
UK Patent Application,,„GB „„ 2 1 2 0 7 8 3 A 

(21) Application No 8 3 1 4 2 4 2 
(22) Date of filing 

23 May 1983 
(30) Priority data 
(31) 3 8 2 4 3 7 
(32) 26 May 1982 
(33) United States of America 

(US) 
(43) Application published 

7 Dec 1983 
(51) INT CL3 G 0 1 T 3 / 0 0 
(52) Domestic classification 

G1A A1 D11 D2 G1 G7 
RL RX S6 
G6P 5A1 
U1S 1905 G1A 

(56) Documents cited 
GB A 2 0 5 4 8 4 0 
GB 1513965 
GB 1298355 
GB 1172385 
US 3 7 8 9 5 1 1 
US 3 2 3 1 0 4 1 

(58) Field of search 
G1A 
G1N 
G1G 
G6C 
G6P 

(71) Applicant 
Westinghouse Electric 
Corporation 
(USA-Pennsylvania) 
Gateway Center 
Pittsburgh 
Pennsylvania 
United States of 
America 

(72) Inventors 
Richard Harold 
Underwood 
William Harold Todt 

(74) Agent and/or Address for 
Service 
Ronald Van Berlyn 
23 Centre Heights 
London NW3 6JG 

(54) Seismic restraint means for 
radiation detector 

(57) Seismic restraint means 16A 
and 16B are provided for mounting 
an elongated, generally cylindrical 
nuclear radiation detector 12 within 
a tubular thimble 10 in a nuclear 
reactor monitor system. The re-
straint means permits longitudinal 
movement of the radiation detector 
into and out of the thimble. Each 
restraint means comprises a split 
clamp ring and a plurality of sym-
metrically spaced support arms 
pivotally mounted on the clamp 
ring. Each support arm has spring 
bias means and thimble contact 
means eg insulating rollers whereby 
the contact means engage the thim-
ble with a constant predetermined 
force which minimizes seismic vi-
bration action on the radiation de-
tector. 
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SPECIFICATION 

Seismic restraint means 

5 This invention relates to mechanical seismic 
restraint means which are used in nuclear 
safety systems, in particular, the seismic re-
straint means of the present invention are 
usable with generally cylindrical nuclear radia-

10 tion detectors which must be mechanically 
supported in a vertical position about a nu-
clear reactor vessel, and which detectors must 
be substantially isolated from vibrational force 
resulting from seismic activity. 

15 The typical out-of-core radiation detector 
utilized in nuclear safety systems is an ion 
chamber of substantial length, for example 
about 6 to 12 feet long. The ion chamber 
typically utilizes concentric cylindrical elec-

20 trades which are maintained a fixed distance 
apart, with opposed electrical potentials for 
attracting respectively the opposed charge 
particles which are generated in the ion cham-
ber by neutrons from the reactor core. Such 

25 ion chambers are thus used to monitor reactor 
activity and to indicate the operational status 
of the reactor. The ion chamber is typically 
mounted in an elongated tubular thimble 
which is typically open ended at the top and 

30 may be closed or open ended at the bottom. 
A plurality of such thimbles are spaced around 
the reactor vessel in a predetermined array to 
permit sampling of the neutron flux level in 
the vicinity of the reactor vessel. Seismic 

35 activity can produce significant vibrational 
forces on the elongated ion chambers and 
give rise to electrical noise in the output 
signal from such ion chambers. This electrical 
noise is thought to be a result of the vibratory 

40 motion of the electrodes relative to each other 
in the ion chamber. 

The tubular thimbles within which the ion 
chamber radiation detectors are typically 
mounted can have a variable inside diameter, 

45 as is typical for commercially available piping 
which is used in forming the reactor thimbles. 
A typical 6 inch nominal diameter schedule 
80 piping typically will have an inside dia-
meter which ranges from about 5.931 inch to 

50 5.730 inch, and a 6 inch nominal diameter 
schedule 40 pipe has a resultant inside dia-
meter range of from about 6.197 inch to 
6.034 inch. With such inside diameter range 
variations of up to about 0.2 inch inside 

55 diameter, it is difficult to provide a detector 
support means which provides a uniform fit 
and support of the detector assembly for the 
wide range of thimble inside diameters. It has 
thus been necessary to provide a rather loose 

60 fit in current detector support assemblies rela-
tive to the thimble ID. This leads to excessive 
motion of the detector assembly during seis-
mic activity and results in undesirable electri-
cal signals generated by motion of the internal 

65 detector parts. The presently utilized detector 

support assemblies are also rigid assemblies 
and there is thus no damping of impact 
shocks experienced by the assembly during 
seismic activity. 

