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ABSTRACT

The ratio between the output signals of a pair of reactor safety channels is monitored. When ratio falls outside of a predetermined range, it indicates that one or
more of the safety channels has malfunctioned.
3 Claims, 2 Drawing Figures

S.

Patent

sept. 7,1976

o

sheet 1 of 2

3,979,256

U.S.

Patent

s e p t. 7,1976

sheet 2 of 2

3,979,256

cc

Iac

>w

O
e>
3

o
o

(0

CC

to

CD U J

a

-1
0
Q
rr
z 1—
< z
0
0

ro

10
ro

P
3 5

ens

ro
ro

[\]
cc

a:
UJ

UJ
U_
U-

_J

CM
K)

Ll. ,

CL
CD 2
<

•H

kl
cc

a:
Ul

UJ

0 u_
5
3- J 1 CL

0
0

ID
OJ

N»
OJ

u . _j
a.
2
<

N

(M
OJ

cr:

ac

O
H
O
UJ
H
Ui
a

o
to
UJ
K '
U
Q

cr
o
1 o
<

LU

cr

evil

<fr
OJ

3,979,256
1
MONITORING CIRCUIT FOR REACTOR SAFETY
SYSTEMS
rAMTD A m m r.DWMN, o n r u e i\T\/nMTin\i
CONTRACTUAL ORIGIN OF THE INVENTION

5

2
as both of the channels are operating satisfactorily, the
ratio between the output signals from the channels will
remain substantially constant over a wide dynamic
ran e
8 - The control signal is monitored by a comparator
d r c u i t a n d in t h e e v e n t o f a fai,ure in Qne o r b o t h o f

The invention described herein was made in the
the channels, the deviation of the control signal from
course of, or under, a contract with the UNITED
the prescribed limits will be detected by the comparaSTATES ATOMIC ENERGY COMMISSION.
tor circuit and an alarm signal will be developed. This
a l a r m si nal c a n b e u s e d t o alert t h e
§
reactor operating
D . r „ r l ) n ,
T „ c i\r\/cMTinM
BACKGROUND OF THE INVENTION
1 0 p e r s o n n e l o r t o s h u t d o w n t h e r e a c t 0 T a u t o m atically, as
A continuous effort is being made to provide indesired,
creased safety in the operation of nuclear power plants.
,,Dlrrr[rw
„ „ „ _ D . ,.,IM„e
DDrcc
BRIEF
Standards have been established which require basic
DESCRIPTION OF THE DRAWINGS
reactor control circuits to meet single-failure fail-safe
FIG. 1 is a block diagram of the prior art;
criteria. This means that any single failure of any com- 1 5
FIG. 2 is a diagrammatic representation of the preponent should either shut down the reactor or not sigsent invention which consists of a block diagram of the
nificantly affect the operation of the safety channel.
circuit used in carrying out the invention.
The growing complexity and cost of reactor installa.„
n c p m m T i n v o c -rue n n / c w T i n M
tions and operations make it imperative that safety
DETAILED DESCRIPTION OF THE INVENTION
monitoring systems work reliably at all stages and levels 2 0
As shown in FIG. 1, a pair of neutron detectors 11
of reactor operation. With the advent of larger reactors
and 13 are positioned in reactor 10 to measure the
and electric-power-generating nuclear reactors, it has
neutron flux therein. The outputs from detectors 11
become important that the reactor not be shut down as
and 13 are coupled to failure detection circuit 15 which
long as it is in a safe condition; that is, in the event of
acts to detect abnormal values of neutron flux in the
some instrument failure which does not affect reactor 2 5 reactor and develop control signals in response to absafety, it is important that the reactor continue to run
normal values of neutron flux. The control signals are
normally. Schemes such as redundancy, automatic
coupled to other circuits and mechanisms (for examself-checking and others have been used to implement
pie, control rod actuator 18) to shut down or otherwise
these requirements.
change the operation of the reactor. The failure detecOne of the methods used to insure the safe operation 3 0 tion circuit 15 may include circuit redundance, voting
of the reactor has been to use coincident trip circuits.
schemes, automatic self-checking and other features to
Several identical channels (typically at least three) are
minimize the chance of reactor shutdown because of a
provided, and at least two of the three channels must
failure in the monitoring circuitry when the reactor was
indicate a reactor malfunction or unsafe condition
in a safe operating condition.
before the reactor is shut down. The redundancy of this 3 5
None of the safety systems which have previously
system provides additional safety. It also provides the
been used have provided for satisfactory continuous
possibility of removing one of the safety channels from
monitoring of the safety instrumentation over the enthe system for on-line testing at periodic intervals. By
tire operating range of the reactor, including startup,
requiring that at least two of the three channels indiintermediate power or full power. In the continuous
cate a coincident reactor malfunction or unsafe condi- 4 0 reactor monitoring system of this invention it is astion, the probability of a shutdown when the reactor
sumed that the entire reactor behaves as a unit; that is,
was, in fact, in a safe condition is reduced significantly.
the signals from radiation detectors (or other instruIf there are two undetected failures in separate chanments) located at different positions in the reactor will
nels and a reactor fault occurs at the same time, the two
track to a satisfactory degree over the operating range
out of three voting technique would reduce the over-all 4 5 of the reactor. Thus if a ratio is taken between any pair
safety of the reactor, as it would not be protected
of radiation detector outputs, this ratio will remain
against this unsafe condition. The reactor might fail to
substantially constant over the operating range of the
shut down when safety requires that it be shut down or
reactor.
there may be a shutdown of the reactor when, in fact,
Referring again to FIG. 1, the outputs from neutron
there was no failure in the reactor but the failure oc- 5 0 detectors 11 and 13 are coupled to the division circuit
curred in the safety channels. Also, if one of the safety
17 through amplifier circuits 14 and 16. Division circhannels were removed from the reactor for testing,
cuit 17 develops an output signal which is proportional
the safety of the system is reduced.
to the ratio of the signals from detectors 11 and 13.
It is therefore an object of this invention to provide
This signal from division circuit 17 is compared to
an improved monitoring circuit for nuclear reactor 5 5 reference signals in comparator 19 to develop an alarm
safety channels.
signal when the ratio signal is outside a given range.
Another object of this invention is to provide a cirThe alarm.signal is coupled to logic and control circuit
cuit for continuously monitoring the safety channels of
20 where it can be utilized as desired. It can, for exama nuclear reactor without removing the safety channel
pie, be used to actuate an alarm signal or circuit or
60
from the reactor.
provide a display indicating that a safety channel has
Another object of this invention is to provide a monimalfunctioned,
toring circuit for reactor safety channels which can
The continuous safety monitor of this invention, for
operate over a wide dynamic range.
example, could require that a signal proportional to the
„ ~ . . . . —
ratio i\lh of the output
currents of two neutron detecP
BRIEF DESCRIPTION OF THE INVENTION
6 5 t o f s „ e * i M n a narr QW r a n g e o f v a l u e s o v e r t h e o p e r a t _
In practicing this invention, a control signal is developed which is proportional to the ratio between the
output signals from two of the safety channels. As long

