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[57 ] ABSTRACT 
An electronic system is provided for operating a nu-
clear electric power plant with electronic steam re-
heating control applied to the nuclear turbine system 
in response to low pressure turbine temperatures, and 
the control is adapted to operate in a plurality of dif-
ferent automatic control modes to control reheating 
steam flow and other steam conditions, each of such 
modes of control permitting turbine temperature vari-
ations within predetermined constraints and according 
to predetermined functions of time. 

14 Claims, 6 Drawing Figures 
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ELECTRIC POWER PLANT SYSTEM AND since large temperature differences can cause excessive 
METHOD FOR OPERATING A STEAM TURBINE low pressure turbine section stresses. 

ESPECIALLY OF THE NUCLEAR TYPE WITH Although varying systems specifications are possible, 
ELECTRONIC REHEAT CONTROL OF A CYCLE a typical control specification for starting a nuclear tur-

STEAM REHEATER 5 bine system provides that no reheat steam is to be 
This is a division, of application Ser. No. 221,185 passed through the reheater until the plant has been 

filed Jan. 27, 1972 now Pat. No. 3,182,113. brought up to 35 percent of full load as measured in 
terms of pressure or electric power delivered (mega-

CROSS REFERENCE TO RELATED watts). Such a control specification is designed to de-
APPLICATIONS io crease the temperature differential between the reheat 

W.E. Case 41,399 entitled " Electric Power Plant Sys- steam temperature and the low pressure section inlet to 
tern and Method for Operating a Steam Turbine Espe- about 100° before beginning the opening of the re-
cially of the Nuclear Type Preferably with Electronic heater control valve which determines the flow of re-
Reheat Control and an Electronic Reheater" by M. C. heat steam. Under these conditions experience has 
Luongo et al. 1 5 shown that a suitable rate of reheater valve opening 

provides for a gradual increase in opening from 0 to 
BACKGROUND OF THE INVENTION 100 percent over a period of one hour. 

This invention lies in the field of electric power plants Once ^ system has been brought to a full reheat 
and, more particularly, automatic control systems for s t e a m m o d e of operation it may be maintained there as 
continuously and automatically controlling the steam 2 0 long as the actual load remains above 10 percent of full 
reheating operation in a nuclear turbine system. l o a d - 1 1 1 1 8 operating condition has been found to be 

A characteristic of nuclear steam generators utilized Permissible because the temperature differential under 
in the production of electric power is that the steam s u c h conditions between the reheat steam and the low 
produced therefrom is of a generally lower temperature Pressure section inlet temperature is not sufficiently 
than that of steam generators powered by non-nuclear 2 5 great to cause excessive turbine stresses. If the load 
or fossil fuel sources, such that the generated steam is s h o u l d d r o P t o b e l o w 1 0 P e r c e n t o f ^ I o a d o r , e s s i l 

substantially at a saturation temperature containing not becomes necessary to reduce the steam temperature at 
much more energy than that required to evaporate wa- t h e . l o w P r e ? s u r e s e c t ; ° u

n l n l e t> Particularly to protect 
ter. Consequently, as soon as a relatively small amount 3 0 agains^overheatmg of the last row of rotating blades of 
of energy is taken out of the steam by the developments ® O W P r e s s " r e section. 

,, . , : , . , . , ^ , . During low load conditions (10 percent or less of full of turbine drive m a high pressure turbme section, . ,N , „ , 
c • u- u , j • , load), there is a very low flow of cycle or motive steam, moisture forms in it which would otherwise make the __ , ^ . . . i . , , . t., c c , . • . . . r~ The last row of blades in a low-pressure turbine section steam unusable for further driving of the turbine. For , . i l . ^ . ; ^ . ,, . . . . . . ^ , . do not work, that is, there is substantially no expansion example, m nuclear turbine operation the steam being ^ . ^ ' ' , 3 v 

. , , . , , . . . ^ of steam through these blades and they act more or less exhausted from the high pressure turbine section enters ° , . • - . • , , . , , .. - . , . as compressors or pumps and simply windmill around the saturated (wet) condition at approximately 35 per- . . , . • , , , . . , , , , , . . . . m a steam atmosphere. As a consequence, these blades cent of rated turbme load, due to the energy which is ^ t Q h e a t c o n s i d e r a b l c a u s i n g a n o t h e r c o n d i . 
being taken out of the steam. Yet, the same steam is t i o n w h e r e t h e s e b l a d e s b e o v e r heated . Ajccord-
needed for use m developing turbine dnve m one or 40 i n g l y a t y p i c a , s p e c i f i c a t i o n f o r a n u c l e a r s t e a m t u r b i n e 

more lower pressure sections of the turbine system. s y s t c m i n c l u d e s the provision that the inlet steam tem-
Further, it is extremely important to prevent excessive p e r a t u r e a t t h e i o w pressure section must be brought 
temperature of the lower pressure steam as well as con- d o w n b e l o w a , o w , o a d , i m i t ( g u c h ^ 4 Q { ) , F ) w i t h i n , 5 

ditions of rapidly heating cold turbine parts as m the minutes of the first occurrence of a load drop below the 
case of a cold start, overheating and overstressmg of 45 1 Q p e r c e n t 0 f full-load level 
low pressure turbine exhaust parts as in the case of low T h e ^ c a l l e d low load situation (load has dropped 
load operation, and rapid cooling of the lower pressure b e l o w 1 0 p e r c e n t o f fon l o a d ) m a y ^ f o r e x a m p i e 

turbine section (hereinafter referred to as the low pres- d u r i n g a b i a c k o u t w h e r e a l l o f ^ outside load with re-
sure turbine section) m the case of a hot start. In one s p e c t t o t h e p l a n t h a s b e e n l o s t a n d i t i s d e s i r e d 
specific turbine system design, the maximum instanta- 50 o n l y t o ^ ^ p u r a p s within the station or other facili-
neous temperature change of the steam to the LP tur- ties of that type. 
bine inlet must be limited to 100°F due to thermal Another case where low pressure inlet steam temper-
stress and possible distortions of the low pressure (LP) a t u r e regulation becomes critical is where the turbine 
turbine stationary parts. Except for such an instanta- unit is being hot. In this case the control must prevent 
neous steam temperature change, the rate of change of 5 5 possible rapid cooling of the metal in that section dur-
this temperature must not exceed 250°F per hour in ing the startup process. This type of operation is re-
order to avoid excessive distortion or fatigue cracking ferred to as "hot start" and the control in this case must 
of the turbine parts. permit the rapid opening of the reheater steam valve to 

Generally, in nucjear power plants, the steam reheat ^ avoid excessive cooling of the turbine parts, 
function is normally performed outside the primary Summarizing then, the three basic temperature con-
steam generator as Opposed to the case of fossil plants trols which are necessary in a nuclear steam turbine 
where reheat is typically performed inside the primary system or any system where a separate heat transfer 
steam generator. Since the nuclear reheater steam tem- unit is utilized for reheating are: (1 ) reheat steam tem-
perature may be considerably different from the LP perature rate of increase control during cold start to 
section inlet steam temperature, both the difference regulate the absolute value o f t h e steam and structural 
between the two steam temperatures and the rate at temperature at the low pressure section inlet and the 
which that difference changes may require control rate at which these absolute values are permitted to 
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change; (2 ) temperature regulation of the inlet temper- bility with other forms of equipment, and particularly 
ature and low pressure turbine end temperature below because it requires excessive operating time, 
a maximum temperature unit during low load opera- More particularly, one type of prior art control has 
tion; (3 ) a hot start mode of operation where it is nec- been referred to as a time-pattern transmitter and oper-
essary to prevent excessive cooling of the low pressure 5 ates through the use of a motor-operated cam which in 
turbine. turn controls the transmission of an air signal to a re-

in addition to the above specification, certain other heater control valve. The so-called time-pattern trans-
control specifications must be met in a system of the mitter is not fully automatic and still requires a consid-
type described above. These specifications may be erable amount of the operator's time to insure that the 
summarized as follows: (1 ) provision must be made to 10 various modes which have been specified are being 
protect the system from excessive absolute reheat tem- properly executed. Although the cam control of air 
perature at the inlet of the low pressure section in the transmission is satisfactory at the turbine site it may not 
order, for example, of 540° or higher; (2 ) provision b e permitted in some plants in the control room. Thus, 
must be made to permit the resetting of the reheat the prior art system may not be conveniently interfaced 
steam flow control to permit, for example, a new cold 1 5 b y remote control with a turbine control system, 
start operation; and (3) provision must be made to per- Another limitation of the referenced prior art ap-
mit a human operator to override the automatic control P r o a c h h a s t h e I a c k o f automatic regulation con-
apparatus trol through the use of any feedback. This means that 