70 It is the object of the present invention to 
provide a seismic restraint means which will 
provide a uniform fit for a detector assembly 
within a tubular thimble where the range of 
thimble inside diameters has significant varia-

75 tion. It is also desirable to provide a constant 
restraining force between the detector and the 
thimble with the seismic means capable of 
damping the vibrational modes which are in-
duced during seismic activity. 

80 Accordingly the present invention resides in 
seismic restraint means for mounting a gener-
ally cylindrical nuclear radiation detector 
within a tubular thimble which comprises a 
split clamp ring securably connectable about 

85 the generally cylindrical radiation detector and 
having a plurality of symmetrically spaced 
support arms pivotally mounted from and ex-
tending outwardly from the split clamp ring, 
each support arm having at its extending end 

90 a low friction thimble contact means, and 
spring bias means coupled to each respective 
support arm, biasing the latter radially out-
wards whereby the contact means engage the 
thimble with a constant predetermined force 

95 which minimizes seismic vibration acting on 
the radiation detector. 

In order that the invention can be more 
clearly understood, convenient embodiments 
thereof will now be described, by way of 

100 example, with reference to the accompanying 
drawings, in which: 

Figure 1 is a side elevational view of an 
elongated radiation detector mounted by 
means of seismic restraint means within a 

105 tubular thimble, 
Figure 2 is an enlarged elevational view 

partly in section of the one of the seismic 
restraint means of Fig. 1, 

Figure 3 is a plan view along the line I l l - I l l 
110 of Fig. 1 illustrating the seismic restraint 

means, and 
Figure 4 is a side elevational view, partly in 

section, of seismic restraint means of an alter-
native embodiment. 

115 Referring to Fig. 1, elongated vertically dis-
posed tubular thimble 10 is one of a plurality 
of such thimbles which are disposed about a 
nuclear reactor vessel within the containment 
building of the nuclear power plant. The thim-

120 ble 10 is typically a 6 inch nominal diameter 
schedule 40 or schedule 80 pipe, which is 
open at the top end, and may be closed or 
open ended at the bottom of the thimble. An 
elongated generally cylindrical nuclear radia-

125 tion detector 12 is mounted within the thim-
ble 10 generally coaxially therewithin. The 
radiation detector 12 is typically of the ion 
chamber type which has an outside diameter 
of about 3 inches, and ranges from several 

130 feet to about 12 feet long. An electrical lead 
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14 extends from one end of the radiation 
detector 12 and extends to a remotely located 
control system which provides operating input 
potential, and output signal measuring means, 

5 which output signal is indicative of neutron 
flux passing through the detector. 

A plurality of seismic restraint means 16A, 
16B are longitudinally spaced along the 
length of the cylindrical radiation detector 12, 

10 and are securely connected thereto to provide 
a support means from thimble 10. The seis-
mic restraint means 16A and 16B are identi-
cal in structure, and one such restraint means 
16A is best seen in detail in Figs. 2 and 3. 

15 The seismic restraint means 16A comprises a 
pair of split clamp ring portions 18A and 18B 
each with respective arcuate interior surfaces 
20A and 20B having a radius of curvature 
slightly larger than the generally cylindrical 

20 radiation detector 12. The split clamp ring 
portions 18A and 18B are brought together 
about the detector 12, with opposed clamp 
fastening means 22A and 22B securely con-
necting the clamp ring portions 18A and 18B 

25 to the detector 12. The fastening means 22A 
and 22B each comprise a bolt 24 passing 
through an aperture 26 of one split clamp 
ring and engaging a threaded aperture 28 in 
the other split clamp ring. When the split 