ing range of a reactor. Signals proportional to l o g a n d
log i2 will already be available since logarithmic safety
channels are in existence on most reactors. A signal

2466,980,916
3 •

4

proportional to log (iji2) is easily obtained by taking
the difference between two logarithmic channels. The
logarithm of the ratio serves as well as the ratio since,
for small variations of the ratio about unity:
5

log <;,/;.,) = k„, (ijk - l)
where K ]0 is the inverse of the natural logarithm of 10
needed for conversion to common logarithms which
are convenient in the operation of the continuous io
safety monitor.
In FIG. 2 there is shown a continuous safety monitor
using the logarithmic safety channels of a reactor. A
pair of neutron flux detectors 22 and 24 are positioned
within the reactor 21 and measure the flux of the reac- 15
tor at different points. The output signal i2 from detector 22 is coupled to a log amplifier 25 and the output
signal i, from detector 24 is coupled to a log amplifier
27. The output signals from log amplifiers 27 and 25
are:

20

_
v,' = -<v,„' log i, + v,„')
v2' = (v,K' log it + v2„')

(l)

(2)

where VrfI' and V d2 ' are the average volts per decade,
constants of amplifiers 27 and 25 and V 10 ' and V 20 ' are
the dc offset voltages of the amplifiers. Signal V 2 ' is
combined with a reference voltage from reference voltage source 29 and the combined signal is coupled to
offset adjustment amplifier 30. The output signal from
amplifier 30 is:
v 2 = (V„2 log ;2 + v2„)

i = ~( v .i '°g 'i + vi«)

30

(3)

The output signal V / from amplifier 27 is coupled to
buffer amplifier 32 where it is amplified to develop the
signal:
v

