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[57] ABSTRACT 

In a neutron detector connected by a cable with a cur-
rent amplifier for the signal based on (n,e)-processes, 
any change in the insulation resistance of the cable is 
monitored by means of an a-c voltage which is super-
imposed on the offset voltage of the amplifier. The re-
sistance-dependent a-c variable at the output of the 
amplifier, is used to make a limit indicator respond via 
a connected filter. The invention is of importance par-
ticularly for monitoring the internal core instrumenta-
tion of pressurized-water reactors. 

4 Claims, 5 Drawing Figures 
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NEUTRON DETECTOR CABLE MONITORING 

BACKGROUND OF THE INVENTION 
This invention concerns a neutron detector having a 5 

current amplifier for the signal which is based on (n,e)-
processes. Such detectors, which may have, for in-
stance, cobalt or thulium as the activatable emitter 
materia] and are provided with a concentric collector 
of Inconel, are employed particularly in the so-called 1 0 

"internal core instrumentation" of pressurized-water 
reactors. Among other things, they serve to monitor the 
neutron flux density in the core, so that, for instance, in 
the event of unusual flux changes, a scram action can 
be initiated for the nuclear reactor. In this context, they 1 5 

therefore constitute an important member of the reac-
tor safety system. From this, it follows that the reliabil-
ity of such neutron detectors should be monitored. 

As the current of a neutron detector proportional to 
the neutron flux is only fractions of a microampere, 2 0 

each signal must be processed in a current amplifier for 
subsequent evaluation. The amplifier is connected with 
the neutron detector, i.e., with its emitter and collector, 
via cables which lead into the interior of the reactor 
pressure vessel. These cables are subjected to high 25 
temperatures, high pressures and, in addition, to radia-
tion influences. Their insulation resistance can suffer 
from this, whereby the signal of the neutron detector is 
falsified. 

While it is theoretically possible to ascertain the in- 3 0 

ternal resistance of the cables by means of an ohmme-
ter, each cable must be disconnected from its detector 
for this purpose, and connected to the ohmmeter. This 
results not only in an interruption in the operation of 
the reactor, but also in generally undesirable costs. In 3 5 

view of the high desired insulation resistance, it is fur-
thermore difficult to ascertain when the small tolerable 
insulation changes are reached. This invention, there-
fore, seeks a new approach to ensure the reliability of 
the measurements obtained with the neutron detectors. 4 0 

SUMMARY OF THE INVENTION 
According to the invention, the input offset voltage 

of the current amplifier is modulated with a low-fre-
quency a-c voltage, and a filter which feeds a limit 4 5 

indicator is associated with the output of the opera-
tional amplifier. 

In current amplifiers, the input offset voltage is 
caused, as is well known, by the unavoidable asymme-
tries in the interior of the amplifier. Involved here is a 50 
d-c voltage with a typical value of, say, 1 mV, which 
can be balanced to zero by means of a potentiometer. 
If, in accordance with this invention, a low-frequency 
a-c voltage is superimposed on the offset voltage, the 
insulation resistance, which co-determines the output 5 5 

signal, of the cable and the neutron detector connected 
to the input of the current amplifier, can be measured 
thereby. The modulation has no effect, however, on the 
measurement of the current proportional to the neu-
tron flux as long as the insulation resistance is normal, 6 0 

as the a-c voltage appears at the output of the amplifier 
only when the insulation resistance has dropped off. 
The monitoring of the insulation resistance can there-
fore take place continually and without interference 
with the normal operation. 65 

The invention is preferably realized with a sinusoidal 
a-c voltage. For one, such voltages are easy to generate 
and transmit and, on the other hand, other voltage 

,079 3 

waveforms would contain components of higher fre-
quency which are not necessary and are undesirable as 
the cable capacity represents a low impedance for high 
frequencies. Theoretically, however, it is also possible 
to operate with voltages similar to a sinusoidal voltage, 
e.g., with trapezoidal or triangular voltages whose fun-
damental is so large that the harmonics can practically 
be ignored. 

As tests have shown, the a-c voltage may advanta-
geously have a frequency between 10 and 100 Hz. One 
can therefore definitely use voltages with the common 
line frequencies of 50 or 60 Hz, which are available 
anywhere. 

Although the supervision according to the invention 
operates with an a-c voltage, so that the signal that can 
be taken off at the output of the amplifier is likewise an 
a-c variable which can advantageously be differenti-
ated easily from the d-c signal of the neutron flow, by 
means of a filter, a rectifier may be connected in series 
with a limit indicator for the a-c voltage supplied by the 
filter. The limit indicator can then be equipped with 
flipflops which can be controlled by d-c current or 
voltage, with Zener diodes, or the like. 

