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(71) We, THE BABCOCK & 
WILCOX COMPANY, a Corporation 
incorporated in the State of Delaware, 
United States of America, of 161 East 42nd 
Street, New York, N.Y. 10017, United States 
of America, 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 
particularly described in and by the 
following statement:— 

This invention relates to position 
indicating systems and to read contact unit 
assemblies for such systems. 

It is known to employ position indicating 
systems for indicating the position of a 
control rod in a nuclear reactor. Such 
known systems employ a permanent magnet 
mounted on the control rod to be movable 
internally of the reactor along with the 
control rod. A reed contact unit circuit is 
usually located externally of the control rod 
housing along the path of movement of the 
control rod and hence along the path of 
movement of the permanent magnet. As the 
control rod moves, different reed contact 
units of the circuit are actuated by the 
magnetic flux of the permanent magnet and 
yield appropriate output signals whose 
magnitudes are indicative of the position of 
the control rod. These output signals are 
used to control the nuclear reactor. 

The reed contact units of such reed 
contact unit circuits have an inherent 
operating (close-release) flux differential 
characteristic. Namely, a high magnetic flux 
level is required to close the reed contacts 
and once closed the reed contacts will 
remain closed until the magnetic flux level 
drops down to a magnetic flux level 
significantly lower than This magnetic 
flux differential results in an uncertainty as 
to the actual position of the control rod, 
since the permanent magnet must be in a 
first position close to the reed contact unit 
to actuate the reed contacts to close and 
must be moved away from the reed contact 
unit by a significant extent to open the reed 

contacts of the contact unit. Thus, a signal 
from a closed reed contact unit can only 
indicate that the control rod is somewhere 
between first and second control rod 
positions with respect to the reed contact 
unit. This factor prevents the use of reed 
contact units in more accurate nuclear 
reactor controls. 

According to a first aspect of the present 
invention there is provided a position 
indicating system for determining the 
position of a movable member inside a 
sealed container, the system comprising a 
magnetic flux producing member mounted 
to the movable member to be movable 
therewith, a series of magnetic reed contact 
units spacedly mounted externally of the 
sealed container along the length of the 
sealed container to be individually actuated 
by the flux producing member as the 
movable member moves within the sealed 
container to thereby indicate the position of 
the movable member, a source of 
alternating electric current, and means 
affixed to each of said series of reed contact 
units and connected to said source to 
continuously produce an alternating 
magnetic flux field in the area of each of 
said reed contact units to minimize the 
operating flux differential between the 
actuated and unactuated reed contact 
positions. 

According to a second aspect of the 
present invention there is provided a low 
operating flux differential reed contact unit 
assembly for a position indicating system 
having a magnetic member movable in a 
sealed container, the assembly comprising a 
reed contact unit mounted externally of the 
sealed container to be normally actuated by 
the magnetic member at a first magnetic 
flux level and deactuated at a second 
magnetic flux level as the magnetic 
member moves proximately to the reed 
contact unit, a source of alternating 
electrical current, and a coil surrounding 
said reed contact unit and connected to said 
source to produce an alternating magnetic 
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flux having an amplitude less than the 
difference between said first and said 
second flux levels. 

A preferred embodiment of the present 
5 invention described hereinbelow solves or 

at least alleviates the aforementioned 
problems of the prior art systems by 
providing a position indicating system for a 
control rod which provides a more accurate 

10 output signal indicative of true control rod 
position when reed contact units are used. 
The preferred embodiment includes a 
voltage divider bridge along which a series 
of reed contact units are connected to 

15 provide output signals when actuated. The 
reed contact units are spaced to be actuated 
by a movable permanent magnet mounted 
on the control rod. As the control rod 
moves, the permanent magnet actuates 

20 individual reed contact units which apply a 
part of the voltage divider bridge to a circuit 
output meter. The output meter is 
calibrated to read the control rod position 
corresponding to the amount of the voltage 

25 divider bridge applied to the circuit. Each 
reed contact unit has a coil wrapped around 
itself which conducts an alternating current 
and thereby establishes an alternating 
magnetic flux field around the reed contact 

30 unit. The introduction of the flux field of the 
permanent magnet into the vicinity of the 
reed contact unit shifts the alternating 
magnetic flux field causing it to exceed the 
close flux limit of the reed contact unit and 

35 close the reed contacts. Removal of the 
external field produced by the permanent 
magnet causes the alternating flux field to 
shift below the open flux limit of the contact 
unit. The operating (close-release) flux 

40 differential of the reed contact unit is 
negated by sizing the amplitude of the 
alternating magnetic flux field to the 
operating flux differential of the reed 
contact units making the reed contacts 

45 immediately sensitive to the presence and 
removal of the external flux field of the 
permanent magnet. The uncertainty of true 
control rod position caused by the operating 
flux differential of the reed contact units is 

50 therefore minimised. 

