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(71) We, TOKYO SHIBAURA ELEC-
TRIC COMPANY LIMITED, a Japanese
corporation, of 72 Horikawa-cho, Saiwai-
ku, Kawasaki-shi, Japan, do hereby declare
the invention, for which we pray that a
patent may be granted to us, and the
method by which it is to be performed, to be

articularly described in and by the follow-
Ing statement:-

The present invention relates to a temper-
ature control system for a liquid plant and,
more particularly to a temperature control
system of a liquid metal plant for a coolant
system of a fast breeder reactor.

Liquid metal such as sodium Na, sodium
potassium Nak, lithium or the like, is in
solid state at normal atmospheric tempera-
ture. To use liquid metal as coolant, or heat
exchanger, for the liquid metal plant, the
liquid metal in solid state is Ereviously
heated in a vessel such as tank to the melting

int, for example, more than about 98°C
or sodium. Then, it further is heated to a
given temperature, for example, about
250°C for sodium. Finally, it is introduced
into a coolant circulating loop for a reactor,
heat exchanger and the like.

Figure 1 schematically shows a tempera-
ture control system for the liquid metal
plant. A secondary coolant circulating loop
of a fast breeder reactor is exemplified here,
for ease of explanation. However, the con-
trol system is correspondingly applied to a
reactor or other coolant systems. In Figure
1, a vessel 1 contains liquid metal. A heat
exchanger 2 is provided at the inlet and
outlet with a pipe line 3 forming a circulat-
ing loop for liquid metal to eifect a heat
exchange with coolant in the fast breeder
reactor. A pump 4 is installed on the middle
way of the pipe line 3 of the circulating loop.
A valve 5 permits the liquid metal in the
vessel 1 to flow into the circulating loop,
through a pipe line 6a, in response to the
operation of the pump 4. Another valve 7 is

used to return the liquid metal circulating in
the circulating loop to the vessel 1 through a
pipe line 6b, in response to the pump 4
ceasing to operate. A steam generator 81is a
kind of a heat exchanger. The heated liquid
metal passing the steam generator evapo-
rates water also flowing therethrough. A
meter 9 installed on the middle way of the
pipe line of the circulating loop is used to
measure the flow rate of the liquid metal
circulating in the loop.

In the above-mentioned system, the valve
5 is opened and the pump 4 is operated so
that the liquid metal in the vessel 1 is
introduced into the circulating loop. The
pump 4 causes the liquid metal introduced
into the loop to circulate through the heat
exchanger 2 and the steam generator 8, to
effect heat exchange between the heat
exchanger 2 and the steam generator 8. In
such a system, a heater evolving Joule heat,
such as an electrical heater, is installed on
the vessel 1 and the pipe line 3 for heating
the liquid metal in the plant system or the
plant system per se. Alternately, high tem-
perature gas is applied to them for the same
purpose. Such an arrangement keeps the
liquid metal in liquid state and its tempera-
ture to a given value. Generally, the tem-
perature control is effected till the reactor is
driven and the liquid metal is heated by the
output of the reactor or the reactor ceases
and then restarts its operation. The temper-
ature control apparatus for controlling tem-
perature of the liquid metal in such a
temperature control system suffers from the
following disadvantages.

(1) The conventional temperature con-
trol system design fails to take an account
of; (a) presence of liquid metal in the pipe
line, (b) the amount of the liquid metal
therein, (c) the state, i.e. liquid or solid, or
liquid metal, and the like. This results in
insufficient accuracy of the temperature
control for the vessel containing the liquid
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metal. Further, there is a possibility of
unstable control of temperature due to
improper control variables.

2) None of the plant characteristics
such as change of the flow rate of the
circulating liquid metal is taken into account
for the control scheme; none of the control
variables for the liquid metal temperature.
This leads to poor precision of the tempera-
ture control and instability of the control
system,

(3) The conventional control system
employs a number of control points, for
example, several thousands of points of
measurement in the case of the fast breeder
reactor. The control was based on the
operation merely using difference between a
given value and a measured value at the
control point. That is, it has a lack of
consideration of the interrelation among the
control points and the supervising of all the
control points. This causes unevenness of
temperature distribution owing to variation
of poor follow or precede of the control
response.

