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Abstract: Based on tests and theoretical calculation, an
optimum steam admission mode is proposed, which can
effectively solve the steam-excited vibration. An operation
mode jointly considering the valve point and operation load is
proposed based on the analysis and study of a large number of
unit operation optimization methods. According to the steam-
excited vibration that occurs during the optimization process
when the nozzle governing steam turbine switches from a
single valve to multi-valves, a steam admission optimization
program is proposed. This comprehensive program considering
the steam-excited vibration is applied to a 600 MW steam
turbine unit to obtain the optimum sliding pressure curve and
the optimum operation mode, and the steam-excited vibration
is solved successfully.
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n China, the structure of the electricity market has
I changed significantly. Many 600 MW units are run-
ning into operation. These units often operate under part-
load conditions, which will lead to lower economy and
more security risks. How to ensure the economy and safe-
ty is the focus of manufacturers and operators.

Nozzle governing is the most popular admission mode
of the unit. However, risk problems are exposed more
than before. For example, the action of the valve always
changes the state of steam flow, which will cause steam-
excited vibration.

At present, many studies have been done on this issue.
Ref. [1] showed the influence of the admission mode on
the units’ rotor systems and gave the admission optimiza-
tion methods. Ref. [2] calculated the destabilizing force
acting on the rotor blades of the control stage. Refs. [3 —
4] also showed the influence of the admission on the sta-
bility of the rotor. An optimum mode of the steam distri-
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bution system was proposed. In Refs. [5 —8], the numer-
ical calculation method was employed to analyze the am-
plitude response of steam-excited vibration. The results
show the correctness of the catastrophe analysis method
based on the catastrophe theory.

1 Steam Admission Optimization
1.1 Theoretical analysis

Steam force F, appears when steam flow acts on the
blades. F, usually can be divided into axial force F, and
tangential force F, as shown in Fig. 1. The two forces
affect the bearing load, which indicates that the partial
admission has an impact on the stability of the high pres-
sure (HP) rotor, as shown in Fig. 2.
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Fig.1 Flow diagram of steam in regulation rotor cascade
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Fig.2 Rotor and shaft bearing system. (a) Governing stage; (b)
Left view of governing stage

1.1.1
F, can be divided into horizontal force F, and vertical

Tangential force F,
force F, as

F. = f Fsinada, F
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where « is the starting angle and «, is the finishing angle
of the nozzle arc.

It is indicated from Eq. (1) that, the integration is zero
during full admission and the integration is not zero dur-
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ing partial admission. It means that different admission
modes have different impacts on rotor vibration and bear-
ing loads.
1.1.2 Axial force F,

As shown in Fig. 1, F, can be calculated as

F, =G(w,sinB, —w,sinB,) +A_(p, - p,) (2)

where G is the steam flow that passes through the blade
cascade per unit time; A (p, —p,) is the force generated
by pressure difference; w,, w, are the relative velocities.

It can be seen from Eq. (2) that F, is proportional to
G. Set k = (w,sinB, —w,sinB3,), R=A,(p, —p,), and
Eq. (2) is simplified as

F,=kG+R (3)

Set G,, G,, G, and G, as the steam quantities corre-
sponding to nozzle groups 1, 2, 3 and 4, respectively.
F,, F,, F, and F, are the axial forces that affect the
control stage of the rotor, respectively.

Taking bearing 1 in Fig. 2 as an example, it can be
known that bearing 1 is not only affected by the rotor, but
also by the lateral force AF of the control stage.

Set bearing 2 as a fulcrum and bearing 1 as a free
point. According to the torque balance, the following
equations can be obtained:

AF =[(F, +F,) - (F, +F,)]Dcos45°/(2L) =
k(G, + G, - G, — G,) Dcos45°/(2L) (4)

AF, =[(F, +F,) - (F, +F,)]Dsin45°/(2L) =
k(G, + G, - G, — G,) Dsind5°/(2L) (5)

It can be seen that bearing 1 is affected by AF_, to-
gether with AF; AF, and AF, can be reduced by the op-
timum steam admission mode.

1.2 Solution

A 600 MW steam turbine after flow reconstruction is
taken as an example. The designed valve open order is 3

+4—1—2. The valve arrangement is shown in Fig. 3.
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CV—Control valve; TV—Throttle valve

Fig.3 Valve arrangement
According to the theoretical analysis above, the opti-

mum admission mode is 3 + 2—4—1. The bearing load F
can be calculated by

F = Z F cosd, (6)

where F_ is the radial force of bearing pad a; @, is the
position angle of bearing pad a. The comparison of origi-
nal design and optimum design are shown in Figs.4 and 5.

Monitor results are shown in Tab. 1. Bearing vibration
and bearing pad temperature reach the safe value after op-
timization, and the steam-excited vibration caused by the
imbalanced steam force is solved. The optimum design
can effectively avoid the steam-excited vibration.
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Fig.4 Original design scheme 3 + 4—1—2. (a) Relationship
between bearing load and amount of admission; (b) Relationship be-
tween bearing load direction and amount of admission
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Fig.5 Optimization scheme 3 +2—4—1. (a) Relationship be-
tween bearing load and amount of admission; (b) Relationship between
bearing load direction and amount of admission

2 Operation Optimization

A new operation curve is obtained after sliding pressure
operation tests based on steam admission optimization.
On the basis of the concept of valve position, the hybrid
sliding operation is proposed. It means that we can keep
two or three valves fully open and one partly. The rela-
tionship between the heat rate and the load is shown in
Fig. 6. The economic operation is shown in Tab. 2.
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Tab.1 Bearing vibration and bearing pad temperature after optimization

Power load/ Valve opening/ %

Bearing vibration/ pm
(x direction/y direction)

Bearing pad temperature/C
(Bearing 1/bearing 2)

MW
CVl Cv2 CVv3 Cv4 1 2 3 4 1 2 3 4

300 1 97 97 17 39/36 74/57 73/61 81/61 75/18 82/74 52/58 81/76
360 1 91 90 18 42/36 81/58 73/59 82/61 75/78 82/74 52/58 81/76
420 0 99 100 23 46/38 82/57 77/58 84/62 74/74 71/70 52/58 81/77
480 1 99 99 23 43/40 71/57 76/61 84/61 74/176 78/171 52/58 82/71
540 1 99 99 33 50/42 81/61 80/52 82/61 75/66 72/66 53/57 84/78
630 19 99 99 97 61/50 80/65 81/55 81/61 73/61 71/62 53/57 84/77
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Tab.2 Optimum operation and the valve opening situation of
different loads

Power load/  Pressure/ . -

MW MPa Operation mode Valve situation
580 to 540 16.70 Constant pressure 3 fully open 1 throttle
540 to 480 14.97 to 16.70 Hybrid sliding 3 fully open 1 throttle
480 to 450 14.85 to 14.97 3 valve point 3 fully open
450 to 370 13.44 to 14.85 Hybrid sliding 2 fully open 1 throttle
370 to 300 11.17 to 13.44 2 valve point 2 fully open

3 Conclusion

To solve the steam-excited vibration, the optimum ad-
mission mode is proposed. The hybrid sliding condition is
added and the optimum sliding pressure curve is ob-
tained, which provides a theoretical guide to the operation
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