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(71) W e , THE NUCLEAR POWER 
GROUP LIMITED, a British Company, of 
Knutsford, in the County of Chester, do 
hereby declare the invention, for which we 

5 pray that a patent may be granted to us, 
and the method by which it is to be per-
formed, to be particularly described in 
and by the following statement: — 

THIS I N V E N T I O N relates to nuclear 
10 reactors of the kind in which nuclear fuel 

is located in a plurality of channels or bores 
in a neutron moderator core of the re-
actor. 

It is important to detect as quickly as 
15 possible any overheating of the nuclear fuel 

in the reactor, and to this end it is com-
mon practice to locate thermocouples in 
each fuel containing channel and to moni-
tor the temperature of each channel. In 

20 large reactors for power station use, the 
number of fuel channels may be of the 
order of 300 or more and whilst it is a 
simple matter to locate a thermocouple 
in each channel it is expensive to provide 

25 reactor protection equipment responsive to 
each channel. For example, a number of 
reactor trip units may be operated in re-
sponse to the temperature in one or more 
channels to shut-down the reactor in the 

30 event of serious overheating. Such trip 
units are expensive and to have one trip 
unit for each channel is not practicable. 
On the other hand where a single trip 
unit, allocated to a particular channel, is 

35 intended to serve a number of surround-
ing channels not provided with thermo-
couples or trip units, there is inevitably a 
risk involved in ensuring that the monitored 
channel reflects adequately the state of 

40 its surrounding channels for all fault con-
ditions. 

The present invention consists in a 
monitoring system for monitoring the volt-
age outputs of a plurality of thermocouples 

45 located in the fuel containing channels of 
[Price 25p] 

a nuclear reactor, any of which outputs 
may be required to initiate the operation 
of protection equipment in response to the 
temperature, or rate of change of tempera-
ture, in the channel in which it is situated, 50 
comprising means for scanning the outputs 
of a group of thermocouples and detect-
ing the output corresponding to the 
channel having the highest temperature, 
that output, or a signal representative of 55 
that output, being coupled alone to a cir-
cuit or circuits common to the group of 
thermocouples and capable of monitoring 
the temperature corresponding to the de-
tected output and initiating the operation 60 
of protection equipment. 

In a typical case a reactor having fuel 
channels is divided into five sectors, four 
peripheral and one central, each sector be-
ing divided into four groups of, say, 15 75 
fuel channels. The invention will now be 
further described by way of example in 
its application to such an arrangement 
with reference to the accompanying draw-
ings, of which: — 70 

Figure 1 shows a block diagram of a 
circuit arrangement for monitoring fuel 
channel temperature and controlling a re-
actor trip unit in accordance with one-
form of the present invention; <55 

Figure 2 shows a similar block diagram 
to that shown in Figure 1 of a circuit 
arrangement in accordance with an alterna-
tive form of the invention; and 

Figure 3 shows a similar block diagram 80' 
to those shown in Figures 1 and 2 of a 
circuit arrangement in accordance with a 
further form of the invention. 

Referring first to Figure 1, each thermo-
couple T of 15 thermocouples in the 85 
channels forming a group to be monitored 
is connected to a pair of direct coupled 
(hereinafter abbreviated 'd-c') amplifiers: 
L, the outputs of which are summed. A 
pair of amplifiers L are required for each 90 
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thermocouple, the outputs of each pair be-
ing summed by resistors R. In the event of 
failure of one amplifier of a pair, a marked 
change of voltage will be produced at the 

5 junction S, the Level Detector 2 will be 
triggered to indicate failure of the 
amplifier chain. 

The amplifiers L produce a further in-
put to Level Detector 1, there being a 

gins to overheat due to defective opera-
tions will provide the highest tempera-
tures in a number of consecutive sweeps 
and initiate tripping if necessary. The 
period of the sweep voltage is short enough 70 
to prevent any serious overheating before 
protection gear is operated. 

The purpose of Lever Detector 3 is to 
operate an alarm in the event of m al-

io Level Detector 1 provided for each pair function of the Ramp Generator, 
of amplifiers L to monitor the associated 
thermocouple. 