4) Generally, several or more control
points are given for one temperature control
apparatus. Processing of several thousands
of control points needs many temperature
control apparatus, and setting and changing
of the reference temperature, the alarm
limiting value, control variables are per-
formed manually. Generally, several weeks
are necessary to progressively heat the
liquid metal to a given temperature, in the
fast breeder reactor, although this is known
as a cold start in this field. Manual control of
these factors for several weeks on the basis
of a schedule is accompanied by much
labour, and coarse and erroneous settings.
The precision of control is poor even for one
control point.

Accordingly, an object of the present
invention is to provide a temperature con-
trol system for the liquid plant in which the
temperature control is sufficiently stable
and precise, and the temperature distribu-
tion of the liquid plant is uniform.

According to the present invention, there
is provided a temperature control system for

_ liquid plants, comprising plant members

including a vessel for containing liquid, a
pipe line into which the liquid is introduced
from the vessel, at least one pump which is
connected to the pipe line and forces said
liquid to circulate through the pipe line and
a?leat exchanger coupled with the pipe line,
a plurality of heaters which are provided
corresponding to the respective control
points of said plant members and which heat
said plant members at the respective control
Points, and temperature sensors for detect-
ing the temperature of said liquid and said
plant members at the respective control
points, said temperature control system

comprising detecting means for detecting a_

process value representing the plant; a
temperature control means which receives
the output signals of said temperature sen-
sors, calculates at each control point the
difference between a reference temperature
and the temperature detected by said tem-
perature sensors, and determines the con-
trol value from the result of the calculation
to produce control signals for controlling
electric power being supplied to said respec-
tive heaters; a control unit which receives
the output signals from said detecting means
and the temperature sensors, selects a con-
trol information from a temperature control
schedule of the plant in accordance with the
temperature detected by the temperature
sensors and the process value detected by
said detecting means, and supplies said
temperature control means with the control
information determining the reference tem-
perature.

Embodiments of this invention will now
be described with reference to the accom-
panying drawings, in which:-

Figure 1 shows a schematic diagram illus-
trating a construction of a temperature
control system of a plant;

Figure 2 is a block diagram of a tempera-
ture control system of liquid metal accord-
ing to the present invention;

Figure 3 is a block diagram of a tempera-
ture control system of pipe lines of the
embodiment of Figure 2;

Figure 4 is a graph showing a tempera-
ture-time relation when an operating sche-
dule of the system is assumed in this
embodiment;

Figures 5A and 5B and Figures 6A and 6B
are flow charts illustrating the function of
the control unit;

Figure 7 is a graph showing an example of
the variation of time constant of pipe lines
with respect to presence or absence of liquid
metal and the flow rate;

Figure 8 shows a block diagram for
illustrating the selection of the heater and its
associated temperature sensor relating to
the flow rate;

Figure 9 is a flow chart to compute
optimum control variables;

Figures 10A and I10B are graphs for

illustrating the way of control for the cases
of poor follow and precede of control
response with respect to a reference value;

Figures 11 and 12 are pipe line portions of
another embodiment of the present inven-
tion; and

Figure 13 shows data to be stored in a
control unit with a predetermineéd sampling
period corresponding to the flow rate, de-
termined by an analysis.

Referring now to Figure 2, there is in
block form a temperature control system
and the detail of a liquid metal containing
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vessel. In the figure, like reference numerals
are used to designate like or equivalent
parts in Figure 1. In Figure 2, a vessel 1
contains liquid metal 10 charged thereinto
which is in solid state at normal atmospheric
temperature. Heaters 11a, 11b and 11c are
installed around the outer peripheral wall of
the vessel 1, at different heights. These
heaters are coupled through an interface 13
to a couple of power source terminals 12,
Current feeding thereinto heats the vessel 1
to raise the temperature of the liquid metal
therein. External temperature sensors 14a,
14b and 14c are disposed along the outer
wall of the vessel 1, to detect temperatures
at the respective heights of the vessel 1.
Internal temperature sensors 15a, 15b and
15¢ are used to measure a temperature in
the vessel 1. These internal temperature
sensors also are arranged to sense tempera-
tures at the different levels of the liquid
metal, i.e. the charging level of it. A level
detector 16 detects the charging level of the
liquid metal 10 in the vessel 1. Numerals
“17, “2” and “3” depicted on the level
detector 16 are arranged to indicate the
level positions of the liquid metal. Refer-
ence numerals 5 and 6a designate a valve
and a pipe line for introducing the liquid
metal into the circulating loop; 7 and 6b are
a valve and a pipe line for returning the
liquid metal 10 to the vessel 1. A tempera-
ture control apparatus comprises an input
unit 17a scanning detected temperature
signals fed from two groups of temperature
sensors 14a to 14c and 15a to 15¢, a
memory/arithmetic/control processing unit
17b (referred to as CPU) for storing de-
tected temperature signals fed from the
input unit 17a and computing and controll-
ing them, and a process output unit 17c for
receiving output signals of the unit 17b to
output them as operating signals to an
interface 13, via a signal line 18.