To enable downstream motive use of the wet stream ^ operator has been required to adjust a cam in the 
it is standard practice in designing nuclear turbine sys- 2 0 c a s e o f , o w l o a d c o n t r o 1 w h e r e * m a y b e necessary to 
terns to incorporate separate moisture separator- regulate to a temperature range in the region of 400°F. 
reheater apparatus to control the moisture content of A f u r t h e r disability of the prior art system has been that 
the steam which is cycled from the high pressure tur- t h e motor-operated cam system or time-pattern trans-
bine section to the low pressure turbine section. One mitter does not have log.cally-set modes which may be 

, . . , . , , . established remotely or otherwise by means of a pro-example of said apparatus is disclosed in copending ap- , J J r , 
plication Ser. No. 763,885 assigned to the present as- f a n " " e d c o m P u

u
t e r s ^ t e m or other automatic control-

. . . c „ , , c n ler. This means that it has not been feasible in practical 
signee, entitled Moisture Separator Reheater for Pres- ^ . „ . , _ j . ' , . „ , , , . _ , . 0 . _„ sense to automatically switch from one mode to an-surized Vapor and filed by T. J. Rabis on Sept. 30, ,, , , J . . „ . . j ^ g other through the use of the pnor art. Thus, there has 

. ", , , , . 3 0 been a need in the electric power industry for a nuclear A reheater control valve is normally used to regulate , . , , . . , . , . , , „ r turbine operated by a control system which is capable 
the amount and rate ot steam temperature increase or „ , . , j ' . ^ j - j , , . of being miniaturized and mounted at any desired re-the turbine cycle steam passing through the reheater. . ° . , . , . t . . . . , . . . . . _ , . J , . i mote location, which is reliable and inexpensive, which The regulation of such cycle steam may be accom- . „ . __ ... . . . , , , , , . , , can be efficiently tied into computer operation, which plished by opening and closing the reheater control 35 i d e s performance improvement in the steam re-
valve, thus controlling the amount of heating steam h e a t ^ ^ a n d w h i c h r e q u i r e s a m i n i m u m amount 
passing through the reheater tubes, and accordingly the 0 p e r a t 0 r t j m e 

amount of heat which is transferred to the turbine cycle T h e f e fa p r o v i d e d a m e t h o d a n d a p p a r a t u s f o r o p e r a t . 
steam, temperature is increased, and vice versa. i n g a n electric power plant and nuclear type turbines 

A commercially supplied pnor art turbine control 40 t h e r e i n w i t h c o n t r o i l e d s t e a m reheating preferably ac-
scheme is shown and described more specifically in a cording to a selected one of a plurality of modes of con-
printed paper entitled "Electrohydrauhc Control for t r o l o p e r a t i o n . The apparatus preferably controls re-
Improved Availability and Operation of Large Steam h e a t s t e a m c o n d i t i o n s to provide variously for con-
Turbines" presented by M. Birnbaum and E. G. Noyes t r o l l e d H n e a r i n c r e a s e of low pressure turbine tempera-
te the ASME-IEEE National Power Conference at Al- 45 ^ from a first L p t u r b i n e temperature to a second LP 
bany, New York during Sept. 19-23, 1965. In that turbine temperature upon cold turbine start; controlled 
scheme, feedback control is employed to regulate tur- operation at a predetermined LP turbine temperature 
bine speed and load in large electric utility steam tur- a t j o w p J a n t i o a d ; f ^ rise time increase of LP turbine 
bines. Some digital circuitry is included especially a temperature to a predetermined LP turbine tempera-
solid state digital reference system which eliminated 5 0 ture; and manual takeover by an operator. A mode 
earlier speed/load changer motor systems for establish- control switching circuit functions with a computer or 
ing the turbine speed and load setpoint changes on a o t h e r means to enable operator selection of the desired 
permissive ramp scheduled basis. An article entitled mode of control. The system is automatically reset to 
"Automatic Electronic Control of Steam Turbines Ac- a minimum LP turbine operating temperature when it 
cording to a Fixed Programme" in the March 1964 5 3 is first turned on, and is automatically placed in a tem-
issue of the Brown Boveri Review relates to similar sub- perature limiting mode of control, to the exclusion of 
ject matter. all other modes, when the sensed LP turbine operating 

Another prior art apparatus is described in Eggen- temperature exceeds a predetermined value. In the pre-
berger et al., U.S. Pat. No. 3,098,176, issued July 16, ferred embodiment, the sensed LP turbine temperature 
1963, entitled "Electric Long Range Speed Governor" is that of stationary LP turbine structure near the LP 
and in Eggenberger et al., U.S. Pat. No. 3,097,488, is- inlet. 
sued July 16, 1963 entitled "Turbine Control System." The control apparatus of this invention preferably in-

In the prior art, reheater control apparatus typically eludes control circuitry which provides a variable gain 
has consisted of a motor-operated cam adapted to send 6<- electric output coupled to an electropneumatic re-
an error signal to a pneumatically operated control heater valve transducer which in turn activates the re-
valve. However, such a system has been commercially heater valves and accordingly controls the reheating 
unattractive because of size and bulkiness, incompati- applied to the steam being cycled from the high pres-
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sure turbine section to the low pressure turbine sec- be actuated and controlled either manually from a 
tion(s). The inlet steam temperature(s) of the low pres- computer controller unit 700, or as preferred in the 
sure turbine section(s) is sensed and compared with a present instance, from a conventional electronic analog 
high temperature limit signal, with the system being au- electrohydraulic valve position control system 702. 
tomatically placed in a temperature limit control mode 5 The throttle and governor valves are operated to con-
when the low pressure inlet steam temperature or the trol the turbine speed during startup and the turbine 
hottest of such values is sensed to have a temperature load and frequency participation during synchronous 
exceeding the high temperature limit. operation. Such control can be implemented with con-

ventional control loop arrangement. One example of 
10 prior art control suitable for the control 702 is that set 

FIG. 1 shows a block diagram of an electric power forth in U.S. Pat. Nos. 3,097,488 and 3,098,176. A 
plant including a nuclear turbine system operated in ac- speed transducer 704 is coupled to a rotor shaft 32 
cordance with the principles of this invention; thereby generating a signal which is proportional to tur-

FIG. 2 shows a block diagram of an electronic con- bine sections 22 and 30. The signal from the speed 
trol system operable with the nuclear power plant and 15 transducer 704 is fed into the analog system 702 and is 
turbine system shown in FIG. 1 and in accordance with utilized thereby for determining throttle value (TV) 
the principles of this invention; and governor value (GV) position. In the course of 

FIG. 3 shows a detailed circuit diagram of the control passing through the HP turbine section 30, the steam 
system shown in FIG. 2; releases much of its energy to the turbine, and becomes 

FIG. 4 shows a graph of an ideal variation of low 20 relatively heavily laden with moisture. The steam from 
pressure inlet steam temperature with time as produced HP section 30 exits through a plurality of HP exhaust 
in response to placing the control system in the cold outlets, only one of which is shown in FIG. 1 (at 31). 
start mode; The HP turbine element 30 is coupled through a 

FIG. 5 shows a curve representing the relationship rotor shaft 32 to a plurality of low pressure (LP) tur-
between a reheater control signal and the temperature 25 bine sections 22. As indicated diagrammatically in FIG. 
of the reheated steam; and 1, there may be any number of such low pressure sec-

FIG. 6 shows a schematic diagram of a mode control tions coupled in tandem to drive the common shaft 32. 
unit employed in the control system. Each LP turbine in the system is suitably a double flow 

