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STEAM DISTRIBUTION EXCITATION BETWEEN
HIGH & MEDIUM PRESSURE TURBINES
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Abstract :

The aerodynamic interaction between the steam flow distribution coming
from high pressure steam turbine to extracltion and reedium pressure steam
turbine of a large scale axial furbine (21 MW) is experimentally stoudied,
The duta is concerned with the measurements of the time average and
steamn discharge of high pressure turbine and medium pressure turbine on
one rotor. It also includes the measurements of instantaneovs speed and
vibration. These data were acquired with analog-digital converter accompained °
with acquisition rate of 70 KHz. It was seen that disturbed steam
distribution, rise of vibration level with fluctuation range up to dangerous
value. This may be due to a series of excitation on the rotor. This
vibration” peak appears on the vibration f{rgquency spectrum. at frequency
equal to turbine speed. The optimum steam distribution hetween high and
medium pressure turbines as a function of turbine speed and vibration
level was obtained
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Introduction :

The non-uniformity distribution of pressure, velocity and temperature
along the various sections of the turbine cause a series of excitation on
the blades. This generates dynamic stresses which may cause vibration.

The back pressure turbine {(refer as type G) make use of the pressure
drop available from two steam systems at different pressures. If the steam
is available from 80 atm. up to 140 atm. (up to 540 C°), it is classified
as a high pressure turbine (referred type bigh and medium). So, for this
type, the extraction steam (referred type E) is remarkably suitable for
operation in chemical synthesis plants. The use of condenser with turbine
(type K) uses steam at low pressure and temperatuse (88 atm, 520 C°%),
achieving an expansion down to atmospheric pressure Or to the condenser
pressure {0.15- 0.25 atm). [1]

The diagnosis of the feults of turbine set by means of the vibration
monitoring technigue was discussed by Jiang and et al [2]. The frequency
specirum  analysis method was used for the vibration analysis. The
microcomputer-based vibration diagnostic system for turbine is served for
a machine health conditor {3). Alse, many functions for industrial
compressor - turbine of en on-line expert system was achieved by El-Mitwally
[4]. As far as from the available publcations which discuss the
aerothermodynamic problem and its excitation on vibration phenomenon at
indusirial turbine are very limited [5] & (6]

Now, the big problem is how to optimiz the steam flow rate from
high pressure steam turbine to medium pressure Steam turbine and extraction
to acheive the required conditions of chemical industry with smooth operation
and minimum vibration. Besides the static forces acting on the rotor and
blades, there are another periodical forces resulting from disturbed steam
distribution which can possibly cause rise of vibration to undesirable limit.
Since, it may result an over stressing. Therefore, it has to analyze,
individually, every case according to the load characteristic of the turbine
and the supplied steam.

So, it is evident that the aim of this paper is to determine the
optimum distribution of the steam flow rate between the high and raedium
pressure stages on one turbine rotor with speed and vibration level. Also,
to specify the nature of the problem for distusbed steam distribution.

The test loop construction :

Many chemical processes need giant amounts of extraction steam. The
UREA fertilizer plant is a good example for that. The axial selected steam
turbine is about 21 MW of three stages. In this type of plant the turbine
operates between two pressure Systems and is subjected to an intermediate
stage to steam extraction. The high and medium pressure stages are fitted
on one rotor and contained in the same casing (EMG). This adal steam
turbines are coupled directly with four stages centrifugal compréessor and
recycte. Fig. {1) shows the layout of the axial steam turbine. As can be
seen the main condenser services the third stage (WK). The folowing table
gives the turbine specifications :
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-
T Axial three stages (High, medium & low)
ype
EMG wK
Power 21 MW Rated speed 12500 rpm
Con:d. Stages High Medium Low
Pressure (bar) 101 43 I 30/0.03
Termperature 520 ] 410 38070 |
No. of impeller 2 l 3 2x6 |

It is known that thz aim of the hydraulic control system of the sream
turbine is primarily to match the quantity of steam delivered in accordance
with the vanable operation corditions of the machine. This system consists
of governor valve, cmergency trip, cylinder, governmor, starting equipment
and safety equipment. (7]

Some effective parameters such as rotor speed, steam discharge,steam
pressure and steam temperature are measored as demonstrated in Fig. {2).
Signals from the fitted non-contact probes on the rotor and vibration meter
(sensing wunit) are coonected to a 12 bit analog to digital converter
(conditioning unit) which is interfaced with a 80386 microcomputer system
{processing unit). This systerm (UCDAS 16-G} can trigger wvibration signais
at a speed up o 75008 sample/second using direct mermory access (DMA),[8].
_ This system can be wused by intermal trigger routine or external trigger.
External trigger can be done by the operator throughout the interface
board. The internal trigger is very useful in case of transient event in
order to synchromize intervals durng an abrupt increase of sigmals. Other
parameters; e.g. temperature and pressure (mv & mA) are measured through
the data acquisition Helious and recorder.