The level detector 16 applies its level
detecting signals to a control unit 30. The
temperature detecting signals from the input
unit 17a of the temperature control appar-
atus 17 also is applied to the control unit 30.
On the bases of these input signals, the
control unit 30 computes control variables
depending on control algorithm or control
method and transfers the computed control
variables to the CPU 17b.

It should be noted that number of the
heaters and temperature sensors is not
limited to three as in the above case.

Figure 3 is a schematic view of a part of
pipe lines and its associated temperature
control system. Assume now that the liquid
metal flows from left to right as indicated by
an arrow through a pipe line 3 partly
forming a circulating loop shown in Figure
1. Heaters 19a and 19b installed around the
outer surface of the pipe line 3 are coupled

with the power source terminals 12, via the
interface 13. The current feeding thereto
heats the pipe line 3. External temperature
sensors 20a and 20b detects the outer
surface temperature at different positions.
Internal temperature sensors 21a and 21b
detect the temperature in the pipe line 3.
Detected temperature signals from these
sensors are applied to the input unit 17a of
the temperature control apparatus 17. The
output signals of the input unit 17a are
applied to the CPU 17b where they are
properly computed. The result of the com-
putation of the unit 17b is applied to the
interface 13, via the signal line 18 and
output unit 17c.

Further, slow rate measuring signal trans-
ferred from the detector 9 is applied to the
control unit 30. The temperature detecting
signals from the unit 17a also are applied to
the control unit 30. The control unit proces-
ses these signals inputted to produce an
appropriate control method and control
variables to be directed to the CPU 17b, as
in the Figure 2 case. '

As described above, in the Figure 2 and
Figure 3, the temperature detecting signals
derived from the internal and external
sensors are delivered to the temperature
control apparatus 17 including the input unit
17a, the CPU 17b, and the output unit 17c,
for ensuring a proper temperature control.
Plant input signals derived from the flow
rate measuring meter 9, the level detector
16 and the like are read into the control unit
30 where it judges the operating condition in
the plant to define control information
which in turn is applied to the unit 17b.

The explanation to follow is the operation
of the thus constructed temperature control
system for the liquid metal plant.

In Figures 2 and 3, the temperature
detecting signals outputted from sensors 14a
or 15a, 14b or 15b, 14c or 15¢c, 20a or 21a
and 20b or 21b are applied to the input unit
17a. When the temperature sensor is of
thermocouple type, the cold point correc-
tion is performed and temperature signal is
linearized. The linearized temperature sig-
nal is applied to the CPU 17b. The CPU 17b

stores the correspondence between a num- .

