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(57) A gas turbine starting control system 1s provided, wherem starting power 1s mcreased while an ilet gas
temperature of the turbine 1s prevented from rising during starting of the gas turbine, so that a starting motor can be
reduced 1n size and the system cost can also be reduced. Accordingly, a gas turbine starting control system for a gas
turbine 1n which starting power 1s supplied to a rotational shaft of a compressor and a turbine by using a starting motor
1in order to start the compressor and the turbine, comprises: a steam pipe for supplying steam to a combustor 1n the gas
turbine; a temperature detector for detecting an inlet gas temperature of the turbine; a steam control valve provided at
the steam pipe for opening and closing the steam pipe; and a valve controlling unit for controlling the opening degree
of the steam control valve 1n response to detection signals of the inlet gas temperature from the temperature detector.
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ABSTRACT OF THE DISCLOSURE

A gas turbine starting control system is provided,
wherein starting power is increased while an inlet gas
temperature of the turbine is prevented from rising during
starting of the gas turbine, so that a starting motor can be
reduced 1n size and the system cost can also be reduced.
Accordingly, a gas turbine starting control system for a gas
turbine 1n which starting power is supplied to a rotational shaft
of a compressor and a turbine by using a starting motor in
order to start the compressor and the turbine, comprises: a
steam pipe for supplying steam to a combustor in the oas
turbine; a temperature detector for detecting an inlet gas
temperature of the turbine; a steam control valve provided at
the steam pipe for opening and closing the steam pipe; and a
valve controlling unit for controlling the opening degree of the
steam control valve in response to detection signals of the inlet

gas temperature from the temperature detector.
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GAS TURBINE STARTING CONTROL SYSTEM

BACKGRCO D) Q) whi NT1C
1. Field of the Invention

The present i1nvention relates to a gas turbine, and 1in
particular, to a gas turbine starting control system capable of
increasing starting power while suppressing an rise 1n i1nlet gas
temperature of the turbine during starting of the gas turbine.

2. Description of the Related Art

Fig. 3 1s a block diagram schematically showing a general
gas turbine. In Fig. 3, reference numeral 1 1ndicates a
compressor for compressing 1ntake gas (air) 2, reference
numeral 5 1ndicates a turbine coaxially provided with the
compressor 1, and reference numeral 4 indicates a combustor.
High-pressure air compressed by the compressor 1 1s first
delivered through a compressed-air path 13 to the combustor 4
where fuel 1s injected 1nto the high-pressure.air for combustion.
As a result, combustion gas is"generated. This combustion gas
1s then delivered to the turbine 5 through a combustion gas
path 12 to perform expansion work by acting on moving blades
of the turbine.

The gas turbine with the above mentioned arrangement
generally exhausts some of the intake gas 2 (air) sucked into
the compressor 1 to the outside through an extraction pipe 3
during starting of the gas turbine to prevent a rotating stall of
the compressor 1. Accordingly, since the gas supplied to the
turbine 5 through the combustor 4 has a smaller flow rate
during starting of the gas turbine, there is a need for auxiliary
power to start rotation of the rotational shaft of the compressor

1 and turbine 5. Consequently, a starting motor 6 is connected
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to the rotational shaft of the compressor 1 and turbine 5, and
the power of the starting motor 6 1s supplied thereto as an
auxiliary power for starting the gas turbine.

Fig. 2 1llustrates changes in an inlet gas temperature of
the turbine with respect to the number of revolutions during
starting of the above mentioned gas turbine provided with a
starting motor. In the conventional gas turbine, as 1ndicated
by line B 1n Fig. 2, the inlet gas temperature of the turbine
reaches 1t’s maximum point at about 50% of rated speed and
may exceed a predetermined allowable value. Moreover, line A
in Fig. 2 indicates changes i1in the inlet gas temperature of the
turbine with respect to the number of revolutions .during
starting of a gas turbine 1n accordance with the present
invention, to be described later.

Nevertheless, in conventional gas turbines sufficient
cooling air is generally not supplied to the moving blades and
the like during starting of the gas turbine. Accordingly, the
inlet gas temperature of the turbine must be kept at the above-
mentioned allowable value (see Fig. 2) or lower. Consequently,
in the conventional gas turbines described above, the starting
motor 6 must have a large capacity in order to prevent an
excess turbine load at the above-described 50% of rated speed.
Accordingly, there are problems in that the space required to
install such a large, high capacity starting motor is increased

and which 1increases the cost of the system as well.