30 clamp ring portions 18A and 18B are fas-
tened together they define a generally square 
perimeter configured clamp ring about the 
cylindical detector, within the thimble dia-
meter. The clamp ring perimeter may be circu-

35 lar in other embodiments. 
A pair of pivot support members 30A and 

30AA extend from the outer perimeter sides 
of split clamp ring portion 18A, with similar 
pivot shaft support members 30B and 30BB 

40 extending from the opposed sides of clamp 
ring portion 18B. Aperture 32 in pivot shaft 
support member 30BB accepts pivot shaft 
member 34, with a pair of support arms 
36BB and 36BB pivotally mounted from the 

45 extending ends of pivot shaft member 34 and 
extending generally outwardly from the split 
clamp ring. A second aperture 38 is provided 
near the extending ends 40 of the support 
arms 36B-36BB with second pivot shaft 

50 member 42 mounted in the aperture 38 in 
the extending ends of the support arms. An 
insulated roller member 44 is pivotally 
mounted between the support arms 
36B-36BB about the pivot shaft 42. This 

55 insulating roller member comprises a low fric-
tion thimble contact means, typically a cera-
mic roller member which engages the inside 
surface 46 of the thimble and facilitates 
movement of the detector assembly and plu-

60 rality of seismic restraint means in and out of 
the thimble. A spring bias means 48 is 
mounted on each extending end of the pivot 
shaft 34 outside the support arm 36A, with 
one end 50 of the spring bias means 48 

65 fastened to the support arm 36B at an inter-

mediate support arm portion 52. The other 
end 54 of the spring bias means extends 
toward and engages the split clamp ring 18B, 
so that the support arms are biased outwardly 

70 towards the thimble to securely mount the 
seismic restraint assembly and the detector 
within the thimble. The spring bias means 48 
comprise torsion springs which are wound 
about the extending ends of the shaft 34 and 

75 serve to bias each support arm outwardly so 
that the contact means engages the thimble 
with a constant predetermined force which 
minimizes the seismic vibration acting on the 
radiation detector. An identical pivot shaft 

80 support member, support arms and bias 
spring means are provided at the four peri-
meter surface of the assembled split clamp 
ring square perimeter surface. The four low 
friction thimble contact means at the ends of 

85 the extending support arms constituting a four 
point contact system for the restraint means 
and detector to the interior of the thimble. 

A plurality of similar seismic restraint means 
similar to 16A and 16B are spaced along the 

90 length of the detector 12 within the thimble 
10. By way of example about five such seis-
mic restraint means each identical to means 
16A engage the detector, which can be for 
example about 12 feet long, with the seismic 

95 restraint means being symmetrically spaced 
along the length of the detector. Also by way 
of example, each such spring bias means 48 
provides a spring force of about 11.5 pounds 
acting on the support arm. 

100 In another embodiment of the invention 
seen in Fig. 4, a plurality of seismic restraint 
means 56 are spaced longitudinally along the 
elongated ion chamber radiation detector 58. 
The seismic restraint means 56, only one of 

105 which is seen in Fig. 4, comprises a first split 
clamp ring 60 and a second split clamp ring 
62 which are longitudinally spaced apart. 
Each of the split clamp rings 60 and 62 
comprises a pair of semi-circular members 

110 having an arcuate inside surface which 
slightly exceeds the detector diameter, with 
fastening means for conecting together the 
semi-circular members. One of the clamp 
rings engages the detector while the other is 

115 slidable along the detector. These split clamp 
rings 60 and 62 are similar to the split clamp 
ring structure of the embodiment seen in Figs. 
2 and 3, except with an arcuate perimeter 
rather than a square perimeter. 