ber of temperature sensors and electric
heaters to which control signals correspond-
ing to the outputs of the temperature
sensors, for each control point, and further
stores the control information such as con-
trol sampling period, reference tempera-
ture, control parameter or variables, alarm
limiting value, and the like. The control
methods known are a simple on-off control
method, a multi-stage on-off control
method, a PID method and others. The
circuit constructions of the interface 13 and
the output unit 17c are designed depending
on the control method employed, as a
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matter of course. Here, the PID system will
be employed and explanation wiil proceed
along with it. When the temperature control
is effected by a single temperature appar-
atus, with a single control point, it is
continuously carried out so that the sam-
pling period of the control information is
unnecessary. However, to correct the idle
time of the control response, the sampling
method is necessary. Further, the control
period information is necessary when a
plurality of control points are controlled by
a single temperature control apparatus.
The case where a plurality of control
points are controlled by a single tempera-
ture control apparatus will be used in the
following description. On the basis of the
difference between the measuring tempera-
ture from the sensors fed to the input unit
17a and a reference temperature, the CPU
17b performs the PID calculation (P: Prop-
ortional calculation, I: Integration calcula-
tion, D: differential calculation) to deter-
mine the control value and delivers a signal
of the calculated control value to the output
unit 17c. The unit 17c converts the control
value signal into a corresponding electrical
signal which in turn is applied to the
interface 13. Upon receipt of the electrical
signal, the interface permits electrical power
from the terminals 12 to be supplied to the
electrical heater. The interface may be
comprised of thyristors, for example, of
which gates receive the control signal. Other
suitable arrangements may be used for the
interface. With such an arrangement, the
Elant apparatuses heated by the electricc
eater is detected by the temperature sensor
and the detected temperature of the liquid
metal in the plant is again applied to the
process input unit 17a of the temperature
control apparatus 17. This process will be
repeated to control the temperature of the
plant apparatus to approach to the reference
temperature. In response to the measuring
value from the sensor inputted through the
input unit 17a, the CPU executes an alarm
judgement with reference to the alarm
limiting value. When the CPU 17b detects
an alarm signal, it issues a signal to drive
lamp, buzzer, or the like, the control signal
output unit 17c. The alarm limiting value
includes an upper value, a lower value,
disconnection check of the sensors, and the
like. However, the above-mentioned tem-
perature control apparatus still suffers from
the problems as previously stated. When the
liquid metal is in solid state, the liquid metal
exists only in the vessel 1 and the level
detector 16 indicates “2”. Under this condi-
tion, when the system starts its operation,
the li%uid metal in the vessel 1 must first be
melted into liquid state. In the case of a
plurality of control points, the thermal stress
produced in the pipe lines, or other compo-

nents or parts of the plant due to tempera-
ture difference through all steps of the
temperature control is unevely distributed.
To prevent this, most of all the control
points of the plant members must be uni-
formly heated or cooled through all the
steps of the temperature control. The out-
put of the level detector 16 is applied to the
control unit 30. The unit 30 detects the level
¢2” of the liquid metal 10, for example.
Upon the detection, the unit 30 issues to the
CPU 17b an instruction to the effect that the
internal temperature sensors 15b and 15c
are used for the heaters 11b and 11c and the
external temperature sensor 14a for the
heater 11a. At this time, the control infor-
mation corresponding to the respective con-
trol point such as the sampling period, the
reference temperature (T;°C in Figure 4),
the alarm limiting value and the like, which
are previously stored in the control unit 30,
are applied to the CPU 17b. In the manner
previously stated, the control system 17
permits power supply to the heaters. Heat-
ing operation starts at this time. The tem-
perature of the liquid metal in the vessel 1
does not exceed its melting point T, (°C)
(To=98°C for sodium) until the liquid metal
is completely melted, because, at this time,
the metal liquid is still in solid state and thus
there is an effect of latent heat. The
detecting temperature signal is read into the
control unit 30 via the control system 17.
When temperature slightly exceeds the
melting point, the liquid metal is completely
liquified. At this time, the control unit 30
decides that the temperature reaches a point
C in Figure 4. The liquid metal is heated,
liquified and expanded, and the level detec-
tor reads the level “3”. At this time, the
heater 11a installed around the vessel 1 in
Figure 2, issues to the temperature control
system 17 an instruction so as to automatic-
ally change the control mode to the internal
control mode using the internal temperature
sensor 15a, through the control unit 30.
However, the level of the liquid metal does
not reach “3” of level, the external control

‘mode by using the temperature sensor 14a

will continue. The heaters 11b and 11c are
subjected to the internal temperature con-
trol mode by using the internal temperature
sensors 15b and 15c.

In Figure 4, during the time period from a
point Cto a point D, the temperature of the
liquid metal in the vessel 1 is raised until a
normal temperature T,°C (approximately
two hundreds and several tens °C for Na) of
the liquid metal to be charged into the
circulating loop. The control of the temper-
ature rise is performed by using permissible
temperature difference and a predeter-
mined rate of temperature change which are
given so as to minimize the thermal stress,
and parameters relating to the restriction of
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The control unit 30 checks the level
detector 16 till the temperature reaches a
point D of Figure 4 and changes the control
mode of the heater 1la into the internal
control mode, if it is permissible. When the
temperature control proceeds to reach a
Ii.‘)im D corresponding to the temperature

2 °C, the valve 5 in Figure 1 opens and the
pump 4 is operated so that the liquid metal
18 introduced into the circulating loop. At a

int E, the introduction of the liquid metal
1s completed. At this time, the valve 5 closes
and the liquid metal circulates in the circu-
lating loop shown in Figure 1, with the
assistance of the operation of the pump 4 or
the like.

