręct the excess Steam produced by the steam generator

:he condenser according to the actual requirement of the turbine. The R,S1 station is

-:ipped with a separate system of automatics.

.Ąs a result of the analysis of the anticipated working conditions of the block it was

, .;:med that during the flrst stage of automation of the block turbo-sets startings, startings
-,.::2 

- 36 hour standstills i.e. startings from hot condition, when the temperatures of HP

. - : IP in the plane of tlre goverrring stages are approximately 350'C or more, will be taken

.: by sequence control.
Ttl €flsuf€ that the AsuRT §ystem of starting automatics can begin to function all

: :uxiliary equipment of the turbo-set and the turbo-set itself should be efficięnt and

. :..llowing initial conditions should be fulfilled:

. the oil circulation should be started and the oil should have the ProPer, defined in

: j:Ctof} instructions, temperature and pressure,
- the barring (turning) gear is operating,

_ the pressure in the condenser is nominal,

: the vacuum load limiter is switched off.
- -.3 SYStemS of the starting automatics which constitute ASURT are treated as supple-

" " .:} ones and all the systems of automatics, safeguards and signalling, constituting

-.:d factory equipment of the turbo-set, are rętained.
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The-conception of §tarting and of shutting tlown the turbo-set

Control of the flow rate óf the steam supplied to the turbine will take place by means

of the speeder gear (synchronizer) and the governing valves befote the HP and IP cYlinders

of the turbine.
It is possible, by acting on the starting slide valve, which changes the ręlation of oPenings

of the Hp and IP valyes, to start the turbo-set by supplying thę stęam to the intermediate

and low pressure cylinders only.

Such starting is justified by the possibility of attaining more rapiclly the required steam

temperature due to the temperature of the metal of the IP cylinder, as the steam generated

jn the boiler is superheated in the cascade arrangement: primary superheater-interstage

reheater (Fig. 2). The control signals are current signals, the values ofwhich dePend on the

differences of temperatures in the;netal, between the metal and steam at selected Points

of the turbine, and on the relativę expansion of thę rotors and thę cylinders.

Starting of the turbine will be executed on slip parameters i.e. at rising pressure and

temperature. At a set, determined opening of the governing valves the quantity of heat

energy supplied with steam to the turbine may therefore be variable,

In order to maintain the quantity of energy supplied to the turbine constant, as required

e.g. by the actual distribution of temperatures in the metal of the turbine and by the relative

Fig. 2. Selection of starts: HP+IP+LP or IPłLP, bypass HP

elongations, it may be necessaty to partially close the valves during the starting period.

Hence the motors actuating the spoeder gear and the starting slide valve ensure two-directio-

nal movements of the governing valves, depending on the control signals.

The control signals directed to thę boiler operatoros control desk also influence the

magnitude of the temperature of the steam supplied to the turbine. The incręase of turbine

speed is rcalizęd according to numerous time programs detęrminęd on the basis of the

starting cufvęs given by the turbine producer and selected according to the thęrmal con-

dition of the turbine.

Loading of the turbine during starting results from the intensity of the flow of steąm

HP + ]P+ IP
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cleterrnined on the basis of steam conditions, tlre clistribution of tenperatures in the metal

o1' tlre turbine and on, the arrangement of the relative elongations.
Urrtoading of the turbo-set is carried out according to the programmed load decrease

at various speeds of rrnloading in MW/min, depending on the technical condition of the

turbine before setting the speed and during utrloading, which is also associated with the

variations of steam conditions.
Besides the selected control signals from thę detectors and from the measuring instru-

rnents for checking the temperatures, the bearing vibrations, the eccentricities of the shafts

and the expansions, signals limiting the starting speeds, cutting off the steam supply to

the turbine or acting on the emergency tripping of the turbine are also tran§mitted.

ltN
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§

Fig. 3. The relation between thę adrnissible stresses
as a function of the nr.tmber of start-ups

7000 10000
/y'umber of start-ups.