VIMARY OF THE IN NTION

The present invention has been made to provide a gas
turbine starting control system, wherein the starting power is

enhanced while the inlet gas temperature of the turbine is

_2.
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restrained from rising during starting of the gas turbine, so
that the starting motor can be reduced 1n size and the system
costs can be reduced.

The present invention is intended to solve the foregoing
problems and the gist of the present invention is to provide a
gas turbine starting control system for a gas turbine in which
starting power 1s supplied to a rotational shaft of a compressor
and turbine by using a starting motor in order to start the
compressor and the turbine 1s characterized by comprising: a
steam pipe for supplying steam to a combustor in the gas
turbine; a temperature detector for detecting an inlet gas
temperature of the turbine; a steam control valve provided at
the steam pipe for opening and closing the steam pipe; and a
valve controlling unit for controlling the opening degree of the
steam control valve in response to detection signals of the inlet
gas temperature from the temperature detector.

In according with the above-mentioned structure, the
valve controlling unit outputé a release signal to the steam
control valve when the inlet gas temperature detected by the
temperature detector is above a predetermined allowable value.
The steam control valve then opens the steam pipe leading to
the combustor in response to the release signals. Thus, steam
having a predetermined pressure is delivered to the combustor
and then supplied to the turbine together with the gas
delivered from the combustor.

With such an arrangement, the turbine can obtain an
output 1ncrease corresponding to the energy of the steam
delivered to the combustor during starting while the inlet gas
temperature of the turbine can be kept at a predetermined

allowable value or lower. Therefore, according to the present
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invention, the inlet gas temperature of the turbine can be
maintained at a predetermined allowable value or lower, and
the gas turbine can be safely started up with a large starting

power supplemented by the energy of the steam.

SRIEI DESCRIPTION C 10 DRAW

In the accompanying drawings,

Fig. 1 1s a block diagram schematically showing a gas
turbine starting control system 1n accordance with an
embodiment of the present invention:

Fig. 2 1s a graph showing an inlet gas temperature of the
turbine during starting of the gas turbine; and

Fig. 3 1s a view showing a conventional example

corresponding to Fig. 1.

JH A AP TITON O 4L gD VIDODINV

Hereinafter, a description will be made of a preferred
embodiment of the present ini)ention with reference to Figs. 1
and 2. Fig. 1 1s a block diagram showing a gas turbine
starting control system 1n accordance with the present
invention, and Fig. 2 is a graph showing turbine inlet gas
temperature.

Referring now to Fig. 1, reference numeral 1 indicates a
compressor for compressing 1intake gas (air) 2, reference
numeral 5 indicates a turbine coaxially provided with the
compressor 1, and reference numeral 4 indicates a combustor.
High-pressure air compressed by the compressor 1 1is first
delivered through a compressed-air path 13 to the combustor 4,
where fuel 1s 1njected 1nto the high-pressure air for combustion.

As a result, a combustion gas is generated. This combustion
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gas 1S then delivered to the turbine 5 through a combustion gas
path 12 to perform expansion work by acting on the moving
blades of the turbine.

Reference numeral 3 denotes an extraction pipe for
extracting some of the intake gas 2 outside of the compressor 1
so as to prevent rotating stall in the compressor 1 during
starting of the gas turbine. Reference numeral 6 denotes a
starting motor directly connected to the rotational shaft of the
compressor 1 for supplying rotational power to the compressor 1
and to the turbine 5 during starting. The foregoing
arrangement 1s made in the same manner as in the conventional
one shown i1n Fig. 3.

Next, an arrangement of the starting control system
according to the present invention will be described in detail.
Reference numeral 100 indicates a starting control system in
accordance with the present invention, and is comprised of a
steam control valve 7 and a valve controlling unit 9. Steam
having a predetermined pressiire 1s 1ntroduced 1nto the steam
control valve 7 from a steam source (not shown) through a
steam pipe 8b. On the other hand, an outlet of the steam
control valve 7 is connected to the combustor 4 via a steam pipe
8a.

Reference numeral 11 indicates a temperature sensor for
detecting the inlet gas temperature of the gas turbine 5.
Detection signals of the inlet gas temperature detected by the
temperature sensor 11 are input to the valve controlling unit 9.
Output signals of the wvalve controlling unit 9, i.e., valve
controlling signals, are then transmitted to the steam control
valve 7. The steam control valve 7 has an arrangement such

that the valve opening degree thereof can be controlled by the

-
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valve controlling signals 1n the valve controlling unit 9.