The invention will now be further 
described, by way of example, with 
reference to the accompanying drawings, in 
which: 

55 Figure 1 is a schematic representation of 
a position indicating system embodying the 
present invention; 

Figure 2 is a view on an enlarged scale of 
one of a plurality of operating flux 

60 differential compensated reed contact units 
of the Figure 1 system; 

Figure 3 is a graphic representation of 
reed contact conditions as a permanent 
magnet moves by the reed contact unit; 

65 Figure 4 is a graphic representation of an 

alternating magnetic flux field surrounding 
each of the reed contact units of the Figure 
1 system; 

Figure 5 is a graphic representation of a 
shift of the alternating magnetic flux field of 70 
Figure 4 caused by the external flux field of 
the permanent magnet moving toward the 
reed contact unit; and 

Figure 6 is a graphic representation of a 
shift of the alternating magnetic flux field of 75 
Figure 4 caused by the external flux field of 
the magnet moving away from the reed 
contact unit. 

Referring now to the drawings, Figure 1 
depicts a permanent magnet 10 which is 80 
connected to a leadscrew extension 12 of a 
control rod (not shown) to be movable 
inside a sealed nuclear reactor housing 14 
with the control rod. The control rod is 
moved by any well known drive means such 85 
as hydraulic jacks, roller nuts, pistons, etc. 
along a predetermined length L defining 
positions between full insertion of the 
control rod into the housing 14 and full 
withdrawal of the control rod from the 90 
housing 14. 

The permanent magnet 10 sets up a field 
of localized magnetic flux which extends 
through a nonmagnetic wall 16 of the 
nuclear reactor housing 14 and actuates a 95 
reed contact unit in the area of the 
permanent magnet 10. The sealed integrity 
of the reactor housing 14 is thereby 
maintained. Mounted externally along the 
predetermined length L of the reactor 100 
housing 14 at a 2 inch spacing are a series 
of 72 magnetic reed contact units S, to S72. 
The reed contact units S, to S72 are in close 
proximity to the wall 16 and are spaced to 
allow actuation of the reed units S, to S72 as 105 
the permanent magnet 10 moves along the 
length L. 

The reed units S, to S72 are connected 
between seventy-two resistors R,—R72 of 
substantially identical resistance which are 110 
series connected to form a seventy-two step 
voltage divider circuit 18. The voltage 
divider circuit 18 is connected to a 5 volt 
d.c. power supply P at one end and fractions 
of this supply voltage P may be conducted 115 
to an output meter M by closing appropriate 
reed units S, to S72. The spacing of the reed 
units S, to S72 is set up to prevent the 
actuation of two adjacent reed units S by the 
permanent magnet 10. 120 

Each reed unit S,—S72 has a wire coil 
C,—C72 surrounding or wrapped around it 
and powered by an alternating current 
source 20 which is parallel connected across 
the coils C,—C72 by connection of the 125 
individual coils C,—C72 to conducting 
electrical lines 22 and 24. The alternating 
current from the current source 20 thus 
establishes a substantially identical 
alternating magnetic flux field around each 130 
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reed unit S,—S72 which negates the 
operating flux differential found in most 
reed units as will be explained later. Since 
the operating flux differential may vary 

5 slightly between different reed units, each 
coil C,—C72 has a variable impedance 
element 26 such as a reactor or resistor 
series connected thereto through which the 
individual magnetic flux field of the coil 

10 may be adjusted to match the characteristic 
of the reed unit. 

In the foregoing circuit, a single faulty 
reed unit S may substantially harm the 
performance of the circuit due to the single 

15 actuation of the reed units S. Other circuits 
are known which obviate this problem by 
using overlapping sequential actuation of 
reed units and redundancy of reed units. 
Thus, it will be understood that the present 

20 reed contact unit assembly is applicable not 
only to the disclosed circuit but also to these 
other known circuits. 

Considering Figures 2 to 6, in conjunction 
with Figure 1, the operation of the position 

25 indicating system utilizing the operating flux 
differential compensated reed units S, to S72 
will be explained. Taking any of the reed 
units S„ it may be seen that without 
energizing the coil Cx from the alternating 

30 current source 20 the closing and opening of 
the reed contacts of the unit would follow 
the graph as indicated in Figure 3. As 
indicated by the curve 28, when the magnet 
10 approaches the reed unit S„, magnetic 

35 flux in the area of the reed unit Sx must build 
up to a first magnetic flux level before the 
reed contacts will close to provide a signal 
to the meter M indicative of control rod 
position. However, once closed, the 

40 contacts of the reed switch Sx remain closed, 
even though the magnetic flux level is less 
than (4„ until the magnet 10 has moved away 
from the reed unit Sx sufficiently to drop the 
magnetic flux in the area of the reed unit Sx 

45 down to a second magnetic flux level i>2 
significantly lower than the first level <j>v 
From the Figure 3 graph it may be seen that 
without energizing the coil Cx the reed unit 
S„, when actuated, provides only a general 

50 indication that the magnet 10 is somewhere 
in the vicinity of the reed unit Sx which 
enables it to provide a magnetic flux field to 
the unit SK greater than <j>2. 