The loading of the turbo-set will take place in such a manner so as not to allow neither
.;eeding of the admissible stresses in the turbinę casings nor the admissible relative

:,rrgations.

Dlte to the lack of possibilities of direct nleasurements of stresses in the metal of the

_::jrre it is assumed tl,at they depend on the temperature differences between points de-
,:ci on the trrrbine casings. Admissible stresses, hence also the temperature differences,

.:-etld on the frequency of the start-ups and on the absolute values of the temperatures
:::e above mentioned points of tlre casings.
Tile relation between the admissible stresses in the turbine casings is illustrated in Fig. 3

:unction of tlre number of start-ups. The conclusion from this clrawing is that after
, , start-u,ps tlre admissible stresses are equal to the half of tlreir initial value. Momentary-
. .,..le stręsses are considerably more difficult to cope with from the point of view of
-:ing their appearance, Fig. 4 illustrates the relations of the unstable stresses in the

- : casings as a function of the rate of temperature rise in the turbine casing.
. e vident from Fig. 4 that unstable stresses may be eight times greatet than admissible
..nits at the rate of temperature growth of the casing equal to lo'C/min. They are

,.":arly dangerous as tirey lead to uncontrolled creep in the turbine casings.

-, 5 iilustrates the admissible temperature difference in the casing as a function of
,.-:ng temperature. This diffęrence decreases at the metal temperature of 600'C to
' :he at the casing temperature of 100"C,
_,ntaining of the steam conditions should be carried out automatically or manually

.: l]lźtflllęf that the pressure and the temperature of thę steam will rise at a precleter-
-.,te. This refers to tlre initial (live) steam as well as to tlre rehęat steam.
j .enlperaturę ofthe live and relręat steam should exceed the temperature ofthe inter-
:_: of the turbine by l0 to 70'C, If the pressure of the initial steam rises faster then

\
_\
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Fig. 4. The relation of the unstable stresses as
a ftrnction of tempelaturę rise in the turbine casing

the steam dumping station should open at the moment the set value is obtained. The HP and
IP governing valves should be completely open to ensure a uniform heating of the governing
stage chambers.

Every sudden change of pressure, and therefore of the load, results in a step change
of temperature diffęrences in the metal followed by a step change of stresses, Hence, in
order to maintain constant temperatuie differences in the casings, it is necessary, besides
applying a steam temperature control, to ensure the appropriate rate of steam pressrrre
changes.

Operation on slip steam parameters does not, however, ensure full utilization of the
accumulated boiler capacity and the rate of load increase is limited by the boiler output.

These limitations are eliminated by a combination of the slip parameter operation
with an operation on constant pressure.

Such a manner of running a start-up is based on the fact that when the boiler assures
the required change of the pressure, the turbine is loaded at variable pressure, while in the
case when the pressure deviates from that which is required, the turbo-set operates at a con-
tinuous pressure before the governing valves up to the time of an appropriate rise of the
pressurę. rt is necessary, however, to take into consideration that the temperature variation
in the governing stage will be greater than in the case of an operation at a slip variable
preSsure.

According to the diagram in Fig. 6 the rate of steam flow to the turbine is controlled
in relation to the actual steam conditions and to the temperatures of the casings. Such
procedure is automatic and does not depend neither on decisions of the operator nor on
unprecise running of'the boiler which is corrected by the flow feedback. The system operates
in such a manner that if the steam flow is cut off e.g. the IP part, the decreasing steam-metal
temperature difference will bring about a decreasę in the quantity of steam being transferred
to the turbine casing. If simultaneously the set steam flow, e.g. M ,rersr, is cut off and the
rise ofthe temperature ofsteam from the interstage reheat is stopped, the quantity of heat
transferred to the casing is furthęr decreased.

The selection of systems with feedbacks for controlling the heating of the casing is
justified by the necessity to avoid the influence o1 variable loading of the turbine and of
running the boiler in a manner deviating from that called for by the program for operation
for the turbo-set. The process ofheating the turbinę is therefore controlled in a dual manner

a fuo 2(n 3a0 4a{) 500 Óc

Tempemture of the cosing

Fig. 5. Admissible temperature difference in the
casing as a lunclion ol the casing tempeIature

\
l

\
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i.e. by maintaining a determined reaction betweęn tlre steam flow rate and the steam-metal
temperature difference and by an appropriate steam temperature control which is carried
out by the boiler operator.