A gas turbine provided with the starting control system
having the above mentioned arrangement will now be described
1in terms of the operations thereof during starting of the gas
turbine. When the starting motor 6 1s driven, and the
compressor 1 and the turbine 5 are subjected to rotation during
starting of the gas turbine, the output of the gas turbine 1is
increased and the turbine 1inlet gas temperature 1is also
increased. The temperature sensor 11 detects this inlet gas
temperature to allow the detection signals to be input to the
valve controlling unit 9. The allowable value of the inlet gas
temperature of the turbine is preset in the valve controlling
unit 9. Therefore, when the inlet gas temperature detected by
the temperature sensor 11 reaches the predetermined allowable
value or above, the valve controlling unit 9 outputs a valve
release signal to the steam control valve 7.

Upon receiving the valve release signals, the steam
control valve 7 1s released, énd the steam pipes 8a, 8b are
communicated with each other. This allows the steam having
the predetermined pressure to be delivered to the combustor 4.
The thus delivered steam is supplied to the turbine 5 together
with the combustion gas delivered from the combustor 4 to act
on the turbine. The turbine 5 can therefore obtain an output
increase corresponding to the energy of the steam delivered
thereto during starting of the gas turbine. Further, this steam
does not cause the inlet gas temperature of the turbine to
increase, and hence the 1nlet gas temperature of the turbine is
still maintained at the above mentioned allowable inlet gas

temperature or lower.

~As 1llustrated in Fig. 2, a gas turbine is generally
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designed so that the inlet gas temperature of the turbine during
starting reaches the maximum point at about 50% of the rated
speed thereof. Accordingly, the gas turbine provided with the
starting control system according to the present invention 1is
designed such that at about 50% of the rated speed, the valve
controlling unit 9 opens the steam control valve 7 1in response
to the detection signal of the inlet gas temperature of the
turbine to supply the steam. As a result, as indicated by line
A of Fig. 2, the inlet gas temperature of the turbine 1is
maintained at the allowable value or lower, which is lower than
that of the conventional turbine as indicated by line B.

According to the present i1nvention having the above
mentioned arrangement, the opening degree of the steam
control valve provided at the steam pipe 1s controlled during
starting of the gas turbine. Consequently, the starting energy
can be 1ncreased corresponding to the energy of the steam
supplied to the combustor through the steam pipe while
maintaining the inlet gas témperature of the turbine at a
predetermined allowable value.

Accordingly, the inlet gas temperature of the turbine can
be maintained at a predetermined allowable value or lower.
This enables the gas turbine to be safely started up with a
larger starting energy to which the corresponding energy of the
steam 1s added. Consequently, the starting motor can be
reduced i1n size, thereby realizing the size reduction of the
plant itself as well as a reduction of the system cost.

The preferred embodiment of the present invention and
alternative embodiments have been described in detail with
reference to the drawings. It should be noted that the present

invention 1s not 1ntended to be limited to these embodiments,
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but a variety of additional applications and modifications 1n the
gas turbine starting control system may be readily
contemplated and realized by persons having skill in the art,

without departing from the spirit and scope of the appended

claim.
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WHAT IS CLAIMED IS:

1. A gas turbine starting control system for a gas turbine in
which starting power 1s supplied to a rotational shaft of a
compressor and a turbine by using a starting motor in order to
start the compressor and the turbine, comprising:

a steam pipe for supplying steam to a combustor 1n the
gas turbine;

a temperature detector for detecting an 1inlet gas
temperature of the turbine;

a steam control valve provided at the steam pipe {for
opening and closing the steam pipes; and

a \}alve controlling wunit for controlling the opening
degree of the steam control valve in response to detection

signals of the 1inlet gas temperature from the temperature

detector.

2. A gas turbine comprisiné:

a compressor for compressing air;

a combustor for generating a combustion gas by 1njecting
fuel 1nto the compressed air from the compressor for
combustion;

a turbine which receives the combustion gas from the
combustor to perform expansion work on moving blades inside
the turbine;

a starting motor connected to a rotational shaft of the
compressor and the turbine {for supplying auxiliary power
during starting; and

a starting control system for supplying steam having a

predetermined pressure to the combustor in response to an inlet

.9
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gas temperature of the turbine.

3. A gas turbine as set forth i1n claim 2, wherein the
starting control system comprises a steam control valve for
opening and closing a steam pipe that supplies steam to the
combustor, and a valve controlling unit for controlling the valve
opening degree of the steam control valve i1n response to the

inlet gas temperature of the turbine.
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ALLOWABLE
VALUE

TURBINE INLET
TEMPERATURE
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