One particularly advantageous embodiment of the 
invention is characterized by the feature that two cur-
rent amplifiers are associated with a neutron detector 
having a cable providing an emitter line and a compen-
sation line, in such a manner that any difference of the 
output signals is formed, and that the modulation volt-
ages of the two amplifiers are of opposite phase. With 
such an arrangement, it is possible to monitor simulta-
neously the resistance of the emitter against chassis 
ground, the resistance of the compensation line against 
chassis ground and the resistance between the emitter 
and the compensation line including the measuring 
lines associated with the emitter, the compensation line 
and chassis. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings, the various figures 

are as follows: 
FIG. 1 schematically shows the principal of the in-

vention as applied to a pressurized-water reactor; 
FIG. 2 diagrammatically shows the principal as ap-

plied in the case of a number of detectors such as would 
normally be distributed in a reactor core; 

FIG. 3 diagrammatically shows an example of a sys-
tem that has proven to be operative; and 

FIG. 4 graphically shows the interrelation between 
the amplifier output and the cable insulation resistance. 

DETAILED DESCRIPTION OF THE INVENTION 
In FIG. 1, the reactor pressure vessel of a press-

urizedwater power reactor for, say, 1200 MWe, en-
closes a reactor core 2, which is composed, in a manner 
known per se, of fuel assemblies. There, so-called inter-
nal core instrumentation is arranged, by means of 
which particularly the neutron flux density inside the 
reactor core 2 is monitored. This purpose is served by 
a neutron detector 3, which may be, for instance, of the 
type described in the journal "Nuclear Engineering 
International," May, 1973, pages 421 to 425. The neu-
tron detector 3 is connected with suitable evaluation 
equipments via a mineral-insulated cable 4. This has a 
metal sheath containing two conductors insulated from 
the sheath by mineral or ceramic material. The length 
of the mineral-insulated cable 4 up to the junction S 
outside the reactor pressure vessel 1, is about 10 m. At 
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the junction 5, i.e., behind the tight feed-through 
through the wall of the reactor pressure vessel 1, a 
flexible cable 6 is connected, whose length is about 150 
m. This cable leads to an amplifier 8, which delivers at 
the output 9 a signal usable for evaluation of the core's 5 

flux density. 
The current amplifier 8 is provided with a monitoring 

unit 10. The latter supplies an a-c voltage superim-
posed on the offset voltage for the amplifier 8, of 24 V, 
50 Hz, via the line 12 to one input of the amplifier 8. 10 
Depending on the magnitude of the insulation resis-
tance of the neutron detector 3 including the cable 4 
and flexible line 6, this voltage generates a fault signal 
that appears at an output line 15. 

In FIG. 2 the reactor core 2 is indicated simplified by 1 5 

the borders shown by the dashed lines. In it, six probes 
3a, 3b, 3c, 3d, 3e, 3 / are arranged, distributed over 
different height positions in the core 2. The probes, 
which allow a neutron flux measurement based on 
(n,e)-processes to be made, are connected via parallel- 2 0 

running, ceramically-insulated cables 5a to 5 / and the 
flexible cables 6a to 6 / which follow and are installed 
outside the reactor pressure vessel 1, connecting with 
the parallel amplifiers 8a to 8/. 

The amplifiers 8a to 8 / are operational amplifiers 2 5 

connected as current amplifiers which supply, via the 
lines 9a to 9f, the useful signals which corresponds to 
the neutron flux and are used in a suitable manner, e.g., 
to control the reactor power. On the operational ampli-
fiers 8a to 8a is superimposed in parallel, via the line 3 0 

12, a modulation voltage which is supplied by an oscil-
lator 17 if a frequency, deviating from the normal line 
frequency, is desired. This supply maybe a sinusoidal 
a-c voltage of 40 Hz, and is superimposed on the offset 
voltage of the operational amplifiers. The monitoring 3 5 

unit 10 includes for each of the current amplifiers, limit 
indicators 18a to 18/, each of which is connected via a 
capacitor 19 and a semiconductor rectifier 20. The 
capacitor 19 acts here as a filter. It takes care that the 
monitoring unit 10 does not have an adverse effect on 4 0 

the useful signal supplied as a d-c quantity, but is con-
trolled only by a-c variables which indicate the insula-
tion resistance. 

