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No. 113, 2003,3-4

Editorial

These Special Issues of the Transact,ions of Fluid-Flou Machi,nerg, Nos. 113
and 114 contain selected papers from the International Conference on Turb,ines
of Larqe Output devoted ło co--errrorate 100ih Birthday Anniversary of Prof.
Robert Szewalski. The conference was held in Gdańsk, Poland on September
22-24,2003.

The Conference is a continuation of previous conferences held at the Insti-
: lte of Fluid-Flow Machinery PAS in former years dedicated to technology of
sieam turbines. Series of conferences bearing the same name took place in the
-,,ears 1962, 1965, 1968, 1993. In 1997 organised has been a conference on steam
:irbines and related topics, but with a slightiy amended title - Problems of Fluźd,
:łow Mach,inery, At present at the Institute of Fluid Flow Machinery there are
_-onduced research of fundamental character encompassing both the issues related
:,: steam turbines and fundamentals of power engineering.

Organisers of the present conference have returned to the traditional name)
_.e. Conference on Turbi,nes of Large Output to mark the respect to the memoTy
.: Professor Robert Szewalski (1903-1993), the founder and a director of the In-
::_:ute of Fluid-Flow Machinery for several years, and initiator of the conference
series devoted to the problems of steam turbines.

The Editors ale very grateful to the referees of the papers presented in this
_ssue of the Transactźons of Flui,d-Flow Machi,nery: J, Badur, W. Batko, E. S.
Blrrka, J.T, Cieśliński, P. Doerffer, A. Gardzilewicz, B, Grochal, J. Kiciński, G.
Iiosnan, T. Król, J.Krzyżanowski, J, Mikielewicz, A. Neyman, W. Ostachowicz,
R. Puzyrewski, R Rządkowski, J. Swirydczuk, M. Trela, T. Uhl andZ. Walczyk,

We appreciate cordially the manifested authors interest in our conference.
Special thanks are conveyed to Ms 'Maya' Bagińska, for her fruitful editorial help
:=]ated to directing the papers to reviewers and correspondence with the authors
: _ _,lrtributions.

Prof. Jarosław M,iki,elewtcz
Editor-in-Chief

Dr Ed,warcl Śltwl"lrl
Managing Editor
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WOJCIECH BUJALSKI, JANUSZ LEWANDOWSKI
and ANDRZEJ MILLER

identification based on archived
process data

Institute of Heat Engineering, Wa"rsaw University of Technology, 21/25
Nowowiejska Str., 00-650 Warsaw, Po]and

Abstract
]i:rvadays, various programs for optimization and simulation of power systems are used.

.Lr,a;:::natical model based on particular system element characteristics is a core of this type of
::Tl{F:.:tl§, How accurate the modelling is depends on the accuracy of implemented characteris-
i|r§ -l the course of time, characteristics are subject to change (ageing process). continuous
ur-::iion of characteristics must be done to keep them up to date. Till now, characteristics
li*d,]lił ]€€n built based on thermal measurements, performed by special companies and could
,ui!l :Ę corrected in the on-line mode. Today, most power plants are equipped with distributed
L!a:,-:_ svstems (DCS). These systems collect information for controlling, perform the control
ua,,t l:iive the results of measurements, A large number of values are collected even during
il]iru:- .-;stem working time. These data can be easily used in different types of calculations. One
]lll lJń= is identification of characteristics. This type of data allows correcting characteristics in
ll!u," r:r,ł :node.

{,,r,,l"n-,616|5; DCS ; Identification; Modelling; Optimization

_ Preparing data for identification process

: i Algorithms of getting and archiving data from DCS
i.:lowing the method of getting and archiving data from DCS is a basic issue

]:liL: l. f,Ioper building identification algorithms. These types of systems ale a§-

rrup"r,.: :br plant control. Choice of measured values, their location and precision
ffi]n ui:i]ed to plant controlling. DCS system refreshes all values (read from the

"", :n::sponding author. E-mail address: badyda@itc.pw.edu.pl
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Figure 1. Scheme of writing data to the RIDB.

highway) once every second, These values are called "snapshots", Snapshots
ale Written to the real time database (RTDB) with various frequencies. Archiv-
ing procedures check measurement values once every minute (which is a typicai
value), but not all of these values are written to the RTDB. There are algorithrns
responsible for limitation of data being written. Such an algorithm checks if the
new value differs from the last one written to the RTDB by more than a prede-
termined value, called the dead band. Typical value of dead band is 1+5%. Fig. 1

shows an idea of writing data to the RTDB. User can get a value from RTDB for
any time. Such value is a linear interpolation between two adjacent points.