Turning to Figure 4, it may be seen that 
55 when the coil Cx is energized by the 

alternating current source 20 and adjusted 
through the variable impedance 26, an 
alternating magnetic flux (4a is produced 
around the reed unit Sx having an amplitude, 

60 i.e. a difference between its maximum and 
minimum magnetic flux values, which is less 
than the operating flux differential ( j - ^ ) . 
Maintaining the amplitude of the 
alternating magnetic flux <j>a at a value less 

65 than prevents the alternating flux 

from alternately actuating the reed contacts 
to the closed and open conditions. As shown 
in Figure 5, the introduction of any external 
magnetic flux <f>g such as from the magnet 10 
will cause the external flux <jte to combine 70 
with the alternating magnetic flux to shift 
the alternating flux tj>a away from the base 
line 30 by an amount corresponding to the 
external flux applied. Thus, as the magnet 
10 approaches the reed unit Sx the 75 
alternating flux ^ is shifted by an amount <j>e 
eventually causing the maximum of the 
alternating flux </>„ to intermittently exceed 
the reed contact unit closing flux level (4,. 
The frequency of the alternating flux 80 
sinusoidal pattern is chosen to be less than 
the natural mechanical vibration frequency 
of the reeds of the reed unit Sx to allow the 
reed unit Sx to stay closed once the peaks of 
the alternating flux <f>a sinusoidal pattern 85 
start exceeding the flux level <j>v In a similar 
manner, when the magnet 10 starts moving 
away from the reed unit Sx the external flux 

diminishes, the combined alternating flux 
<fia and the reduced external flux <j>a go below 90 
the <j>2 level, as may be seen from Figure 6, 
and the unit Sx returns to its open condition. 
Returning the magnet 10 across the contact 
unit Sx in the opposite direction would again 
cause the interaction of external magnetic 95 
flux f e with the alternating magnetic flux <j>a 
causing the maxima of the alternating flux 
sinusoidal pattern to exceed the flux level (4, 
to close the contacts of the unit. 

From the foregoing it will be seen that by 100 
proper adjustment of the amplitude of the . 
sinusoidal alternating flux $4a to fit within the 
operating flux differential of the 
reed switch Sx, the effect of the operating 
flux differential prevalent in reed contact 105 
units may be minimized if not nearly 
eliminated. 

WHAT WE CLAIM IS:— 
1. A position indicating system for 

determining the position of a movable HO 
member inside a sealed container, the 
system comprising a magnetic flux 
producing member mounted to the movable 
member to be movable therewith, a series of 
magnetic reed contact units spacedly 115 
mounted externally of the sealed container 
along the length of the sealed container to 
be individually actuated by the flux 
producing member as the movable member 
moves within the sealed container to 120 
thereby indicate the position of the movable 
member, a source of alternating electric 
current, and means affixed to each of said 
series of reed contact units and connected 
to said source to continuously produce an 125 
alternating magnetic flux field in the area of 
each of said reed contact units to minimize 
the operating flux differential between the 
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actuated and unactuated reed contact 
positions. 

2. A position indicating system according 
to claim 1, wherein said means for 

5 producing an alternating magnetic flux field 
includes a coil surrounding each reed 
contact unit to conduct alternating electric 
current therethrough, the source of 
alternating current being connected to each 

10 of said coils. 
3. A position indicating system according 

to claim 2, including a variable impedor 
individually connected to each of said coils 
for individually adjusting the alternating 

15 magnetic flux applied to each reed contact 
unit. 

4. A low operating flux differential reed 
contact unit assembly for a position 
indicating system having a magnetic 

20 member movable in a sealed container, the 
assembly comprising a reed contact unit 
mounted externally of the sealed container 
to be normally actuated by the magnetic 
member at a first magnetic flux level and 

deactuated at a second magnetic flux level 
as the magnetic member moves proximately 
to the reed contact unit, a source of 
alternating electrical current, and a coil 
surrounding said reed contact unit and 
connected to said source to produce an 
alternating magnetic flux having an 
amplitude less than the difference between 

, said first and said second flux levels. 
5. A cesd contact unit assembly according 

to claim 4, including a variable impedor 
connected between said coil and said source 
for adjusting the alternating magnetic flux 
applied to the reed contact unit. 

6. A position indicating system 
substantially as herein described with 
reference to the accompanying drawings. 

For the Applicants, 
D. YOUNG & CO., 

Chartered Patent Agents, 
9 & 10, Staple Inn, 

London, WC1V 7RD. 
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