The output of the limit indicators 18a to 18/ can be 
used to give a fault alarm via the lines 15a to 15/, in the 4 5 

case that the insulation resistance of a neutron detector 
3a to 3 / no longer has the desired high value. It should 
be noted in this connection that the input resistance of 
the current amplifiers is about 103 ohm for the usual 
measuring range of 1 X 10~6A. Thus, it is still possible 5 0 

to determine, without adverse effect on the measure-
ment, changes of the insulation resistance of neutron 
detectors if the changes are in the range of 10® ohm. 
With resistance values as high as this, the useful signal 
of the neutron detectors is practically still completely 5 5 

unfalsified. Thus, it is possible to monitor the operating 
reliability of the neutron detectors 3a to 3/, making an 
undetected failure and errors in the control or supervi-
sion of the reactor core triggered thereby, impossible. 

FIG. 3 shows in further detail a proven embodiment 6 0 

example of the invention in the case of a single neutron 
detector 3. The latter is represented in FIG. 3 by its 
equivalent circuit, in which also the cable 4 and the line 
5 are included. The neutron detector 3 therefore in-
cludes one variable voltage source, connected to 6 5 

ground, each for the emitter, 31, and for a compensa-
tion line 32, which are connected with the cable 4 via 
a resistor 33, 34 of 107 ohm in each instance. The ca-

pacity of the arrangement to chassis ground is indicated 
by the capacitors 35 and 36 of 10 nF each, while the 
insulating resistance of the emitter line 40 to ground, 
the compensation line 41 against ground, and between 
the emitter line 40 and the compensation line 41, which 
is important for the invention, is shown by the resistors 
37, 38 and 39. Its value can drop from maximally about 
109 ohm to practically zero. 

The amplifier 8 and the monitoring unit 10' following 
the former, with limit indicator 18 arranged outside the 
monitoring unit, are supplied from a power supply 44. 
Part of this is a transformer 45, which steps down the 
line voltage of 220 V, 50 Hz, for a rectifier 46, which 
supplies ±24 V to supply the current amplifier 8, the 
monitoring unit 10' and the limit indicator 18. The 
transformer 45 also supplies the line 12 with a sinusoi-
dal a-c voltage of 24 V, 50 Hz. 

The difference-current amplifier, designated as a 
whole with 8, comprises in the embodiment example of 
FIG. 3 two equal, known operational amplifiers 48 and 
49, which are used as current amplifiers and are indi-
cated in simplified form, with an open-loop gain of 105, 
of which the one is associated with the emitter line 40 
and the other with the compensation line 41. The offset 
voltage of the operational amplifiers 48, 49 can be 
adjusted via potentiometers 50, 51 acting as variable 
resistors. Shunted across the potentiometers 50, 51 are 
two setting potentiometers 52, 53 of 200 kohm, via 
which the offset voltage of the operational amplifier 48, 
49 is modulated with an a-c voltage. For this purpose, 
the center taps of the setting potentiometers 52, 53 are 
connected with the a-c line 12 via two series resistors 
55,56 of 1 megohm, and two capacitors 57, 58 of 1 
microfarad, which are associated with the monitoring 
unit 10'. 

The outputs of the operational amplifiers 48, 49 are 
connected together in a difference amplifier 60 in such 
a manner that the difference of the output signals is 
formed. One thereby obtains, first, the measured value 
of the neutron detector 3 without any falsifying influ-
ence of the measuring lines, which is cancelled by 
means of the compensation line 41. On the other hand, 
the modulated voltages of the operational amplifiers 
48, 49 appear with opposite phase due to the connec-
tion of the setting resistors 52,53. Thus the influence of 
a possibly decreasing insulation resistance 37, for in-
stance, of the emitter line 40 results as a positive quan-
tity, that of the insulation resistance 38 of the compen-
sation line 41 as a negative quantity, and that of the 
insulation resistance 39 as the scalar sum of the positive 
and negative quantities, these quantities, serving as 
fault signals, further being superimposed on the useful 
signal, i.e., the d-c quantity characterizing the neutron 
flux. 

By means of the highpass filter, which is formed by 
the capacitor 19 with its capacity of 1 microfarad and 
a shunt resistor 62 of 10 kohm, the resultant modulated 
voltage is separated from the useful signal and rectified 
in the rectifier 20. The following lowpass filter 63 with 
a resistor 64 of 100 kohm and a capacitor 65 of 10 
microfarad, which is shunted by a resistor 66 of 820 
kohm, by smoothing the rectified signal, prevents a 
rapid change of the useful signal which might be inter-
preted as a fault signal. 

The lowpass filter 63 feeds an impedance trans-
former 68. From the latter, the fault signal is fed to a 
measuring range switch 69 which is mounted in the 
monitoring unit 10' and allows the measurement of the 
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voltage magnitude of the fault signal by means of a 
voltmeter 70 of a measuring device 71, in three mea-
suring ranges. The measuring ranges are arranged for 0 
to 1 V, 0 to 10 V and 0 to 20 V by means of the series 
resistors 73, 74 and 75 of 25, 10 and 5 kohm respec-
tively. 