„ „ r\r\r^r^r^nnrr^ turbine, and is thus considered to have two sections, or DESCRIPTION OF THE PREFERRED ™ i 1 a . • T „ . . . 
puRnnnuiEMT elements. As used in this specification, LP turbine sec-

tion is defined to mean a low pressure turbine compo-
With reference now to FIG. 1, the overall system of nent receiving input steam downstream from the mois-

this invention is shown in block diagram form. A nu- ture-separator and reheater, and providing output 
clear reactor 16, a pump 17, and a nuclear steam gen- power. The output power from all of the LP turbine 
erator 18 are illustrated as located within a contain- sections, as well as that provided by the HP turbine sec-
ment shell or vessel 19. By means well understood in tion, is coupled through the shaft 32 to a conventional 
the electric power plant art, the combination 16 ,17 , 18 electric generator 12, which converts the rotational en-
provides for a transformer of nuclear energy to steam ergy of the shaft to electrical energy. A breaker system 
energy with the output of the nuclear steam generator 15 and a load 17 are connected to the generator 12. 
18 being a source of steam suitable for driving a nu- Thus, the entire system provides successive energy 
clear turbine-generator system. Since the reactor 16 in transformation from the nuclear fission energy in the 
this case is in the form of a pressurized water reactor, reactor 16, to heat the steam in the steam generator 18, 
the steam output is generated in a secondary loop by to kinetic energy at the turbines, and thence to electri-
heat transfer from the reactor coolant which flows in a cal energy at the generator 12. The basic apparatus so 
primary loop. In other applications of the invention, the far described forms a generally well known nuclear 
apparatus configurations employed to generate steam electric power plant and steam turbine installation 
may vary, as would be the case, for example, if a boiling which requires no further description on structural de-
water reactor were employed. tail for a skilled artisan understanding of the invention 

As used in this disclosure, the term "nuclear turbine" and the manner in which the invention can be embod-
refers to a turbine system driven by steam derived from ied with such apparatus. 
the energy of a nuclear reactor. It is, of course, to be A megawatt (MV) transducer 706 connected to an 
understood that any turbine system powered by rela- output of the generator 12 generates an output signal 
tively wet stream, from whatever source, would possess which is fed to the analog control 702 where the signal 
similar inherent characteristics to be classifiable as a 5 5 is utilized to determine GV and TV value positions, 
nuclear type turbine, and accordingly, although the in- The moisture laden steam exhausted from exhaust 
vention is especially adapted for and is especially useful outlet 31 of the HP turbine section must be recondi-
with nuclear turbines in nuclear electric power plants, tioned before such steam is passed to any of the low 
it can have applications in non-nuclear installations pressure turbines. The reconditioning involves passing 
where "nuclear type" turbines are employed. ^ the steam through conventional moisture separator 

The hot main stream is carried from containment unit 35, where water is removed from the steam, plac-
vessel 19 by main steam piping 21, to distribution point ing it in a dry saturated state, and then through a con-
39. From point 39, steam is carried through parallel ventional reheater unit 40, where the steam is raised in 
paths. A first of such paths carries heating steam enthalpy to a superheated level. Suitably, the system 
through the reheater valves, RV1-RVN. The other il- 6 5 contains an independent reheater path from the HP 
lustrated paths each carry steam through a throttle turbine section to each of the LP turbine sections. Only 
valve TV and governor valve GV, to a high pressure one such path is shown in detail in FIG. 1, for clarity 
(HP) turbine section 30. The TV and GV valves may of illustration. However, as indicated, each LP turbine 
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section may be fed from the HP turbine through a sepa- introduced there. Each thermocouple (temperature) 
rate moisture separator and reheater path. Accord- signal is connected through a transmission line (labeled 
ingly, the subsequent discussion of the reheater control T/C) to the control system 90, the plurality of T/C sig-
system is directed to a single reheater steam flow path nals constituting feedback inputs to the control system, 
with the understanding that similar comments apply to 5 as well as representations of the turbine temperature 
the reheater path for each LP section. variables which are ultimately controlled to restrict the 

At point 39, main turbine supply steam is diverted amount of turbine metal thermal stress and generally to 
through a reheater valve RV, which is a suitable pneu- provide improved turbine power plant operation. As 
matic-actuated valve which controllably allows passage discussed hereinbelow, the control system 90 generates 
of the main steam. The valve RV is preceded by a shut 10 control signals which are connected to the actuators 
off valve so, which can be operated to prevent passage 50, thus controlling the degree of cycle steam reheat-
of main steam through the reheater, and shunted by a ing, and thus the temperature and other intermediately 
conventional purge valve PV. Valve RV is actuated by variable conditions of the steam entering the LP sec-
a reheater valve actuator 50, which is a conventional tions. More particularly, the conditions of the cycle 
electropneumatic transducer, designed to convert an 15 flow steam, at the LP inlets are affected by 1) system 
electrical input signal into a pneumatic output signal. operating determinants including cycle steam flow con-
Actuator 50 is supplied from a regulated air pressure trol applied by the controls 25 and the valves GV and 
source (not shown) and produces an electrically con- TV at the HP inlet, the HP inlet steam throttle pressure 
trolled pneumatic output which is coupled to and and temperature and the operating load on the turbine 
causes the positioning of all reheater valves RV1-RVN, 20 system and 2) the operation of the moisture separator 
which in turn determine the amount of heating steam 35 and the reheater 40. As system operating determi-
which passes to the reheater. The actuator 50 is con- nants change with system operation to cause or tend to 
trolled electrically from a master control system 90, the cause changes in the LP inlet steam conditions and the 
details of which are described hereinbelow. LP inlet metal structure temperature, changes are 

The controlled steam flow through valve RV, com- 25 made in the reheater operation to cause the controlled 
prising relatively dry heating steam derived from the LP inlet conditions to behave in the desired manner. Of 
main steam source, is passed through reheater 40. The course, some of the system operating determinants 
reheater 40 is a conventional unit well known in the art, such as the steam throttle pressure and temperature are 
functionally adapted to transfer heat from the heating themselves independently controlled and such control 
steam passing through reheater valve RV to the cycle 3 0 accordingly affects the conditions of the cycle steam at 
steam which has been exhausted from the HP turbine. the LP inlets. For example, a drop in the temperature 
The reheater 40 may be single stage or double stage. of throttle steam can decrease the reheat capability. It 
The single stage reheater, as illustrated, typically re- is also noteworthy that the system operating determi-
ceives its heating steam from the main stream line nants, such as the steam throttle pressure and tempera-
ahead of the turbine inlet throttle valve. On typical 3 5 ture, have some effect on the heating capability of the 
units with two stage reheat, the first stage reheater uti- heating steam in the reheater for any given position of 
lizes steam from a highest pressure HP turbine extrac- the reheater valve. The T/C signals reflect what is hap-
tion point while the second stage reheat steam source pening to the steam temperature and to some indirect 
is from the main steam lines ahead of the HP turbine degree what is happening to other steam conditions at 
inlet, as at point 39 in FIG. 1. 4 0 the LP inlets, and accordingly the T/C signals ulti-

The heating steam which passes through the reheater mately reflect the net impact of all interacting variables 
gives up energy to raise the enthalpy of the turbine on the LP inlet steam conditions, 
cycle steam and the heating steam becomes relatively Also indicated diagrammatically in FIG. 1 is a mode 
wet and is passed out of the reheater as condensed wa- control unit 95. The unit 95 provides operator determi-
ter. With reference now to the cycle steam, water is nation of the particular mode of the plurality of auto-
drawn out of it by the moisture separator 35. The water matic modes of control provided by the control system 
thus drawn out of both the reheater 4 0 and the mois- 90. The mode control may be computer controlled 
ture separator 35 is piped back to a feed water heater through the computer-controller 700, or it may be 
system 37 wherein it is heated to a temperature suitable ^ manually controlled through a pushbutton control 
for reentry into the steam generator 18. panel. In the event that an operator desires to take over 

The superheated dry cycle steam which flows to the complete control of the system, as opposed to placing 
LP turbine sections from the reheater 40 at LP inlets it in any one of the various available modes, an opera-
gives up energy to meet turbine load and it ultimately tor setting unit 650 is also provided, 
emerges from the LP exhaust outlets. The exhaust 5 5 As illustrated in FIG. 1, there are six modes of con-
steam is collected from each LP turbine section and trol preferably available in a system operated in accor-
passed through a condenser 70, the output water of dance with this invention, and these modes can be set 
which is passed through the pump 38 and thence to the manually at any time by the operator. A seventh mode, 
feed water heater system 37. namely the temperature limit mode, is entered into au-