The ultimate number of temperature difference measuring points may be determined,
for lack of operational experience, only after an investigation.

It is expected that the numbęr of measuring points will be decreased and that they will
be selected from among those proposed up to now.

The toading and heating of the turbine takes place at slip parameters of the initial
and reheat steam when the boiler ensures such a manner of operation. If the boiler does not
fulfil the requirements set by slip loading these operations will have a combined character.

Fig. 6. The relation between the late of steam
flow and a pressllle of steam before the lP palt

Firing the position of the governing valves of the HP and IP parts of the turbine does

...,t lead to the stabilization of the steam flow as the loading depends on the pressure

:riation in the boiler and in the interstage reheater. This is thę basic difference in the start-

_: between the block supply and thecollector supplyof'the turbo-setswhich result from the

- r-variable parameters of steam.
Due to the design considerations and to the manner of piping layout of the IP part,

--: above all to the lack of straight sections, measuring of the steam flow rate to the IP
-,:t by the Venturi tube method is possible. In connection with this thę steam flow ratę and
-3 pressure drop on the first group of stages of the IP paft (from the governing stage to
,: t}rird extraction point) will be utilized for controlling the steam flow rate to the IP

",::. as is shown in Fig. 6.

Fig. 7 presents the diagram of the system measurements and automatics for controlling
: _tlading of tlre turbo-set.
l:le control of the rate of steam flow to thę turbo-set is carried out by means of the
;:ning valves ZR in thę system of hydraulic governing of the turbine by acting through

, .leeder gear and loading gear (the so called synchronizer) and the starting slide valve
:: :. 4). The speeder gear and the slide valye are controlled by magnetic amplifiers Wl
_ ;i ? depending on the actuation error between the set value and the actual (measured)

-; of the rate of steam flow to the HP or IP casing of the turbine.
l,e set value of tlre flow rate is formed in the computing arrangement, respectively

, . IP, depending on the temperature differences of the steam and the turbine metal
. : .le set value experimentally determined during controlled start-ups, of thę heat penetra-
" _, r in accordance with the described in p. 4 conception ofthe control ofturbine loading).
, _.e of equipping the turbo-set with a §ystem of electrohydraulic governing the above

red signal from the differęnce ofthe steam flow rates is directed to the electrohydraulic

4a0
M*,

300
[th]
200

/u
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Fig. 7. The sYstem of measurements and automatics for controlling the loading of the turbo_set
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Automatyczne sterowanie układem rozruchowym turbozespołu

streszczenie

W artykule opisano zasady działania i budowy §y§temu automatycznego sterowania układem

,orruńo*i- turbozespołu (łs'Unr). AsURT obejmuje trzy etapy rozruchu i odstawienia turbozespo_

l) sterowanie wzrostem prędkości obrotowej według wybieranych programów czasowych,

681

transducer (EHR), acting through it upon the governing System of the turbine, The dif_

ferentiating elements differentiate the measured temperatures at the rępresentative point§

of the mętal signalting aS a result the rates of change of these temperatures, The measured

meohanical values (vibrations, displacements) and thermal Yalues (temperatures and

their differences) are conyerted into electrical signals in the transducęrs P, Fig, 7 shows a

fragment of the design of the ASURT system and the numeration of the elements of the

automatics in the figure is such as in that design,

Threshold limiters G safeguard against exceeding the admissible values of the mea-

Sured magnitudes. The signals from the limiters cause stopping or recession of the turbo-

set loading process.