1.2 Selecting data for identification process

Data collected for identification process have to be verified. The first step o:
verification process is to check if the values for individual measurements lie withl:
technically accepted lange. Finding steady state is a very important step i-
selecting data. Characteristics being considered are true for steady state. Steac..-
state doesn't exist in reality, therefore it is necessary to define a state wher:
changes ale so small that they do not considerably affect the model precision |1'

There are many different criteria to define it, e.g. maximum deviation durirE
measurements, maximum standard deviation, or maximum number of overflows,,
It is difficult to decide what is the best method for any specific case and what th:
defining limits for a chosen method are. It needs a lot of experience in modelli.§
and thorough knowledge about the system being modelled. It is important fo:
identification to consider if values are taken as temporary or average values and :
this is the case, what the averaging time is. Temporary values transfer oscillatici
of measurements associated with process dynamics. This flaw can by remove:
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l,gure 2. Residuum of mass balance of steam turbine based on temporary values, as percentage
of supplied steam flow.

:-,- averaging. Longer averaging time gives better smoothing of deviations, buti a]s6 51n96thes changes of load. That is why the length of the averaging time
ll-,uld be about 2+5 min for steam turbines.
-:e of the methods for removing incorrect values from database, which is used in
:*lł :dentification process, is a verification of primary balances, e.g. mass balance,
lruaple of mass balance variation for steam turbine is shown in Fig. 2.

Ij there exists a ProPeI set of measurements, equalizing calculations can be
l*łr:lmed, which increase precision of obtained results [2, i].

:,3 Preparing data for testing proposed methods
]atabase including propel mea§urement values has been built to verify pro-

:'Jn*] rtethods. Data samPled once a minute during a month have been collected.
T,*l'':::r'Cs longer than 5 minutes have been chosen and successive electric outputs
*'rył jiffer by more than 1%. Data from unsteady state have been remov"d, too.
ł,,l ł :esuit, the number of records has been reduced from 43000 to 1400.

] }Iathematical model
]^[:,dels of steam turbines can be divided into two groups:

r ::j model;

l oacroximate model.

iliiili..- r,:,jel is based on efficiency and steam flow capacity characteristics. Approx-
ilIul&ls,fi* * ]del is an input-output type, with directly connected input and output
llll|lllieuL _§:ng simple approximation [4].
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Figure 3, Simplified diagram of a turbine being identified, together with measuring points.

2.I.1 Object of identification

The object of identification is an extraction backpressure turbine working in
one of the biggest CHP plants. Simplified diagram of this turbine, together with
measuring points, is shown in Fig. 3. For modelling purposes, the turbine can be
divided into four groups of stages, separated by extractions. Fig. 3 shows that
measurements before the first stage and the last (fourth) stage are performed
before valves and, consequently, a complete mathematical model for these stages
cannot be identified. It is considered using simplified model for these stages.

2.t.2 Identification of efficiency characteristic

General form of efficiency characteristic of a group of steam turbine stages
can be written as [1]:

Ą;6,a1 : Tlo1a,b1+ 5, d, Ęlo1a,b1 * 8, nto(o,u) ( (a) 
n 

* n,(ffi)') (1)

rlu6.u1 - nominal efficiency, rr, - nominal pressure tatio, po - pressure before the
gToup of stages, pb - pressure behind group of stages, ,ł9 - coefficient,

Therefore, it is possible to write this characteristic in the following form:

Tł1o,ul:ał5,b+b, ((E)n*n (E) ') (2)

rr-here a : nźo(a,b), b : 8 .rlłola,u1, c: 7to are identification coefficients.
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Figure 5. Interna] efficiency changes of the second group of turbine stages.

Equation (2) ot identification process of was carried out. Database sampled
-' ł:-.' 2 hours during one year was used for this task. Process of finding the values
l , ::efficients was based on minimizing the sum of squares of differences between
nt_.ured and calculated values.

Efficiency of group stages depends on the ratio of pTessure before and be-
i"- j the stage, Example of this type of dependence, calculated on the basis of
:n'*]:,_rurements (points) and obtained characteristic (line), is shown in Fig. 4.

l"".ults of identification presented here were tested on the selected database
*ł* :,iapter 1.3). Results of tests are presented in Fig. 5.

lŁe above figure shows that values calculated basing on the efficiency char-
tłr:ł5:StiC hardly reflect values based on the measurements. One of the causes of
*:*;rs i.s the fact that measuring instruments are located away from the turbines.
I s __aportant to remember that values calculated basing on the measurements
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are also burdened with errors which are difficult to assess. The authors mai.
many attempts to increase the accuracy of global characteristics - relevant fc,i
fu}l operating range - but did not reach satisfying result.