With continued reference to FIG. 1, there is shown ^ tomatically by the system, in response to detection of 
diagrammatically a series of temperature detectors an LP inlet temperature in excess of a predetermined 
80-1 through 80-N corresponding to the plurality of LP temperature limit. When placed in this mode, the oper-
turbine sections in the system. The temperature detec- ator cannot put the system into any other mode of con-
tors are suitable thermocouples, or other equivalent trol until the highest LP inlet temperature has de-
temperature sensing devices, and are suitably mounted ^ creased to a second and lower predetermined limit, 
at each LP steam inlet, preferably to sense the metal The preferred modes of control provide for improved 
temperature of stationary turbine structure at that plant, turbine and reheater operation and they are sum-
point as caused by the reheated steam which is being marized in the following table: 
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TABLE I 

10 

CS (cold start) 

T (maintain 400°F) 

H (hot start) 

R (reset) 

M (manual) 

CP (computer) 

TL (temperature limit) 

In the CS mode, the lift of the 
reheater control valves is 
controlled over a fixed period of 
time according to a programmed 
curve for cold turbine startups. 
In the preferred embodiment, the 
turbine inlets are raised linearly 
in temperature from 300°F to 500°F 
over a period of one hour. 
In the T mode, the reheater 
control valves are automatically 
positioned so as to maintain the 
temperature at the hottest LP 
turbine inlet at 400°F after load 
reductions to 10%, or below, of 
rated output power, which 
reductions are to be held for 
periods exceeding 15 minutes. 
This control prevents the 
possibility of overheating the 
last two rotating rows of blades 
of the LP turbine section. 
In the H mode, the reheater control 
valves are opened quickly to a 
point equivalent to an LP inlet 
temperature of 400°F, for hot 
turbine startups. 
In the reset mode, the reheater 
steam control valves are closed, 
ensuring a cold temperature at the 
LP inlets. The system is placed 
in reset after the turbine has 
been shut down for some length of 
time, and prior to a cold re-start. 
When in this mode, the reheater 
control valve positions can be 
controlled manually by an operator. 
When in the CP mode, the overall 
system is under the control of a 
computer-controller. In accordance 
with real time computer calcula-
tions, the computer actuates the 
control system into either the CS, 
T, H, or R, mode. The system may 
be placed into and taken out of 
the CP mode at any tune by the 
operator. 

l i i e control system is placed into 
the TL mode automatically in order 
to maintain an absolute high 
temperature limit to protect the 
LP turbines. When in the TL mode, 
all other modes are locked out 
except manual, manual being the 
only mode into which the operator 
can then place the system. The 
control system automatically 
returns to its prior mode of 
operation after the hottest 
turbine temperature is detected 
to have dropped by a predetermined 
amount. 

10 

15 

20 

25 

30 

35 

40 

45 

It is understood that the system operator can change 
from one mode to another mode at his discretion (un-
less the temperature limit is exceeded). For example, 
if, while in the T mode, load is increased, the system 
may be placed in the CS mode at 35 percent load. The 
reheater valves will then open and increase the temper-
ature of the LP inlet steam from 400°F to 500°F at a 
uniform rate. 

With reference now to FIG. 2, the preferred elements 
of the control system 9 0 are shown in block diagram 
form. The thermocouple inputs, designated T/C- l 
through T/C-N, are shown connected to respective 
thermocouple amplifiers, designated as TCA-1 through 
TCA-N. Each thermocouple amplifier is a stable high 
gain proportional amplifier, utilizing an operational 
amplifier within an open loop gain on the order of 10®. 
Further, each thermocouple amplifier has differential 
inputs, with a second input connected to a thermo-
couple cold junction compensation unit which provides 

50 

55 

60 

65 

a controlled voltage level adapted to represent the volt-
age output of a cold thermocouple. Thus, the output of 
each thermocouple amplifier represents the increase in 
temperature, as sensed in its respective LP turbine sec-
tion, over the cold state. In practice, the outputs of the 
thermocouple amplifiers are coupled to temperature 
indicators mounted on the main panel, to provide vi-
sual representation of the temperature at each LP inlet. 

The output of a conventional auctioneering or CTC 
circuit represents the highest LP inlet temperature and 
it is processed by the control system 90 in either the H 
or T mode. In both the H and T modes, the reheater 
control valves are to be opened eventually to a position 
which provides heating steam flow resulting in an LP 
inlet temperature of 400°F at the hottest LP inlet. 

The auctioneered temperature signal is connected to 
one of two inputs of the comparator 100. The other 
input circuit of the comparator 100 is normally con-
nected to a low temperature reference 110L, which ref-
erence provides a reference voltage equivalent to an 
LP temperature of 400°F. The comparator 100 is a 
unity gain circuit which compares the auctioneered 
temperature input with the 400°F reference input, and 
produces an output signal which is positive or negative 
depending upon whether the sensed highest tempera-
ture is higher or lower than 400°F respectively. The 
output magnitude of the comparator 100 is propor-
tional to the difference between the LP temperature 
signal and the temperature reference signal, and is thus 
a classic error signal as generated in feedback systems. 
It is to be noted, of course, that the temperature refer-
ence 110L may be adjusted to correspond to any other 
desired LP inlet temperature. 

The output of the comparator 100 is coupled through 
a switch HX to either a low load rate control element 
2S0L, or a hot start rate control element 250H. The el-
ement 2S0L is a large resistor, nominally of the order 
of 2 megohms, and is connected into the control circuit 
for operation in the T, or 400°F mode. The element 
250H is a relatively small resistor, and is switched to 
the circuit corresponding to the mode H, or the hot 
start mode. The outputs of both 250L and 250H are 
connected to one of two input terminals of a two posi-
tion switch K2X, which switchably connects the one 
input terminal to a ramp generator 350. 

A cold start rate control circuit 300 provides a refer-
ence voltage which, when connected to the ramp gen-
erator 350 and a function generator 400 through the 
other input terminal of the switch K2X, causes opera-
tion of the reheater valves so as to produce the LP inlet 
temperature change shown in FIG. 4. In the cold start 
mode, the desired characteristic is a linear rise of tem-
perature from 300°F to 500°F, taking place over a pe-
riod of one hour. The signal provided by the circuit 
300, when operated upon by the characteristics of the 
ramp generator 350, a function generator 400, and a 
power amplifier 500, causes the generation of an elec-
trical output signal which produces an optimum ap-
proximation of the ideal LP inlet temperature versus 
time response shown in FIG. 4. 

The temperature versus time generator, or ramp gen-
erator 350 is an operational amplifier connected in a 
well known manner to provide the mathematical func-
tion of an integrator. The slope of the output of genera-
tor 350, representing voltage versus time, is of course 
a function of the magnitude of the input signals, and 
thus varies depending upon the mode in which the con-
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trol system is placed. The ramp output suitably extends LP inlet temperature of typically 540°F. The auction-
from 0 volts to about —10.5 volts. A reset circuit 3 8 0 , eered LP temperature signal is also coupled into the 
operated by a reset switch RX, provides capability for comparator 200 , which comparator has a second input 
clamping the output level of the generator 3 5 0 to a pre- connected to a high temperature reference No. 2 
determined minimum level, so as to place the reheater 5 ( 2 1 0 ) , which is a voltage source corresponding to a 
valves in a substantially closed position when in the predetermined high temperature limit, typically 550°F. 
reset mode. • When the auctioneered temperature signal exceeds the 