The trigged point of Level Detector 1 is 
governed by a reference voltage from a 

15 Ramp Generator shown at the bottom of 
Figure 1. 

When the reactor being monitored is in 
operation, the estimated temperature range 
for a group of channels lies between ex-

20 tremes of, say 650°C and 30"C. For this 
range, a suitable voltage from the ramp 
generator would be a decending ramp 
voltage falling from an upper limit eor-

75 

25 
responding to a temperature of, say, 700=0 

ramp 

35 

to a lower limit of 30°C, this 
voltage being repeatedly applied at inter-
vals of, say, one half second. 

If the temperature of one of the fifteen 
channels being monitored exceeds by, say, 

30 io°C the temperature of any of the ether 
channels, the voltage from the thermo-
couple in that chsnne! will be the nr-t 
to be matched by the falling reference 
voltage, and the Level Detector 1 associated 
with the channel will be the first to give a:; 
output signal. The output from Level De-
tector 1 is applied to a Setting Gats (net 
shown) which locks out the remaining 14 
Level Detectors 1 of the group until the 

40 next sweep of the Ramp Generator. The 
output from Level Detector 1 also activates 
a Relay Amplifier (not shown) which 
closes the switches C to connect the 
thermocouple reading the highest tem-

45 perature of the group of channels to a 
Trip Output circuit, where either the tem-
perature level of the thermocouple, or its 
rate of temperature rise determined from 
readings in successive ramp generator 

50 sweeps, may be arranged to cause tripping 
mechanism for the reactor to be brought 
into operation. The output from Level 
Detector 1 may also provide a signal de-
noting precisely which channel within the 

55 group of 15 is giving the highest tempera-
ture reading, both when the tripping 
mechanism is required to operate and also 
when the temperature is not at a danger-
ous level or changing at a dangerous rate. 

60 During each sweep of the ramp re-
ference voltage the channel with the 
highest temperature is detected. Whilst 
the consecutive highest temperature de-
tected by the system may be from diffrent 

65 channels, in general a channel which be-

Whilst Level Detectors 1 and 2 and a 
pair of amplifiers L are required for each 
thermocouple, only one Trip Output 
circuit, Ramp Generator circuit and Level 
Detector 3 circuit is required for the group 80 
of channels. It is thus possible to monitor 
each channel temperature effectively by 
protection devices serving groups of 
channels. 

In the alternative embodiment of the 85 
invention shown in Figure 2, which again 
shows a block circuit diagram for a com-
mon protection system applied to 15 
reactor channels, by way of example, the 
output from each thermocouple in turn 
is fed to a Scanner circuit and then via an 
In put circuit including chopper isolators 
to a Peak Detector circuit, followed by a 
Pulse Amplifier. 

The Peak Detector produces an output 
pu'se during every scan of the group of 15 
thermocouple voltages which is coincident 
with the highest voltage in the group being 
scanned. The particular thermocouple hav-
ing the highest voltage is identified by 
means of a Sequence Indicator circuit and 
the Counter/Decoder (A) which passes to 
the 'AND' gate'G' a signal corresponding 
to each thermocouple voltage is scanned. 
The Peak Detector output is also fed to 
gate G, which transmits an input signal to 
SELECTOR circuit only when the pulse 
from the Peak Detector due to the highest 
thermocouple voltage and the particular 
identifying signal for that thermocouple , i q 
from the counter/Decoder (A) appears at 
the gate simultaneously. The Selector 
circuit, on receiving an input signal, 
operates to connect the identified thermo-
couple having the highest temperature to 
a Trip Circuit, (not shown), which may 1 1 5 

bring tripping mechanism in the reactor 
into operation, if required, in a similar 
manner to that described for the previous 
embodiment. 

Timing of the Counter/Decoder (A) 
circuit and the control of the signals fed 
to the Peak Detector from Scanner is 
controlled by an Oscillator and Counter/ 
Decoder (B) circuit, as indicated. 