At the point E, the level of the liquid
metal in the vessel 1 falls. Then, the control
unit 30 detects the value of the level
detector 16 and places the heaters 11a, 11b
and 1lc at Figure 2 to be subjected to the
external control mode. It is rare to raise the
temperature above the temperature T, (°C)
at the point E. However, when the tempera-
ture is raised to T °C at a point F, the liquid
metal plant is controlled as in the manner of
the temperature control step from C to D
shown in Figure 4. For preparation for such
a rare case, it is preferable to incorporate
such a case into the operating schedule. If
s0, an operator judges if it is necessary to
raise temperature up to the point F or not
and, if necessary, merely gives an instruc-
tion to effect the temperature rise to the
control unit 30.

The temperature control thus far men-
tioned may be expressed in terms of flow
charts as shown in Figures 5A and 5B, and
Figures 6A and 6B. Figures SA and 5B show
an entire flow of the temperature control by
the control unit 30, and Figures 6A and 6B
show a detailed flow of the uniform temper-
ature control. In the Figures 5A and 5B, and
Figures 6A and 6B. Tref designates a
reference temperature; UL an alarm limit-
ing value (upper limit); LL an alarm limiting
value (lower limit); T a control period;a,,
0y, B1, B, variables for UL and LL; vy, 2, Y3
permissible values for judging a uniform
temperature control. In the flow charts,
reference numerals @, @. ®, @, ® and ®
merely indicate positions between adjacent
steps and have no particular meaning. The
parentheses in each block of a flow chart in
Figures 5A to 6B denote the temperature
sensed by each temperature sensor indi-
cated by 14 number. Figures 5A, 5B, 6A
and 6B relates to the temperature control
system in Figure 2 and its operating sche-

ule in Figure 4, with omission of the
function of the temperature control system
17. Figures 10A and 10B show the case
where a step B26 of Figure 6B fails to
continue the change rate control (for exam-

ple, during the control period C-D) and, for

this, the control step shifts to a step B8 in
Figure 5. In Figure 10, Tref designates a
reference temperature, and Tc indication of
the temperature sensors. Alarm limiting
values UL, LL are omitted, for simplifica-
tion. Permissible deviation {+v3, —Yy3) indi-
cates the change rate being within the
permissible value, and is indicated by an
dotted envelope to the reference tempera-
ture Tref. The alarm limiting values UL and
LL are generally given by UL>Tref+vy; and
LL<Tref—y; and the envelope (not shown)
of them lies on the outside of the envelope
of (+v3, —Y3). However, this relation be-
tween there is not essential to the present
invention. In Figure 10A, the reference
temperature Tref must shift toward a
straight line a-c’ in Figure 10A. However,
the measuring temperature is poor follow of
control response and thus, at the point A in
Figure 4, it deviates from the permissible
deviation (—vy;). For this, the reference
temperature Tref is folded or blocked at a
point a in Figure 10A to await the rise of the
measuring temperature. At this time, the
temperature control system 17 continues the
control of the reference temperature Tref.
When the measuring temperature reaches
close to the reference temperature. The
control unit 30 detects the fact that the
measuring temperature enters within a per-
missible value (Figures 10A, 10B) and, after
the point P, controls the measuring temper-
ature following up the reference tempera-
ture Tref, thus preventing separation of the
measuring temperature Tc from the refer-
ence temperature Tref. This is true in Figure
10B.

In the case of several hundreds to several
thousands of control points, the condition
for placing all of the temperature differ-
ences among control points, the tempera-
ture difference, and the rate of change
within the permissible difference, is very
strict for the uniform temperature control
described above referring to Figures 10A
and 10B. Therefore, the permissible devia-
tions vy, Y2, Y3 described in Figure 6 are
carefully selected for each controlling point
by considering the quality of the follow-up
performance of the control points, the plant
condition and the like, and the selected ones
are stored in the control unit 30. It is not
necessary to satisfy the condition that all the
factors must fall within the permissible
deviation. In this case, whether it is neces-
sary to check that condition depending on
the plant condition every control point, or
the expanded permissible deviation, is pre-
viously stored in the control unit 30. Even if
such a countermeasure is taken, there still
remain several control points where that
condition is unsatisfied for a long time. In
such a case, the operator judges it and
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- instructs the control unit 30 to by-pass the

checking operation of such control points.