It is noted that the positive voltage o f the reference voltage of reference No. 2, corresponding to the situa-
circuit 3 0 0 is designed to provide a linearly increasing tion where the hottest LP inlet temperature signal is in 
ramp output, so as to provide a linear rise from 300CF 10 excess o f the high temperature reference No . 2 signal, 
to 500°F over the specif ied time interval. Additionally, an output signal is derived from the comparator 2 0 0 
a negative reference voltage, not shown, and of the which drives a relay driver 2 2 0 , which in turn drives a 
same magnitude, may be switchably provided such relay KIR. The relay KIR causes switch KIX to close, 
that, when connected to the input of the generator 3 5 0 , which in turn causes the energization of temperature 
the generator output is reduced linearly, as from —10 15 limit relay TLR, which causes switching of a switch 
volts to 0 volts. This reference would be used, for ex- TLX. Thus, when the high temperature limit (reference 
ample, in the situation where the low pressure turbine No. 2 ) is exceeded, the input t o the comparator 110 is 
temperature was at 500°F and it was desired to reduce switched from a low load temperature reference 1 1 0 L 
it linearly to 300°F. It is noted that, in this situation, a to the high temperature reference No . 1. The high tem-
conventional diode c lamp circuit (not shown) is pro- 20 perature reference No. 1 is set normally at 10°F below 
vided at the output of the ramp generator 3 5 0 , to c lamp high temperature reference No . 2, such that, as soon as 
the output at 0 volts and prevent the output from going TLR is energized, the output o f the comparator 100 be-
to a positive value. comes negative, causing the ramp generator to de-

A function generator 4 0 0 comprises a diode-resistor crease in output, thereby tending to c lose the reheater 
logic network, which acts operationally as the input cir- 25 control valves. 
cuit o f the power amplifier 500 , and thereby controls It is to be noted that the above-designated tempera-
the output of the amplifier 5 0 0 as a characterizing ture references are arbitrary in level, and may be 
function of the output of the ramp generator 350 . As chosen to adapt to the particular system to which this 
is well understood in the art, the reheater valve actua- invention is applied. The temperature references used 
tor 50 , which is an electropneumatic device, would ide- 3 0 herein are for illustrative purposes only, and the tem-
ally have a linear electrical/pneumatic characteristic, perature differential between high temperature refer-
Similarly, the reheater valves themselves would ideally ence No. 1 and No . 2 may similarly be adapted to the 
pass an amount of heating steam directly proportional specific system parameters. Comparator 2 0 0 has an 
to the valve lift. However, in practice, the overall char- off-on differentia], suitably about 20°-30 cF, such that 
acteristic o f the reheater valve lift versus LP inlet tem- 3 5 an output from the comparator 2 0 0 is maintained until 
perature is non-linear, and is approximated by a the auctioneered LP inlet temperature has dropped to 
straight line segment curve shown in FIG. 5. It is this 20°-30°F below the high temperature reference N o . 2 . 
approximation of the reheater characteristic which is Until this happens, the system is maintained in the TL 
achieved in a well known manner by the function gen- mode, thus holding the hottest LP inlet at 10°F below 
erator 4 0 0 . 4 0 high temperature reference No. 2 until the operator 

The power amplifier 5 0 0 amplifies the output of the does something externally to coo l off the LP turbines, 
function generator 4 0 0 to a level sufficient to drive the With reference now to FIG. 3, the circuit specifics o f 
reheater valve actuator 50. Coupled to the input o f the the preferred control system 9 0 are explained in more 
amplifier 5 0 0 is a zero offset circuit 550 , which holds detail. The circuit temperature control CTC comprises 
the input to the amplifier at a minimum which yields an a diode-resistor combination, the diode CTC-D being 
output o f — 1 . 0 volts with a zero ramp input, to satisfy chosen for its temperature-voltage characteristics, 
live zero requirements of the reheater valves. At an which are such to substantially cancel out any signal 
output of —1.0 volts, the reheater valves are in a full variations caused by changes in the preceding circuitry, 
c losed position. It is to be remembered that in the pres- Resistors R 9 6 and R 9 7 are chosen to cooperate with 
ent embodiment the actuator 5 0 drives each of the sev- the characteristics of the diodes CTC-D, and are suit-
eral reheater valves, such that the feedback control sig- ably o n the order o f 3K each. 
nal from the power amplifier 5 0 0 controls the inlet The comparator 100 comprises an operational ampli-
steam temperature of all the LP turbine sections. T h e fier A 1 0 1 , having an input resistor R 1 0 1 and being 
maximum output of the power amplifier 5 0 0 is suitably g 5 shunted by a resistor-diode network comprising R 1 0 2 , 
clamped, by a conventional diode clamping circuit not R103 , D 1 0 1 , D 1 0 2 , D 1 0 3 , and D 1 0 4 . T h e shunting 
shown, at approximately —9.5 volts. feedback network, with each of the diodes connected 

When the system is placed in the manual mode , the at T 1 0 5 through R 1 0 3 to ground, causes the polarity of 
switch M X connects the reheater valve actuator 5 0 di- an output of an amplifier A 1 0 1 to depend upon 
rectly to the conventional operator setting circuit 6 5 0 , ^ whether the positive auctioneered temperature signal 
with which the operator may manually control the sig- from the C T C circuit, or the negative temperature ref-
nal to the actuator 50 , and thereby control the entire erence signal from the circuit 110, is greater in tnagni-
reheater system and the power plant as it is affected by tude. 
the reheater operations. The reference circuit 110 comprises a negative volt-

With further reference to FIG. 2, the reference input 6 5 age source which is connected to ground through a re-
to the comparator 100 is switchably connected t o a sistor 110L, a pot P i l l , and a variable resistor 110TL. 
high temperature reference No . 1, designated 110 TL, The variable resistor 110TL is shunted by a normally 
which supplies a voltage reference corresponding to an closed switch T L X ' , such that the reference voltage is 
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normaily derived solely from the negative source, the seconds. It is, of course, noted that the switch K2X 
resistor 110L and the pot 111 (suitably 2,000 ohms) must be closed by the mode control 95 to couple either 
providing a reference voltage corresponding to a tem- the 250H or 250L resistor to the ramp generator 350. 
perature reference of about 400°F. When the switch The cold start rate control circuit 3 0 0 comprises a 
TLX' is opened, corresponding to the detection o f a 5 positive reference voltage which is connected to 
temperature limit, the variable resistor 110TL is placed ground through a resistor R301 (suitably 2430 ohms) 
in series with the reference circuit, thereby raising the in series with a pot P302 (suitably 50 ohms). The out-
voltage sensed at the pot 111, and placing a higher tem- put from the pot P 3 0 2 is coupled through a resistor 
perature reference signal in connection with the input R 3 0 3 (suitably 10 megohms) to one terminal of the 
of an amplifier A101 . 10 switch K2X. When in the CS mode, the switch K2X is 