25

35

<4>
40

The polarities of the amplifiers 25, 27, 30 and 32 are
such that the output signals have the desired polarities.
The gain of amplifier 30 is set by adjusting the impedance of the feedback loop, represented by variable
resistor 28, so that the volts per decade constant V d 2 is 45
substantially equal to Vrf. Thus equation (3) becomes
_
v 2 - (V,, log i2 + 20)
( )
,
,
,. ,
,
,.„ , .
Signals
V, and V 2 are combined and amplified in ^n
&
.
. ,
,
. . v
, 5u
summing amplifier 33 to develop an output signal V3:
v 3 = -G( v, + v2>

signal is developed if the voltage V 3 falls outside of this
range of voltage. The voltage range can be adjusted as
desired to provide the desired monitoring and safety,
The alarm signal from comparator 35 is coupled to the
logic and control circuit 36 where it can be used to
sound an alarm or to actuate a display as desired.
The offset voltage GD is used to make the system
f a ii s a fe against any failure which causes V 3 to go to
z e r o F o r example, if i, and i2 were substantially equal,
log
w o u l d b e z e r o a n d comparator 35 would be
s e t t o m 0 nitor voltages centered about zero. A short
circuit or other failure at the output of amplifier 33
w h i c h w o u l d develop a zero output signal would indiC ate that the safety channels were performing satisfactorily when, in fact, there might have been a failure in
G ne of the channels. By proper selection of the offset
voltage a failure in the continuous safety monitoring
system which causes V 3 to go to zero would be detected. The offset voltage GD is also chosen so that
malfunction which causes amplifier 33 to go to either
positive or negative saturation would also be detected,
GD is set by adjusting the magnitude of the reference
voltage from the reference voltage source 29 and by
adjusting the gain of amplifier 33. An example of the
values which were used in a prototype circuit GD was
set at
+ 5 V - T h e upper and Iower voltage levels detected
by comparator 35 were set at +8V and +2V,
wh,ch
8 a v e a r a n g e o f 6 V centered about the offset
voltage GD.
U n d e r ideal
circumstances the ratio iji2 would remain constant over a wide range of currents. However,
in practice a certain amount of variation can be expected. For example, variation could be caused by
instrument error or neutron flux differences at different
locations of the neutron flux detectors. Thus, V 3 must
be outside of a particular voltage range before an alarm
is given. However, this voltage range is constant over a
wide reactor operating range while in the case of a
system which used the algebraic difference between the
signals from the detectors the voltage range would have
t o increase at large reactor power levels to values
w h i c h w o u l d m a k e the safety monitoring useless!
T h u s t h e continuous safety monitoring system can
operate continuously over a wide range of reactor operation while prior art systems cannot operate either
continuously or over the reactor operating range or
both. While the continuous reactor monitoring system
of this invention has been described in conjunction
with the measurement of neutron flux, other reactor
.
. .
.
> .„
.
parameters, as for example coolant temperature, could
measured

The embodiments of the invention in which an exclusive property or privilege is claimed are defined as
where G is the gain of amplifier 33 and is established by
follows:
In
the variable impedance 3 4 in the feedback loop of 5 5
a nuclear reactor which includes first and secamplifier 33. From equations (3) and (5):
ond reactor safety channels coupled to the reactor,
each of the first and second reactor safety channels
v.., = -G(—vd log i, — v,0 + vrf log /2 + v20)
(7)
being responsive to the same reactor parameter to
develop first and second measurement signals respecv 3 = G<V„ log /,//,) + G( v „ - V20)
(8) 60 tively, with each of the first and second measurement
_ n^
,V"/
signals having a magnitude
which .is a function
of, the
v' 1 0_* v2 0 —
Q,
. .
„
.
v3 = ovrf log iju + g d

(6)

(io)

Thus the output signal V 3 coupled to comparator 35 is
proportional to log ( i j i i ) plus an offset signal GD.
Signal V 3 is compared in comparator 35 with an upper
limit voltage and a lower limit voltage and an alarm

65

reactor parameter being measured, a safety circuit for
continuously monitoring the first and second reactor
safety channels, comprising: first and second log amplifiers coupled to said first and second safety channels
respectively, said first and second log amplifiers being
responsive to said first arid second measurement signals
to develop first and second log measurement signals

3,979, 256
5

6

proportional to the log of said first and second measurement signals respectively, a summing circuit to
which said log amplifiers are coupled developing a ratio
signal being the subtraction of one of said log measurement signals from the other of said log measurement
signals, an offset voltage circuit coupled to one of said
first and second log amplifiers for applying a reference
dc voltage thereto so that with the absolute values of
said log measurements equal said ratio signal has a
desired nonzero value, and a comparator circuit coupled to said summing circuit and responsive to said
ratio signal to develop an alarm signal with the magni-

tude of said ratio signal being outside of a predetermined range of magnitudes.
2. The safety circuit of claim 1 wherein the absolute
values of said predetermined range of magnitudes of
said ratio signal are greater than zero and less than the
magnitude which would exist with one of said log amplifiers being saturated.
3. The safety circuit of claim 2 further including
control means coupled to said comparator means and
responsive to said alarm signal to give a display thereof
and to scram the reactor.
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