In this manner, the temperature control
of the vessel in Figure 2 on the basis of the
operating schedule in Figure 4 is performed.
The temferature control of the pipe line in
Figure 3 on the basis of the operating
schedule is performed in a manner similar to
that of Figure 5. This is correspondingly
applicable for the uniform temperature con-
trol in Figures 6, 10A and 10B. The internal
or external temperature control in accord-
ance with the charging level of the liugid
metal in the vessel in Figure 5 are succes-
sively switched by the control unit 30.
However, in the case of the circulating loop
such as the pipe line, it is substituted by the
following process.

Referring now to Figure 7, there is shown
the variation of the time constant of the pipe
line 3 with respect to the presence of the
liquid metal and the flow rate thereof in the
pipe line. As seen from the figure, a plant
characteristic such as time constant, i.e. that
of the sampling period, is changed by the
flow rate. It is necessary, therefore, to
control the internal temperature in the pipe
line in accordance with the change of the
flow rate. Before liquid metal charging
(point A), when the flow rate 20 after the
charging (point B), and when the flow rate
is large (point C), the time constant varies
several to several tens of times, depending
on the shape of the pipe line. In Figure §,
heaters 19a to 19c are installed around the
outer surface of the pipe line, and internal
temperature sensors 2la to 2le are pro-
vided. In this case, the sensors 21a to 21e do
not necessarily indicate the temperature of
the liquid metal heated by the correspond-
ingly disposed heaters 19a to 19c. When the
liquid metal flows in the direction of arrow,
the detection delay is produced with the
value of the flow rate. The internal sensor to
detect the feedback signal of the heat
quantity fed by the heater 19a must be
property selected from the internal sensors
2la to 21e in accordance with the indication
of the meter 9 for measuring the flow rate.

Solution for the problems raised relating
to Figures 7 and 8 will be described by using
the flow chart illustrating the control unit 30
in Figure 3. Figure 9 describes the control of
the heater 19d in Figure 8, for ease of
explanation. The description may be corres-
pondingly applied to other control points.
The physical dispositions of the sensors 21a
to 21d of Figure 8 provide indicative values
V1, Vz e (Vi<, ...frelating to the flow rate
to indicate the temperature sensor to be
selected for the flow rate. If these values are

‘previously stored in the control unit 30, and

the indication of the flow rate, measuring
meter 9 is inputted, the proper sensor may
be automatically and easily selected. The

result of the judgement by the control unit.

30 is transferred into the temperature con-
trol system 17.

There are two ways to decide control
parameters; one for the lamp shaped refer-
ence temperature and the other for the
predetermined reference temperature.
These are principally equal, and thus only
the control variable deciding method for the
predetermined reference temperature will
be employed for explanation to be given
below. The sampling period T will .be de-
scribed by using the example shown in
Figure 13. If the plant characteristic such as
the time constant shown in Figure 7 is
previously obtained by measuring or calcu-
lation, precise parameters may be obtained
by using the control theory or that corrected
by field tasting, to ensure a stable control
precisely responding to the flow rate. If the
previously decided control parameters are
stored in terms of the curve f; (v) in the
control unit 30, the sampling period Tt for
arbitrary flow rate (v) may be easily
obtained. The proportional constant Kp and
integration constant K may also be
obtained by a similar calculation of the
sampling period t. The optimum control
corresponding to the flow rate may be
gained when the control unit 30 transmits
these parameters to the temperature control
system 17. That the control parameters are
successively controlled by the control unit
30 in the manner just mentioned, involves
the control parameters have no differential
compensation (Kp=0) or no integration
compensation (K;=0) before the liquid met-
al is charged into the pipe line in the liquid
metal plant shown in Figures 1 and 2 or in
the case of the pipe lines 6a and 6b which do
not constitute the circulating loop shown in
Figure 2, and thus implies change of the
control algorithm in the on-line as well as
change of the control parameters.