The comparator 200 , having its input connected positioned as shown in FIG. 3, coupling a positive volt-
through R204 (suitably 499K) to the output of the age through to the ramp generator 350. The positive 
compensating circuit CTC, comprises an operation am- voltage continuously applied to the ramp generator 3 5 0 
plifier A 2 0 1 shunted by a resistor R 2 0 2 (suitably 4 .99 causes the generation of a negative-going ramp output 
megohms) and capacitor C 2 0 3 (suitably 0 .0005 uf) . 15 from the generator 350 , from substantially 0 volts to 
Also connected to the input of A 2 0 1 is a negative volt- —10 volts. This negative-going ramp corresponds in 
age reference (550°F) obtained from a pot P211 (suit- value to that desired to raise the LP inlet temperature 
able 2 ,000 ohms), a variable terminal of a pot P211 from 300°F to 500°F in about 1 hour. By changing the 
being connected to an input of A 2 0 1 through R 2 1 2 value of the resistor R303 , the ramp time can be 
(suitably 4.99 megohms) . Thus, the input to the ampli- 20 changed as desired. The ramp generator 3 5 0 is a con-
fier A201 is the sum of the LP inlet temperature signal ventional operational amplifier with a feedback capaci-
and the 550°F reference signal. As long as the input sig- tor C 3 5 2 (suitably 5 uf) , and thus functions as an inte-
nal is of a value corresponding to a temperature below grator. By switching the small resistor R381 (20K) in 
550°F, the output of the circuit 2 0 0 is positive. This parallel with the capacitor C352 , as done when a reset 
positive signal is coupled to a transistor T R 2 0 0 or relay 2 5 switch RX is closed, the capacitor C 3 5 2 is discharged 
driver 220 , holding it in an off-biased condition. How- and the output of the ramp generator is held essentially 
ever, as soon as the LP inlet temperature signal rises to at zero. 
a value representing a temperature greater than 550°F The function generator 4 0 0 comprises the input cir-
the output of the comparator 2 0 0 goes negative, turn- cuit which is operatively connected to an operational 
ing on the transistor TR220 . The collector of T R 2 2 0 is 30 amplifier A501 . As is well known in the art, the gain 
coupled through a resistor R225 (75 ohms) to the relay characteristic of an operational amplifier is propor-
KIR which has its other terminal connected to a nega- tional to R/ (feedback resistor) over R i n , the input resis-
tive voltage source. The relay KIR is shunted by an arc tance, with R i n here being established by the diode-
suppression diode DK1. Thus, when the transistor 2 2 0 resistor network. Also connected to an input of the am-
is biased on, the series circuit between the negative plifier A 5 0 1 is a zero offset circuit 550, comprising a 
supply and ground is closed, whereby the relay KIR is negative voltage connected through a pot P551 (5 ,000 
energized and the switch KIX is closed (see FIG. 6) . ohms) and a resistor R 5 5 2 (7 .5 megohms) . Thus, when 
The closing of the switch KIX places a voltage directly the output of the ramp generator is below a given mini-
across the temperature limit relay TLR, thus energizing mum, the zero offset circuit provides a minimum nega-
it and opening the normally closed switch TLX'. Simul- 4 0 tive signal at the input of the amplifier A501 . This mini-
taneously with the energization of the relay TLR, a high mum signal corresponds to a point one on the straight 
temperature light TLL, in parallel with the relay TLR line graph of FIG. 5, and establishes a live zero signal 
(see FIG. 6 ) is lighted, informing the operator of the which is required by the reheater valve actuator 50. 
condition of the system. As stated hereinabove, the Referring to both FIGS. 4 and 5, the desired variation 
relay KIR will remain energized, keeping the system in of reheated steam temperature with time is shown in 
the TL mode, until the operator takes action to manu- FIG. 4. However, the relationship between the control 
ally reduce the temperature of the hottest LP inlet, or signal applied to actuator 50 , and the temperature o f 
until for any other reasons such inlet drops to a temper- the turbine cycle steam after being heated in the re-
ature approximately 20°-30°F below the 550°F refer- heater, is not a linear arc relationship, but is approxi-
ence point. mately by the straight line segment curve shown in FIG. 

With further reference to FIG. 3, the rate control cir- 5 . Thus, in order to obtain the approximately linear re-
cuit 2 5 0 comprises parallel branches, the lower branch sponse as shown in FIG. 4, it is necessary that the out-
250L having a high resistance (suitably 2 megohms) , put o f the ramp generator 3 5 0 be modified so that, cor-
and the upper branch having a relatively low resistance ^^ responding to a continuously rising ramp signal, the 
(suitably 100K). As is well known in the pertaining art, control signal has the straight line segment form of the 
the gain characteristics of an operation amplifier con- curve of FIG. 5. This is accomplished by the function 
nected to integrate the input signal carries a propor- generator 400 . 
tionally constant K which is inverse to the input resis- Comparing the function generator circuitry as shown 
tor. Thus, the two meg resistor designated 250L corre- ^ in a block 4 0 0 with the straight line segment graph o f 
sponds to a 10 minute rate, and is used in the T (400°F) FIG. 5 , it is seen that break points 2 and 3 may be posi-
mode to produce a ramp generator output which tioned by the setting of pots P402 and P 4 0 3 respec-
achieves an LP inlet temperature of about 400°F in tively. The pot P402 is connected through a resistor 
about 10 minutes. Correspondingly, in the H (hot start) R404 to a positive voltage source, and the wiper of the 
mode, wherein the switch HX is closed, the input resis- ^ pot P 4 0 2 is connected through a resistor R 4 0 6 to a ter-
tance is appreciably 100K, increasing the gain of the minal point T402 . The terminal point T 4 0 2 is con-
ramp generator accordingly, and causing the LP inlet nected respectively to the cathode of a diode D 4 0 2 , 
temperature to attain approximately 400°F in about 30 and to a resistor R 4 0 2 which buffers the point T 4 0 2 
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from the input to m e func t ion generator. Thus, the 
voltage at the point T 4 0 2 , determined by the setting of 
the pot P402, is normally held positive with respect to 
the anode o f the diode D 4 0 2 , which is coupled to the 
zero offset circuit 550 . Under these circumstances, the 
diodes D 4 0 2 is back biased until the output of the ramp 
generator 3 5 0 becomes sufficiently negative to cause 
the point T 4 0 2 to be negative with respect to the anode 
o f t h e diode D 4 0 2 , thus turning it on. At that time, the 
input resistance to the operational amplifier A 5 0 1 be-
comes appreciably resistor R 4 0 2 in parallel with resis-
tor R401 , thus increasing the gain of the amplifier, as 
reflected by the increased slope between the break 
points 2 and 3. In a similar fashion, the wiper of a pot 
4 0 3 is tied through a resistor R 4 0 5 to a terminal T 4 0 3 . 
The terminal T 4 0 3 is connected through a resistor 
R 4 0 3 to the input of the function generator, and to the 
cathode o f a diode D 4 0 3 . The anode o f t h e diode D 4 0 3 
is connected to the anode of the diode D 4 0 2 and to the 
input of the operational amplifier A 5 0 1 . The setting o f 
the pot P 4 0 3 is chosen so that the output of the genera-
tor 3 5 0 must increase to a greater negative voltage be-
fore the diode D 4 0 3 is forward biased. This occurs at 
a break point 3 , at which point a resistor R 4 0 3 is e f fec-
tively shunted across the resistors R401 and R402 , fur-
ther decreasing the input resistance to the amplifier 
A 5 0 1 , and resulting in the increased slope as indicated 
between a break point 4 and the point 3. The point 4 
corresponds to the point where the output o f the ramp 
generator has risen to —10 volts, and at which the mag-
nitude o f the signal transmitted to reheater valve actua-
tor 5 0 causes substantially a 100 percent valve lift, re-
sulting in maximum flow of steam through the reheater 
valves to the reheaters. 

The power amplifier 5 0 0 comprises the operational 
amplifier A 5 0 3 , the output of which is fed through an 
emitter follower (comprises TR500 , R 5 0 2 and R 5 0 3 ) 
to derive a control signal suitable for transmission to 
the actuator unit 50. The output of the emitter fol lower 
is switchably connected through the switch MX to the 
actuator 50. When the switch MX is closed, corre-
sponding to manual operation, the operator can adjust 
a potentiometer P 6 4 2 ( 2 5 0 ohms) , which is connected 
in series with a resistor R 6 5 1 ( 1 0 0 ohms) between a 
positive voltage source and ground. By adjusting the 
pot P652 , the operator can directly control the voltage 
which is transmitted to the valve actuator 50 . This is 
done if there is a breakdown in the electronic control 
circuitry, or for any other reason the operator wishes 
to take manual control of the system. 

Referring now to FIG. 6, the schematic diagram of 
the manual or computer operated mode by a control 
unit 95 is shown. Power is provided to the control unit 
by closing the switch PX and transmitting regulated 
positive voltage to a point 952 . Upon closing the switch 
PX, a time delay relay TDR, connected between the 
point 9 5 2 and ground, is energized. T h e relay T D R has 
the operating characteristic of operating after a short 
time delay, on the order of 5 seconds, after which delay 
a normally closed switch T D X is caused to open. The 
switch T D X is connected to the point 9 5 2 through a 
line 951 , and causes energization of a reset relay RR at 
the time that the switch PX is first closed. Energization 
of the relay RR causes the closing o f a switch RX, 
which connects the relay RR to the point 9 5 2 through 
normally closed switches CPX, MX' , CSX' , TLX' , T X ' 
and HX'. Consequently, when switch T D X opens after 
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the short time delay, the reset relay RR is held ener-
gized through the switch RX, causing the system to turn 
o n in the reset mo de of operation. This is done in order 
to allow sufficient time for the power supply and the 

5 amplifiers to stabilize. In the absence of this provision 
for automatically placing the control system in the reset 
mode , the system could settle out in any given mode, 
which could be harmful to the turbines if not quickly 
caught by the operator. 