120 A plurality of apertured bifurcated pivot 
shaft support members 64 extend from the 
perimeter portions of the split slamp rings 60 
and 62. The pivot shaft support members 64 
from split clamp ring 60 extends toward the 

125 other spaced split clamp ring 62, and the 
pivot shaft support members 64 from ring 62 
extend toward ring 60. The pivot shaft sup-
port members 64 are symmetrically spaced 
about the clamp rings 60 and 62 and are 

130 aligned, with four such members 64 provided 
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from each clamp ring 60, 62. 
A support arm 66 is pivotally conected at 

one end 67 from each bifurcated pivot shaft 
support member 64 and the pivot shaft mem-

5 ber 68 which passes through apertures pro-
vided in each of the bifurcations of support 
member 64 and the support arm 66. The 
support arms 66 comprise a first longitudi-
nally extending portion 70 which extends 

10 from the pivotally connected end 67, a radi-
ally extending portion 72, and a second longi-
tudinally extending portion 74 which is offset 
longitudinally from the first extending portion 
70. The extending ends 76 of support arms 

15 66 have apertures 78 therethrough to permit 
pivotal connection via shaft 80 to the pair of 
support arms 66 which extend toward each 
other from the spaced apart first and second 
split clamp rings 60, 62. An insulating thim-

20 ble contact means 82 is mounted on shaft 80 
between the extending ends 76 of the support 
arms. The insulating thimble contact means 
82 comprises a ceramic roller as was de-
scribed for the embodiment of Fig. 2. A 

25 plurality of spring bias means 84 are conected 
at their opposed ends 86, 88 to the spaced-
apart clamp rings 60, 62, so as to bias these 
clamp rings toward each other forcing the 
support arms outwardly. The spring bias 

30 means 84 are preferably a plurality of sym-
metrically spaced coiled extension springs. 
The insulating ceramic roller thimble contact 
means 82 engages the thimble with a predet-
ermined force which minimizes seismic vibra-

35 tion acting on the radiation detector which is 
secured to the split clamp rings. A plurality of 
such seismic restraint means 56 are spaced 
along the elongated length of the ion chamber 
radiation detector. 

40 
CLAIMS 

1. Seismic restraint means for mounting a 
generally cylindrical nuclear radiation detector 
within a tubular thimble which comprises a 

45 split clamp ring securably connectable about 
the generally cylindrical radiation detector and 
having a plurality of symmetrically spaced 
support arms pivotally mounted from and ex-
tending outwardly from the split clamp ring, 

50 each support arm having at its extending end 
a low friction thimble contact means, and 
spring bias means coupled to each respective 
support arm, biasing the latter radially out-
wards whereby the contact means engage the 

55 thimble with a constant predetermined force 
which minimizes seismic vibration acting on 
the radiation detector. 

2. A seismic restraint means according to 
claim 1, wherein the low friction thimble 

60 contact means comprise insulating rollers 
mounted on a shaft supported between 
spaced apart support arm portions. 

3. A seismic restraint means according to 
claim 1, wherein the spring bias means for 

65 each respective support arm comprises a pair 

of torsion springs wound about opposed ends 
of the pivot shaft from which the support arm 
is pivotally mounted, with one end of the 
torsion spring fixedly connected to the support 

70 arm, and the other end of the torsion spring 
contacts and is restrained from inwardly di-
rected rotation or motion by the clamp ring. 

4. A seismic restraint means according to 
claim 1, 2 or 3, wherein each of the plurality 

75 of symmetrically spaced support arms com-
prise a pair of spaced apart parallel arms 
which are pivotally connected at one end to 
the clamp rings, with insulating roller mem-
bers mounted on a shaft supported between 

80 the opposed end of the spaced apart support 
arms, and wherein the spring bias means is 
rigidly connected to an intermediate portion of 
each parallel arm. 

5. A seismic restraint means according to 
85 any of claims 1 to 4, wherein first and second 

split clamp rings are spaced apart along the 
the longitudinal length of the elongated detec-
tor, and the support arms extend between the 
first and second split clamp rings and are 

90 pivotally connected at their extending ends 
with an insulating roller member thimble con-
tact means over such pivotal connection, and 
wherein the spring bias means comprises a 
plurality of symmetrically spaced extension 

95 spring connected at opposed ends and ex-
tending between and biasing together the first 
and second split clamp rings. 

6. Seismic restraint means for mounting a 
generally cylindrical nuclear radiation detector 

100 within a tubular thimble and as claimed in 
claim 1, said seismic restraint means being 
substantially as described herein with particu-
lar reference to Figs. 1 to 3 or Fig. 4 of the 
accompanying drawings. 
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