The arrangement thus permits tempera-
ture supervision of a group of fuel element 
channels by supervisory circuits, none of 
which circuits requires to be repeated for 
each channel. That is to say, in the example 130 
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considered for monitoring 15 channels, 
only one Scanner circuit, Counter/Decoder 
(A), Peak Detector, etc., is required for all 
15 thermocouple outputs. The complete 

5 scanning cycle may be repeated at intervals 
of say, every 100 milliseconds, ensuring 
that successive readings of the temperature 
of a channel which is rising at a dangerous 
rate, can effect initiation of tripping devices 

10 in the reactor within an adequately safe 
period. 

Referring to Figure 3, the final embodi-
ment of the invention to be described com-
prises an Input System comprising a d-c 

15 amplifier, and an Isolating System for each 
of the thermocouple voltages being 
monitored, 15 channels again being con-
sidered by way of example. The isolating 
system stabilises the associated thermo-

20 couple output voltage against drift by 
means of a synchronous chopper and de-
modulator, the stabilised outputs from all 
15 thermocouples then being connected to 
a Perfect Diode Network, as shown. 

25 The Perfect Diode network essentially 
comprises a common output rail to which 
each thermocouple output is connected 
by way of diode rectifier device, preferably 
of the semiconductor type. Such networks 

30 are known in the art, and include means 
to compensate for forward voltage drop 
across each rectifier device when it is con-
ducting. The compensating means may 
comprise, for example, one or more d-c 

35 amplifiers, and effectively cause each diode 
to operate in a perfect manner, in such a 
network, the voltage on the output rail is 
equal to the largest of the individual input 
voltages, since the diodes associated with 

40 the lower voltage inputs become reverse 
biassed and are consequently non-
conducting. 

The output rail voltage thus corresponds 
directly to the thermocouple voltage for 

45 the channel having the highest temperature 
in the group, and is connected to monitor-
ing, tripping and alarm circuits as outlined 
in the previous embodiments. 

50 WHAT WE CLAIM: — 
1. A monitoring system for monitoring 

the voltage outputs of a plurality of 
thermocouples located in the fuel contain-
ing channels of a nuclear reactor, any of 

55 which outputs may be required to initiate 
the operation of protection equipment in 
response to the temperature, or rate of 
change of temparature, in the channel in 

which it is situated, comprising means for 
scanning the outputs of a group of thermo- 60 
couples and detecting the output cor-
responding to the channel having the 
highest temperature, that output, or a 
signal representative of that output being 
coupled alone to a circuit or circuits com- 65 
mon to the group of thermocouples and 
capable of of monitoring the temperature 
corresponding to the detected output and 
initiating the operation of protection equip-
ment. 70 

2. A monitoring system in accordance 
with Claim 1, in which the output voltages 
of a group of thermocouples are con-
tinuously compared with a reference voltage 
which varies in magnitude between pre- 75 
determined values in a repetitive manner 
whereby the channel with the highest 
temperature is identified in each cycle of 
the reference voltage. 

3. A monitoring system in accordance 80 
with Claim 1, in which the outputs from 
a group of thermocouples are sequentially 
scanned and signals corresponding to their 
voltage amplitudes are applied to a circuit 
capable of producing an output pulse 85 
during each scan of the group which is 
coincident with the highest temperature 
thermocouple in the group being scanned, 
further circuit means being provided which, 
in association with control circuitry for 90 
the scanning operation serve to identify 
the thermocouple in the group having the 
highest temparature. 

4. A monitoring system in accordance 
with Claim 1, in which the outputs from 95 
a group of thermocouples are each 
amplified and connected by way of a net-
work to a common line, the network 
comprising element whereby the resultant 
common line voltage is held equal to the 100 
highest voltage input to the network and 
thus corresponds with the thermocouple in 
the group having the highest temperature. 

5. A monitoring system in accordance 
with Claim 4, in which elements of the 105 
network comprise diode rectifying devices. 

6. Monitoring systems for monitoring 
the temperatures of fuel element containing 
channels in nuclear reactors substantially 
as described with reference to any of the 110 
accompanying drawings. 
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