10 It is also noted that the operator may, at any time, 
place the system in the reset mo de by a switching 
switch RB, the c o m m o n terminal of which is connected 
to the terminal 9 5 2 through a normally c losed switch 
CPX. U p o n switching the switch RB, power is provided 

15 to the reset relay RR, which holds itself energized after 
the switch RB is released to its normal position. A s dis-
cussed hereinabove and as illustrated in FIG. 3 , the 
closing o f the switch RX also clamps the output o f the 
function generator 3 5 0 substantially to zero, holding 

20 the valve control signal at the live zero level shown in 
FIG. 5 . 

As is seen in FIG. 6, each o f the modes CS, T, H and 
M has a corresponding mo de selector button, being 
CSB, TB, HB and M B respectively. These buttons, 

2 5 along with C P B and RB, are displayed prominently on 
the system control panel. The buttons are shunted by 
corresponding swatches SCX, TX, HX and M X respec-
tively, which act to hold the respective mode control 
relays operating after the companion button has been 

3 0 released. With the reset button R B in its normal posi-
tion as shown, power is supplied through to the point 
954 , and is connected from there to each o f the four 
control buttons as long as the temperature limit relay 
TLR is not energized. If the relay TLR is energized, the 

3 5 switch TLX' , connected to the point 9 5 4 is caused to 
open, such that no power can get through to the control 
relays for the CS, T, and H modes. However, under 
these circumstances, the operator can place the system 
in manual control, by pressing a button MB, which is 

4 0 in series with the manual relay MR, which when acti-
vated closes the switch M X . 

Each o f the four control buttons is placed in series 
with three normally c losed switches corresponding to 
the three other control buttons. Thus, button CSB is in 
series with the normally c losed switches TB' , HB', and 
MB', all of which are in series with the co ld start relay 
CSR. Thus, only when the system is in none o f the other 
three modes is power transmitted through the switch 
CSX and the relay CSR to ground, so as to energize the 
SCR relay and place the system in the cold start mode. 
Correspondingly, the buttons TB, HB, and MB are con-
nected between the point 9 5 4 and corresponding mo de 
relays TR, HR, and MR through three normally c losed 

5 5 switches in series, each o f which is energized by one o f 
the other three mo de relays. By this scheme, the system 
is placed in only one of the four modes (CS, T, H, and 
M ) at a time. Panel lights CSL, TL, HL, and M L shunt 
relays CSR, TR, and MR respectively, to indicate the 

^ mode of the system. 
The line 9 5 1 carries power to the point 9 5 7 , which 

is tied through parallel paths to a point 9 5 9 , and from 
the point 9 5 9 through the normally c losed switched 
M X ' to and through the relay X 2 R to ground. A first 

6 5 parallel path between the point 9 5 7 and the point 9 5 9 
contains the normally open switch T L X , which is 
c losed only when the temperature limit is exceeded. 
When the switch T L X is closed, and the control system 
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is not in manual mode, the relay X2R is energized, 
causing switching of the switch K2X which is illustrated 
in FIG. 2. Under these circumstances, high tempera-
ture reference No. 1 is connected through to the com-
parator 100, and the system is stabilized at a high tem- 5 
perature (suitably 540°F) until the operator manually 
brings it to a lower temperature. The second parallel 
path between the point 957 and the point 959 com-
prises a normally closed switch CSX' (which opens 
when the relay CSR is energized) in series with the par- 10 
allel configuration of the switches HX and TX, both 
normally open. Thus, when the computer is not in the 
CS mode, and is placed in either the H or T mode, 
power is connected through to the relay K2R, causing 
switching of K2X (as shown in FIG. 2), whereupon the 15 
low load temperature reference 110L is connected to 
comparator 110. 

The button CPB, the computer mode button, is con-
nected in series with the relay CPR, between the point 
953 and ground. Light CPL shunts the relay CPR, to 20 
give visual indication of when the system is in the com-
puter control mode. Upon closing of the button CPB, 
the relay CPR is energized, causing switch CPX to 
switch and transfer power to the point 956 shown illus-
trated within a computer contacts unit 955. The point 25 
956 is connected to the computer controller 700, (FIG. 
1), and when it is energized, power is prevented from 
being connected to any of the other mode switches 
(due to the position of CPX), such that only the com-
puter has control of the system. Point 956 may be phys- 30 
ically connected to the computer, or may be any termi-
nal point which is in turn electrically connected to the 
computer so as to give it control. 

As seen in FIG. 1, a plurality of data inputs are pro-
vided into computer controller 700, representing infor-
mation monitored from throughout the system. For ex-
ample, the pressure in each of the turbine sections is 
monitored at a specific point, and may be converted 
through suitable transducers into signals which are 
transmitted to computer controller 700. In a similar 4 0 

fashion, a representation of the megawatt generation of 
MW of generator 12 is fed into computer controller 
700. 

In the preferred embodiment an analog computer is 
included in the computer controller 700. A digital com-
puter would form another embodiment. 

The operation of the system in each of the aforemen-
tioned control modes can now be understood, in view 
of the description above. When the system is placed in 
the CS (cold start) mode, switch CX is closed, and 
power is transmitted through the switches PX, CPX, 
RB, TLX', TD', HP', and MB' to relay CSR. With relay 
CSR energized, all other modes are deenergized, and 
the voltage reference provided by the unit 300 is con- ^ 
nected straight through to the ramp generator 350. The 
10 meg resistor of the circuit 300, in combination with 
the feedback capacitor of the generator 350, combine 
to produce a ramp output adapted to cause valve lift 
over a period of about 60 minutes, carrying the LP in- ^ 
lets from a temperature of about 300°F to 500°F. 

When placed in the T mode, the relay TR is ener-
gized, thus closing the switch I X and connecting the 
output of the comparator 100 to ramp generator 3 5 0 
through the low load rate control circuit 250L. Unless ^ 
or until the temperature limit (as provided by high tem-
perature reference 210) is exceeded, the low load tem-
perature reference 110L (400°F) is connected as an 
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input to the comparator 100 along with the auction-
eered highest LP inlet temperature signal. The compar-
ator 100 thus continuously provides an error signal, 
holding the highest LP inlet temperature at 400° ± 
25°F. 

In the H (hot start) mode, a switch HX is closed, and 
the output of the comparator 100 is connected to the 
ramp generator 350 through the hot start rate control 
circuit 250H. By switching the relatively low resistance 
(about 100K) of the circuit 250H into the input con-
nected to the generator 350, the generator output 
builds up much quicker, i.e., in about 30 seconds. Thus, 
the temperature of the highest LP inlet raises to the 
400°F reference quickly, at which point the control is 
essentially the same as that of the T mode. 

As set' forth hereinabove, when the system is placed 
in the reset mode, the switch TX is closed, and the sys-
tem is incapable of going into the CS, T, H, or M 
modes. With the switch RX closed, the output of the 
ramp generator is held appreciably at zero, such that 
the control signal which is communicated to the actua-
tor 5 0 is provided essentially by the zero offset circuit 
550, which is designed to maintain the temperature at 
about 300°F. 

From the above description, it is seen that this inven-
tion provides an efficient means and method for carry-
ing out the objectives as previously stated. The elec-
tronic circuitry is entirely solid state, and the miniatur-
ization enables remote placement of the electronic 
control circuitry as well as the control panel which 
carries the various mode buttons, temperature indica-
tors, etc. The electronic circuitry as described contains 
components selected specifically for reliability and sta-
bility. In operation, the apparatus of this invention pro-
vides efficient and reliable control of the reheating pro-
cess, with a substantial reduction in required operator 
time, and with resulting increased efficiency of per-
formance of the overall turbine system due to more re-
liable temperature control. 