Currently corrected characteristic process (by changing values of the coef;_
cients) is proposed to make it up to date. The shape of characteristic does nc,;
change (the value of coefficient responsible for the shape is not changed), wh;'t
the value responsible for shift does, This type of correction is called an on-lhł
correction. Characteristics are corrected in such a way that at the instant ź coe:-
ficients calculated at the instant i,-1are used, and after having used a coefficien;
calculated at the instant ź, a new coefficient for the instant i * 1 is calculated. R+
sults of this modelling, using the database described before, are shown in Fig. 6

Efficiency values obtained from the characteristic corrected in the on-line mocię
reff,ect those calculated basing on the measurements much better,

2.1.3 Identification of steam flow capacity characteristic

General form of steam flow capacity characteristic of a group of steam turbine
stages can be written as [1]:

-0

ń - flow, ńo - nominal ffow, pa - pressure before group of stages, po, - nomina-
plessure before group of stages, Ę - temperature of steam before the group
of stages, Ęo - nominal temperature of steam before the group of stages, n -
Pressure ratio before and behind group of stags, r,o - nominal pressure ratio before
and behind group of stags, Ąo - coefficient.

After applying simplifying assumptions, equation (3) can be written in the
following form:

(3
ń Po Too-:__-.;-.
rTLo Pao l a

T: A p, ,Ę:;'
(4)

rrhere: A:T:". ^l= ń
P* o v L-n6

Identification of steam flow capacity characteristic process was made in the same
rt'av as for the identification of efficiency of groups of stages. Calculations were
pe:formed basing on data collected during one year) sampled every two hours.
_Ą criterion to find coefficients was to minimize the sum of squares of the differ-
e:.ces between calculated value and measured one. Fig, 6 shows the results of
C.a]C,iationS,

Ti,ere are relatively big temporary changes of characteristic with varying co-
eic:eits in both ca§es: efficiency and steam flow capacity. Adding limitations
io: c,:,efficient changes in one step can smooth it.

I_12_#,Q-")2
I_ffi
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Figure 6. Changes of flow through second group of stages, based on the measurements, charac-
teristic with constant coefficients and characteristic with varying coefficients.

2.1.4 Identiffcation of group of stages using simplified model

Simple relationship between internal power and steam flow is used for mod-
;-],ing a group of stages where measuring points are located before valves. Typical
:,.sults of this type of modelling are presented in Fig, 7.
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mlWre -. Relationship between internal power and steam flow for the first group of turbine
stages.

]he results are of the same accuracy as previous ones, for a full model. Cor-
:lqct:,on for characteristic accuracy was used for this type of modelling, too. The
:rrxl:_t of this type of approach is the same a§ in previous cases.
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2.L.ó Identification of turbine and generator mechanical losses char-
acteristic and generator electrical loses characteristic

T\rrbine and generator mechanical losses and generator electrical losses are
considered together because there is no possibility to identify them separately -
there are no measulements that make it possible to determine e.g. mechanical
power of a group of stages. Linear dependence between those losses and output
power for particular parts are assumed. The algorithm of this identification
process was identical with previous cases. The results are shown in Fig. 8.
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-0.15

51 l01 151 201
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Figure 8. Relative output power error.

2,L.6 Approximate model

In the previous parts of the article a method of full model identification was
presented. It is very often the case that there is no possibility to do this. In such
cases approximate model must be used. General form of this model is:

Pa:Daf;aa.ń. Ah,t

v,here:
a; - coeffi,cient, ń - flow rate through a group of stages, Lhrł, - isentropic enthalpy
drop, n - number group of stages, i - successive number of a group of stages.
The process of identification was carried out in the same way a§ described for
the full model. The results of calculations are shown in Fig. 9. Full model and
approximate model have similar precision, but approximate model does not have
so big temporary deviation.

3 Summary

Methods and algorithms necessary to build characteristics based on data
taken from the DCS are presented. The results show that the precision of mea-

HoLL()
C)

G'
c)
&

(5)
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iigure 9' Relative error of the output power calculated basing on full and approximate model,

§irement§ in Dcs systems is very low. It is not possible to build sufficientlyl:ecise global characteristic, describing operation of the modelled system for the::il oPerating range, Using the on-lńe correction of characteristic coefficient,
§l-es quite good results. This method of modelling i. prop.r, especially for pro-:esses without switching on/off devices in the system, il""urr." model calibrations made under the same conditions as the modelling process.

i,cceived 5 May 2003
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