On the other hand, when the liquid metal
is returned from the circulating loop to the
vessel 1 at the plant shut down, it is
performed through the valve 7 in Figure 1.
At this time, with progression of drain, the
control mode at the pipe line of the circulat-
ing loop is changed from the internal tem-
perature mode to the external temperature
mode, and the control mode at the vessel
portion from the internal control mode to
the external control mode. The switching of
the control mode is automatically made
through the control unit 30. The tempera-
ture control when the temperature falls may
be carried out in a similar manner of the
start of the liquid metal plant.

In the manner, the internal and the
external temperature controls may be
selected at each control point by the pre-
sence of the liquid metal. The control
parameters of the control algorithm may be
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selected optimum in accordance with the
plant characteristic variation resulting from
the change of the plant condition, and the
sampling control method is effective for the
control system including idle time. The
sampling period corresponding to the condi-
tion may be selected. Additionally, it may
be prevented that the pipe line or other

' components in the plant are locally and

excessively heated or cooled. Therefore,
uniform temperature control is possible.
Further, if the alarm control value are
updated by the control unit 30 when the
reference temperature Tref shifts, and the
updated one is applied to the temperature
control system and its limiting value is
compared with the plant condition, it is
possible to perform an alarm supervising in
accordance with the plant condition.

For the control signal mode ouputted
from the temperature control system and
the interface, a simple ON-OFF control, a
multistage ON/OFF control, or the like may
be used depending on means for heating the
heater. Note here that, in the present
invention, the deciding method for deciding
the control method, the control algorithm
and the control parameters are principally
invariable regardless of these control
means.

While the above-mentioned example re-
lates mainly to the liquid metal for the fast
breeder reactor, the present invention is
applicable for the temperature control of
the testing facilities using the liquid metal
other than the reactor, and to the tempera-
ture control of the plant using other liquid.
Additionally, the present invention may be
embodied in the following manner.

(1) In Figure 2, presence of the medium
is detected by detecting the medium level
change in the vessel. Instead of this, com-
bination of the valves shown in Figure 11 or
the indication of the flow rate detector 16
may be used for detecting the presence of
the medium. For example, the control unit
30 judges that valves 21 and 22 are open and
valves 23 and 24 are close. Under this
condition, if the medium flows in the pipe 25
in the direction of arrow, it is judged that
the medium presents in the valves 22 and 21.
The control unit 30 issues an instruction
reflecting this condition to the temperature
control system 17. In Figure 12 including
valves 26 and 27, and flow detectors 28 and
29, if the valve 26 is close, the valve 27 is
open and the meter 29 indicates a certain
value, it is judged that the medium flows
through the valve 27.

The combination of Figures 11 and 12 and
the indication of other detectors may be
used for the detection of the medium.

(2) In Figure 2, the indication of the
meter 16 in the vessel 1 is discrete, i.e. “17,
“2” and “3”. However, the indication may

be continuous.

(3) In the example mentioned above,
the temperature control system 17 and the
control unit 30 are separately provided;
however, these may be integrally con-
structed. In other words, the temperature
control and the plant condition are proces-
sed in a single processing unit. In the fast
breederr plant or the like having several
control points, it is difficult to control these
control points by using a single temperature
control system and risks in trouble occurr-
ence must be diversified. For this, these
control points are divided into several
groups and each of the groups is subjected
to the control of a temperature control
system. Further, the construction of the
temperature control system is simplified as
possible. In such a case, it is preferable to
install separately the temperature control
system and the control unit and to assign
several tens temperature control systems for
a single control unit. However, in the case
of relatively small number of control points,
it is preferable to unify these units.

The easily available apparatus for the
control unit is an electronic computer. The
computer is preferable in that the supervi-
sion of the operation schedule is easy and
the control information is easily and rapidly
decided and the like. Other suitable appar-
atuses may be used if they have the above-
mentioned function.

As described above, the present invention
uses the control unit, and various process
values other than the temperature sensors
are read into it. Further, the control infor-
mation corresponding to the plant condition
is decided from the process value. The
signals reflecting the control information are
applied to the control unit of the tempera-
ture control system to control the tempera-
ture of the liquid metal. Therefore, the
temperature control system according to the
present invention is able to optimumly
control temperature with a stable control
system, eliminating unevenness of the tem-
perature distribution.