I claim: 
1. An electric power plant comprising, 
a source of steam, 
a condensing means, 
a steam turbine, said steam turbine at least including 

a high pressure element having a cycle steam inlet 
connected to the source of steam and a cycle steam 
exhaust, and a lower pressure element having a 
cycle steam inlet and a cycle steam exhaust to dis-
charge cycle steam to the condensing means, said 
high and lower pressure elements being operatively 
connected to rotate an electric generator, 

an electric generator rotatable by the steam turbine, 
reheating means, said reheating means including a 

first steam passage portion connected to conduct 
turbine cycle steam from the exhaust of the high 
pressure turbine element to the inlet of the lower 
pressure turbine element, said reheating means 
having a second steam passage portion connected 
to conduct heating steam from the steam source 
through the reheating means in heat transfer rela-
tion with the first steam passage portion, 

valve means connected to govern the rate of flow of 
heating steam through the reheating means, 

temperature detecting means connected to detect a 
temperature in the lower pressure turbine element 
at a location where the detected temperature varies 
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with the temperature of the reheated cycle steam 
entering said lower pressure turbine element, 

means to generate a signal representative of a prede-
termined reference temperature, and 

control means responsive to the reference tempera-
ture signal and to the detected temperature de-
tected by the detecting means to control the valve 
means to vary the rate of flow of heating steam to 
reduce the difference between the detected tem-
perature and the reference temperature. 

2. An electric power plant according to claim 1, 
wherein the temperature detecting means detects the 
temperature of the metal of the stationary structure of 
the lower pressure element, adjacent the reheated 
cycle steam inlet. 

3. An electric power plant according to claim 1, 
wherein the valve means is connected between the 
steam source and the reheating means. 

4. An electric power plant according to claim 1, 
wherein the control means include, 

a comparator to generate a first output signal repre-
sentative of the difference between the detected 
temperature and the reference temperature, 

integrating means to generate a second output signal 
having a predetermined proportionality with the 
time integral of the first output signal, and 

means responsive to the second output signal to posi-
tion the valve means. 

5 . An electric power plant according to claim 1, 
wherein the predetermined reference temperature sig-
nal corresponds to a first temperature of a distinct 
value, and further comprising, 

a second means to generate a second signal represen-
tative of a second predetermined high reference 
temperature of a distinct value greater than the 
value of the first predetermined temperature, and 

means to render the control means responsive to the 
detected temperature and the first distinct value at 
times when the detected temperature has a prede-
termined relationship to the second distinct value. 

6 . An electric power plant comprising, 
a steam source, 
a condensing means, 
a steam turbine, said steam turbine at least including 

a high pressure element having a cycle steam inlet 
connected to the source of steam and a cycle steam 
exhaust, and a plurality of lower pressure elements 
each having a cycle steam inlet and a cycle steam 
exhaust to discharge cycle steam to the condensing 
means, said turbine elements being operatively 
connected to rotate an electrical generator, 

an electric generator rotatable by the steam turbine, 
reheating means, said reheating means including a 

first steam passage portion connected to conduct 
cycle steam from the exhaust of the high pressure 
element to the cycle steam inlets of the lower pres-
sure elements, said reheating means having a sec-
ond steam passage portion connected to conduct 
heating steam from the steam source through the 
reheating means in heat transfer relation with the 
first steam passage portion, 

valve means connected to govern the rate of flow of 
heating steam through the reheating means, 

a plurality of temperature detecting means, each 
such means being connected to detect the tempera-
ture in a respective one of the lower pressure ele-
ments at a location where the detected tempera-
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ture varies with the temperature of the reheated 
cycle steam entering the associated lower pressure 
turbine element, 

means to generate a signal representative of a prede-
termined reference temperature, 

means to select the greatest detected temperature, 
and 

control means responsive to the greatest detected 
temperature and to the reference temperature sig-
nal to control the valve means to vary the rate of 
flow of heating steam to reduce the difference be-
tween the greatest detected temperature and the 
reference temperature. 

7. An electric power plant according to claim 6 
wherein the control means include, 

a comparator to generate a first output signal repre-
sentative of the difference between the greatest de-
tected temperature and the reference temperature, 

integrating means to generate a second output signal 
having a predetermined proportionality with the 
time integral of the first output signal, and 

means responsive to the second output signal to posi-
tion the valve means. 

8 . A method of operating an electric power plant 
25 which includes an electric generator, a steam turbine 

including at least one high pressure turbine element 
and a lower pressure turbine element rotatably con-
nected to drive the generator, a source of steam, a re-
heating means, a condensing means, and a valve means 

3° to govern the rate of flow of heating steam through one 
side of the reheating means, said method comprising, 

generating steam in the steam source, 
conducting cycle steam from the steam source 

through a t least one high pressure element of the 
steam turbine to the cycle steam inlet of the reheat-
ing means, 

conducting the cycle steam from the cycle steam 
inlet of the reheating means through a first steam 
passage portion of the reheating means to the cycle 
steam inlet o f the lower pressure turbine element, 

conducting the cycle steam through the lower pres-
sure turbine element to the condensing means 
where such cycle steam is condensed, 

conducting heating steam from the steam source 
through a second steam passage portion of the re-
heating means in heat transfer relation to the first 
steam passage portion, 

generating a first signal representative of a detected 
temperature in the lower pressure turbine element 
at a location where the detected temperature varies 
with the temperature of the reheated cycle steam 
entering the lower pressure element, 

generating a second signal representative of a prede-
termined reference temperature, and 

controlling the position of the valve means in accor-
dance with the difference between the first and sec-
ond signals to vary the rate of flow of heating steam 
to reduce said difference between the detected 
temperature signal and the reference temperature 
signal. 

9. A method of operating an electric power plant ac-
cording to claim 8 wherein the detected temperature is 
the temperature of the metal of the stationary structure 
of the lower pressure element, adjacent the reheated 
cycle steam inlet. 

10. A method of operating an electric power plant 
according to claim 8 wherein the valve means is con-
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nected between the steam source and the second steam 
passage portion of the reheating means. 

11. A method of operating an electric power plant 
according to claim 8, wherein the controlling of the po-
sition of the valve means includes, 5 

generating an error signal representative of the dif-
ference between the first and second generated sig-
nals, 

generating a third signal having a predetermined pro-
portionality with the time integral of the error sig- 10 
nal, 

and 
controlling the position of the valve means according 

to the third generated signal. 
12. A method of operating an electric power plant 15 

according to claim 8 wherein the predetermined refer-
ence temperature signal corresponds to a first tempera-
ture of a distinct value, and further comprising, 

generating a second signal representative of a second 
predetermined high reference temperature of a dis- 20 
tinct value greater than the value of the first prede-
termined temperature, and 

controlling the position of the valve means in re-
sponse to the detected temperature signal and the 
predetermined reference temperature signal at 25 
times when the detected temperature has a prede-
termined relationship to the second distinct value. 

13. A method of operating an electric power plant 
which includes an electric generator, a steam turbine 
including at least one high pressure turbine element 30 
and a plurality of lower pressure turbine elements ro-
tatably connected to drive the generator, a source of 
steam, a reheating means, a condensing means, and a 
valve means to govern the flow of heating steam 
through one side of the reheating means, said method 35 
comprising, 

generating steam in the steam source, 
conducting cycle steam from the steam source 

through at least one high pressure element of the 
steam turbine to the cycle steam inlet of the reheat- 40 
ing means, 
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conducting cycle steam from the cycle steam inlet of 
the reheating means through a first steam passage 
portion of the reheating means to the cycle steam 
inlets of the plurality of lower pressure turbine ele-
ments, 

conducting cycle steam through the plurality of lower 
pressure turbine elements to the condensing means 
where such cycle steam is condensed, 

conducting heating steam from the steam source 
through a second steam passage portion of the re-
heating means in heat transfer relation to the first 
steam passage portion, 

generating a signal representative of a detected tem-
perature in each of the plurality of lower pressure 
turbine elements at a location where the detected 
temperature varies with a temperature of the re-
heated cycle steam entering the associated lower 
pressure element, 

generating a signal representative of a predetermined 
reference temperature, 

selecting the signal representative of the greatest de-
tected temperature, and 

controlling the position of the valve means in accor-
dance with the difference between the greatest de-
tected temperature signal and the reference tem-
perature signal to vary the rate of flow of heating 
steam to reduce said difference between the great-
est detected temperature signal and the reference 
temperature signal. 

14. A method of operating an electric power plant 
according to claim 13, wherein controlling the position 
of the valve means includes, 

generating an error signal representative of the dif-
ference between the greatest detected temperature 
signal and the reference temperature signal, 

generating a signal having a predetermined propor-
tionality with the time integral of the error signal, 
and 

positioning the valve means according to the signal 
generated by integrating the error signal. 

* * * * * 
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