The measuring device 71 contains a second voltme-
ter 77. With this, the useful signal, i.e., the magnitude 
of a voltage corresponding to the neutron flux, can be 
measured. A switch 78 which is associated with this 
voltmeter and which is mounted in the monitoring unit 
10', permits the polarity of the voltmeter 77 to be re-
versed with respect to the output of the difference 
amplifier 60. 

From the impedance transformer 68, the fault signal 
gets not only to the measuring range switch 69, but at 
the same time also to the limit indicator 18. The latter 
comprises a comparator 80, which is connected via the 
two resistors 81 and 82 of 10 kohm each, between 
which a Zener diode 83 and a capacitor 84 of 10 micro-
farad are connected to ground. The comparator 80 is 
further connected via a potentiometer 85 of 5 Kohm 
and a fixed resistor 86 of 10 Kohm with the one pole of 
the output line 15. Here, a Zener diode 88 shunted by 
a capacitor 89 of 0.68 microfarad to ground is provided 
ahead of a resistor 87 of 1 Kohm. The other pole of the 
output line 15 is likewise fed via a resistor 90 of 1 
Kohm behind the parallel circuit to ground, consisting 
of a Zener diode 91 and a capacitor 92 of 0.68 micro-
farad. 

An output stage 94 following the comparator 80 
feeds, depending on the magnitude of the fault signal, 
either a red alarm lamp 95 or a green indicator lamp 
96, which tells that the monitoring device 10' is operat-
ing. In addition to this visual indication, a transmitter 
for an acoustical warning signal can be connected to 
the line 15, or also a switch which, in the case of two 
high a fault signal, i.e., too low an insulation resistance 
of the neutron detector 3, automatically blocks the use 
of the useful signal. 

In FIG. 4, the interrelation between the output volt-
age of the operational amplifier 8 and the insulation 
resistance (37, 38, 39) of the neutron detector 3 is 
shown simplified in a rectangular coordinate system, 
the fault signal on the line 15 being plotted along the 
abscissa versus the ordinate used as the time axis. Here, 
the insulation resistance is varied in three steps (1012 to 
107 ohm, 10 5 ohm;0ohm) for a perid each of the mod-
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ulation voltage, for the same neutron flux. From this it 
is seen that up to an insulation resistance of 107 ohm, 
the useful signal is reproduced practically unfalsified, 
while at I05 ohm an unequivocal determination of the 

5 fault condition is possible, while the d-c voltage value 
(mean value) characteristic of the useful signal does 
not become completely unusable. The square-wave 
curve for the zero value of the insulation resistance is a 
calculated (theoretical) limit value, which clearly dem-

1 0 onstrates the possibility of monitoring by means of the 
a-c voltage modulation according to the invention. 

FIG. 5 shows the neutron detector 3 and the connect-
ing cable 4 in its physical form. The lines 40 and 41 are 
to be connected to the current amplifier 8 in FIG. 3 in 

1 5 the same way as is shown there with the equivalent 
circuit for detector 3 and cable 4. The sheath of the 
physical cable 4 is grounded. 

What is claimed is: 
1. A neutron detector arrangement comprising a 

2 0 neutron detector of the (n, e) process type, and a sys-
tem comprising an operational current amplifier having 
an input and an input offset voltage adjustment circuit, 

. a cable containing a conductor and insulation for the 
2 5 conductor, said cable connecting said detector to said 

input, a source of A-C current, connecting means for 
connecting said source to said circuit, said amplifier 
having an output, a cable insulation resistance-limit 
indicator, and filter means for filtering A-C current 

3 0 from said output and connecting the filtered output to 
said limit-indicator. 

2. The neutron detector arrangement of claim 1 in 
which said source is a source of A-C current having a 
frequency of between 10 and 100 Hz. 

3. The neutron detector arrangement of claim 1 in 
which said filter means is followed by a rectifier so that 
pulses are provided to said indicator. 

4. The neutron detecting system of claim 1 in which 
said cable contains a compensating conductor con-

40 nected to a second system corresponding to the afore-
said system but with said connecting means reversed so 
that the adjustment circuit of the corresponding ampli-
fier of this second system is connected to said source 
oppositely phased relative to the connection thereto of 

4 5 the aforesaid adjustment circuit of said amplifier of the 
first-named system, means being provided for obtaining 
any difference between the outputs of the two said 
amplifiers. 

* * * * * 
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