WHAT WE CLAIM IS:-

1. A temperature control system for
liquid plants, comprising plant members
including a vessel for containing liquid, a
pipe line into which the liquid is introduced
from the vessel, at least one pump which is
connected to the pipe line and forces said
liquid to circulate through the pipe line and
a heat exchanger coupled with the pipe line,
a plurality of heaters which are provided
corresponding to the respective control
points of said plant members and which heat
said plant members at the respective control
points, and temperature sensors for detect-
ing the temperature of said liquid and said
plant members at the respective control
points, said temperature control system
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comprising detecting means for detecting a
process value representing the plant; a
temperature control means which receives
the output signals of said temperature sen-
sors, calculates at each control point the
difference between a reference temperature
and the temperature detected by said tem-
perature sensors, and determines the con-
trol value from the result of the calculation
to produce control signals for controlling
electric power being supplied to said respec-
tive heaters; a control unit which receives
the output signals from said detecting means
and the temperature sensors, selects a con-
trol information from a temperature control
schedule of the plant in accordance with the
temperature detected by the temperature
sensors and the process value detected by
said detecting means, and supplies said
temperature control means with the control
information determining the reference tem-
perature.

2. A temperature control system
according to claim 1, wherein said tempera-
ture sensors includes external temperature
sensors which are disposed around the outer
surface of said plant members to detect the
temperature of the plant members and
internal temperature sensors which are dis-
posed inside the plant members to detect
the temperature of the liquid therein; said
detecting means includes a detecting device
for detecting the presence or absence of
liquid at the respective control points of said
plant members; said control unit selects a
control information from the temperature
control schedule in accordance with the
output signals of the detecting device which
represent the presence or absence of liquid
at the respective control points of said plant
members and supplies the control informa-
tion to said temperature control means, said
control information instructing that one of
the external and internal temperature
should be sampled at respective control
points; and said temperature control means
determines control values for the respective
control points in accordance with the con-
trol informaton and the temperature de-
tected by the internal or external tempera-
ture sensors.

3. A temperature control system
according to claim 1, wherein said detecting
means includes a flow rate measuring device
provided on the pipe line and level meters
provided on said vessel.

4. A temperature control system
according to claim 1, wherein said detecting
means includes a flow rate measuring device
for measuring the flow rate of the liquid in
said pipe line; said control unit determines a
control information including a control

manner instructing change of the relation-
ship between the control points of said
temperature sensors and the control points
of said heaters, in accordance with the flow
rate of the liquid detected by the flow rate
measuring device and the presence or abs-
ence of liquid; and said temperature control
means controls heaters by means of the
control information determined by said con-
trol units.

5. A temperature control system
according to claim 1, wherein said detecting
means includes a device for measuring the
flow rate of the liquid in said vessel, and said
control unit selects a control information
including control variables in accordance
with the flow rate of the liquid and tansfers
the control variables to said temperature
control means.

6. A temperature control system
according to claim 1, wherein said liquid is
liquid metal.

7. A temperature control system
according to claim 1, further comprising an
interface electrically connected between
said heaters and said temperature control
means for receiving control signals from said
temperature control means and controlling
electric power to be supplied to said respec-
tive heaters.

8. A temperature control system
according to claim 1, wherein said tempera-
ture control means comprises a plurality of
temperature control apparatus, and said
control unit supplies the control information
to each of the temperature control appar-
atus.

9. A temperature control system
according to claim 1, wherein said detecting
means includes a valve connected to said
pipe line for detecting the presence of the
liquid.

10. A temperature control system
according to claim 1, wherein said pipe line,
pump and heat exchanger constitute a liquid
circulating path.

11. A temperature control system
according to claim 1, wherein said control
unit detects whether one of the temperature
difference between the control points of said
plant members, the difference between the
reference temperature and the temperature
detected at each control point and the rate
of temperature change at each control point
is within a permissible range of deviation,
supplies said temperature control means
with a control information for stopping the
updating the reference temperature given
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by the temperature control schedule when
said values deviate outside the permissible
range, and supplies said temperature con-
trol means with a control information for
updating the reference temperature when
said values come within the permissible
range of deviation.

12. A temperature control system for
liquid metal plant, substantially as hereinbe-
fore described with reference to the accom-
panying drawings.

MARKS & CLERK
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