Statistical analysis for evaluation :

The relationship between both vibration level and rotor speed at the
normal operation of wrbine and sieam discharge to high pressure turbine
and medium pressure turbine is going to find out. The mrbine vibration
is measured in the range of totor speed (1000-12500 rpm), and steam
discharge as well.

Multiple npon-linear regression bave been used to fit an equation usig
the measured data of parameters, in the form of :

i=k i=k j=k

Y = b, by X + Z by Xy Xy (1)
=1 i=1 j=1

Where X| © variable
K ; number of wvariables.

bo, by, by : regression coefficient associaied with the variables.
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The least square method was applied to find the variables coefficient[9].
It has to be sure that the predicted equation and the individual coefficients
are significant (significant level = 0.05). This provided F-test for each
coefficient. The backwise regression, in this form, is applied to remove
the insignificant coefficients.

Results and Discussion :

A typical long period of wrbine looking are represested in Fig. (3).
It shows the steam discharge at high pressure stage and medium pressure
stage, rotor speed and vibration level as a function of time. Vibration are
presented in both sides of the high and medium pressure turbines. It is
clear that vibration level on the rotor pear the entrance of high sieam
turbine has the higher value. thus, it will be as maximum turbine vibration.

Fig.(4) represents the murbine speed as a funcdon of steam discharge
for high pressure and medium pressure stages. However, the same data
is analyzed statistically (muitiple non-linear regression). Tt is found that
steamn turbine speed and vibration level are function of steam discharge
at high pressure and medium pressure stages. These significant relation has
the following form :

N = $.842379*10*mg + 7.143585°102*m,
4.135038=10"*my> -1.220354=10"*my” (2)

This relation has correjation coefficient =0.9999 and F-test =3626,
which means that the relationship is highly significant level. This is a
second order equation of (mp,mp) which make it easy to  present its
values is the 3-dimension response surface. Fig. (5) illustrates this responce
surface.

Vi = -05505628* mgy+ 03742 " my +
+8351524 =*10* *mg® -1.080514%10% my> (3)
where
v ; vibration on axial steamn turbine (mils)
my : steam mass flow rate at high pressure stage
Mgy : steam mass flow rate at medium pressure stage.
This relation has a correlation coefficient =0.9721 and F-test = 227,

which means that the relationship is highly significant level. The above
telation is represemted as a responce surface in fig.(6)
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Turbine speed and vibration level are computed from equations (2) &
(3) respectively,and plotted in the contour line form as showin in Fig
(7). This figure shcws the steam mass flow rate of high pressure stage
and medium pressure stage on the resultaat vibration level with the rotor
speed. Also, maximum exiraction performance are plotted. It is ¢lear from
the contour lines thar the vibration level decreases as the high pressure
steam discharge increases. While, rurbine speed increases with the increase
of medium pressure steam discharge.

Fig. (8) shows the vibration level fluctuation associated with the oscillation
of steam discharge at the high and medium pressure turbines,and the
fluctuation of speed. The vibration level reachs a higher value more than
safe limir. It is fluctuated with constant period. This unstable vibration
¢vents rtequired a very high speed acquisition rate when it reaches the
upper value, Fig. (9) show the wave form of wvibradon which crested at
peak point of position (1.7) with a sample rate of 3125 KHz. Fig. (10)
shows the frequency respouse analysis of a vibration signal compared with
normal condition. It is clear that the difference appears at frequance equal
to rotor rotating speed.

Conclusion :

It is obvious that, the steam flow distribution from high pressure steam
furbing to extraction and medium pressure turbine was investigated in a
large scale axial mrbine. The vibraton signature associated with steam
« distribution  has  been characterized from in accordance with turbine
charactresiicts and th2 operadon conditions.

' Based on the vibradon signature aod the analysts of the trbine
performance, the pature of vibratien generation has been explained. The
generated vibration in the steam turbine by the interaction of the steam
flow distribution berween high pressure turbing and medium pressure turbine
and the corresponding turbine speed have a second order relation-ship.
This relation are demonsirated with the madmum extraction operation of
the system as showm in figure (7).

It is remarked rthat, when the turbine is operated at disturbed steam
discharge the performance curves are oscillated. These oscillation causes a
drop in performance and become a source of oscillating rotor vibration.
The fundamental vibration frequency due to disturbed stearn flow, at the
peak value, is located at ome turbine rotor speed in the radiated vibration
spectra.
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