The course of the starting operations (which are marked, e.g. 58 in Fig, 7) their run .

being signalled in the logical paths influences, among others, the value of the set flow

rate and the programming of the temperature changes of the live and reheat steam,

End notes

The ASURT system ensures universal a control of the condition of the turbo-set

during the starting and the stopping periods and corrects that condition in the diręction of

improving and accelerating a start-up and increasing its safety,

From among 80 signals from measurements of viriues controlled during operation of the

turbo-set 4 groups of control signals were selected: the speed during the starting period,

the steam and metal temperature differences, the flow rate during loading and the Power

during the loading perioa. The remaining values measured from safeguarding signals,

various for different levels of the controlled values, and interlooking signals,

The information acquired from technical literature and direct contacts with designers

of automatics Systems (LMz,Bergmann Borsing, CNIIKA) justify §tating that application

ofthe so called active starting automats, i.e. such that control and not only check the opera-

tion of the equipment, is a modern solution.

The ASURT devices are the equipment of the active type. Adaptation of the ASURT

s),stem to a co_operation with a turbo-set equipped with a system of electrohydraulic govern-

ing is possible and it is anticipated in the design of the system to project,

Realization of the project, preceded by working out the necessary shop and assembly

documentation, .eq.ri.", a co_Óperation with research and designing institutions of the

power industry.
The experience to date in this range allows anticipation of successful development of

rrork on automation of the power equipment.
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2) sterowanie obciążeniem turbozespołu przy zmiennych, tzw. poślizgowych parametrach pary;
ASURT działa na tym etapie jak układ adaptacyjny,

3) odciążanie turbozespołu według wybieranej przez opetatora prędkości zmiat obciążenia
w MW/min.

Omówiono zależności między naprężeniami w korpusie i różnicami temperatur metalu korpusów
turbiny oraz związek tych wielkości z ilością rozruchów.

Przedstawiono schemat układów pomiarowych i automatyki składającej się na układ ASURT
otazbieżące i perspektywiczfle pracę dotyczące automatyzacji turbozespołów w blokach energętycznych.

AsroMarlłqecrcoe y[paBJIeH!łe flycnoBofi cucreirłofi
Typ6oaTpelaTa

Pegroue

B crarre o[trcLIBaIoTc, npIłHqIł[bI peźcrnua Ił,KoHcTpyKIlIł}ł cI4cTeMEI aBToMaTullecxoro .}flpa.BJIeHIl,
nycxoeoft crłclevoż ryp6oa.rperara (AYflCT), ĘoJIbcK. ASURT. AYICT oxBaTLIBa.eT TpŁ 3TaIIa nycra
I4 ocTaHoBKIł ryp6oarperara :

1) ynpa.snerrrłe HapacTafireM cKopocTll BpaIIIeHIł, no rłs6paIrHrnł nporpaMMaM ee pacnpeAeJlenlł,
IIo BpeMeHtr,

b) yrrurr-","re Harp}:xoIł ryp6oarperara nprł nepeueuirlx, T. Ha3. cl{oJTb3rlllrlx ,rupar.rpa* .rapa;
AYnCT Ha 9ToM ?Tane AeńcTByeT KaK aAanTauRoHHafl cilcTeMe.,

3) c6poc Ha.rpy3l{I4 ryp6oarperara c er,l6rłpaevoń onepaTopoM cxopoclb}o rłtveueHrłń Harpy3Kn
e Mer/mrłu.

O6cyx4arorcx 3aBIłcIłMocTIł MexAy Ha,TlprxenvrtMl4 B Kopnyce.rł pa3HIłIIaMIł TeMnepaTyp MeTa.]lJla
ryp6rłrrrrrrx (opnycoB, a Ta.Kxe 3aBIłcIłMocTLl 3Trtx BenI4qI4H oT KoJułqecTBa IIycKoB.

[Tpe4cra.eleHa cxeMe. h3MepI4TeIbHbx c14cTeM il aBToMaTnKv, o6paryroruelź c14cTeMy AYIICT. O6cyx-
AąIoTcfl TeKy]Ilue ,l flepcfiel{Tl4BHrre pa6orrr, (acaput}lec, e.BToMaTI{3auI{rł ryp6oarpóraroB B 3HepreTI{-
qecrux 6rrorax-


