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(54) Self-actuated device 

(57) A self-actuated device, of 
particular use as a valve or an orifice 
for nuclear reactor fuel and blanket 
assemblies, in which a gas produced 

by a neutron irradiation-induced 
nuclear reaction gradually 
accumulates as a function of neutron 
fluence and the gas pressure increase 
occasioned by such accumulation of 
gas is used to actuate the device. 
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SPECIFICATION 
Self-actuated device 

This invention was conceived during 
performance of a contract with the United States 

5 Government designated EY—76—C—14— 
2170. 

This invention is a self-actuated, automatic 
device, especially a valve for control of fluid flow 
for application within a radiation field in a-nuclear 

10 reactor. 
Some applications exist in which it would be of 

benefit if a specific future operation of a valve 
could be planned in advance and designed as an 
inherent characteristic o f the valve. 

15 Fuel assemblies in nuclear reactors, for 
example, have nuclear and thermodynamic 
properties which change over the course of 
exposure to neutrons in the reactor. The content 
of fissile uranium 235 decreases in a fuel 

20 assembly during exposure to a neutron flux while 
the plutonium 239 content of a blanket assembly 
may increase. In the case of a fuel assembly, it 
may be desired to gradually decrease coolant f low 
through the assembly to match a gradual 

25 decrease in the assembly fission rate. In the case 
of the blanket assembly, it may be desired to 
gradually increase coolant f low through the 
blanket assembly to match a gradual increase in 
fission reactions. 

30 Coolant flow through an individual fuel or 
blanket assembly can be controlled by inlet or 
outlet valves (or variable-size orifices) attached to 
the individual assemblies in the reactor. A 
problem lies in access to the valve in the nuclear 

35 reactor. Fuel and blanket assemblies in a reactor 
are numerous such that any system for control of 
many valves from outside of the reactor would be 
extremely complex. Several schemes have been 
attempted to provide assemblies with variable-

40 size orifices, but as yet no economically viable or 
practical system for true variability in orifice size 
has been discovered. 

It is therefore the principal object of the 
present invention to provide an automatic, self-

45 actuated valve, which is of particular use as an 
orificing valve for use with nuclear fuel and 
blanket assemblies. 

With this object in view, the present invention 
resides in a self-actuated device for use in a 

50 radiation field, comprising an actuation means to 
be actuated, said means being connected to a 
shaft and a bellows connected to said shaft for 
moving said shaft thereby actuating said 
actuation means, characterized in that a mass of 

55 reaction material adapted to absorb radiation and 
produce a gas to expand said bellows is disposed 
within said bellows. 

The "reaction material" is defined herein as a 
material containing elemental nuclei which 

60 absorb nuclear radiation, enter into a nuclear 
reaction or transformation, and emit as a 
byproduct new nuclei which are or become a 
species of gas. Compounds of boron are likely 
reaction materials, since boron reacts with 

65 neutrons to emit helium. Lithium and beryllium 
are also likely candidates. 

As the neutron flux at the valve site exposes 
the reaction material, byproduct gas pressure 
builds up which expands the bellows. The 

70 generation of a pressure of several hundred 
kg/cm2 in the bellows is considered feasible. 

The identity and mass content of this reaction 
material can be planned to generate sufficient gas 
to properly open or close the valve as desired. 

75 This valve can open or close according to a 
preplanned scheme developed prior to closure 
and operation of the reactor, varying the orifice 
size to an assembly without operator access or 
control. 

80 The invention will become more readily 
apparent from the following description of a 
preferred embodiment thereof shown, by way of 
example only, in the accompanying single figure 
which shows schematically, in cross-section, one 

85 embodiment of the valve. 
The automatic, self-actuated device of this 

invention in a first embodiment is a valve which 
can be planned and designed to operate as a 
function of the radiation "fluence"; defined as the 

90 time integrated, accumulated exposure to 
radiation. Operation of the valve may be 
continuous and linear with the fluence, or may be 
triggered to actuate at a certain fluence value. 

The single figure schematically illustrates an 
95 application in which expansion of a bellows 1 

causes valve shaft 2 to lift the valve plug 3 off 
seat 4, overcoming spring 5 force and opening 
the valve to permit flow therethrough. The entire 
valve may be located at the inlet to a blanket 

100 assembly (not shown). A reaction material 6 is 
located within the bellows, in this case in the form 
of a powder. The reaction material 6 may be 
boron carbide or other material which absorbs 
nuclear radiation and emits a gas. Boron carbide 

105 absorbs neutron irradiation and emits helium gas. 
As the powder 6 absorbs neutrons and emits 
helium gas, this gas accumulates in and 
pressurizes volume 7, expanding the bellows 1, 
and opening the valve. 

110 Prior to installation of the valve, a plan is 
developed which described the future valve 
operation. Suppose that it is desired that the valve 
remain closed until a neutron fluence eqivalentto 
8,000 MWD/ton as measured in the reactor fuel 

115 has been observed by the valve, and open 
continuous thereafter, being fully open at 12,000 
MWD/ton. Sufficient boron carbide powder is 
added to the bellows such that the spring 5 
tension is just equalled by gas pressure at 8,000 

120 MWD/ton, and the bellows is fully expanded at 
12,000 MWD/ton. Besides planning the initial 
powder loading, the spring tension, initial 
pressure, and bellows expansion range may be 
adjusted. 

125 The pressure in the bellows will also vary with 
ambient temperature of the fluid. Buildup of 
pressure in the bellows due to neutron reactions 
can greatly exceed pressure variations due to 
expected temperature changes in many 
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applications such that the temperature 
effect does not prevent proper valve operation. In 
some cases, a temperature change can be 
planned to favorably affect the valve: a valve 

5 which is currently 30% open will be opened 
somewhat more, admitting more coolant f low, 
during an incident involving higher fluid 
temperatures due to resulting higher gas 
temperature and gas pressure in the bellows 1. 

10 Several variations of the concept may be 
mentioned. The valve may have slots or holes in 
the valve seat 4 or plug 3 such that no absolute 
shutoff of f low is possible. The device itself may 
be disposed to be a trigger to the actuation of 

15 another device or valve. For example, the shaft 2 
could be a locking device for a spring-loaded shaft 
for a valve, which valve is released to open or 
close on triggered release of the shaft by 
movement of the gas-impelled bellows. 

20 Additionally, shaft 2 may have ratchets which 
prevent movement of shaft 2 to return to a closed 
valve position in the event of a leak or rupture of 
bellows 1. 

The reaction material may be in several 
25 physical forms: powder, pellet, or even liquid. 

It is to be noted that the neutron fluence used 
to actuate the valve is precisely the parameter 
which varies the nuclear mass inventory of fuel 
and blanket assemblies, which inventory 

30 determines the desirable coolant f low rate. The 
valve is aptly suited therefore for use as a reactor 

assembly orifice. 

Claims 
1. A self-actuated device for use in a radiation 

35 field, comprising an actuation means to be 
actuated, said means being connected to a shaft 
and a bellows connected to said shaft for moving 
said shaft thereby actuating said actuation 
means, characterized in that a mass of reaction 

40 material (6) adapted to absorb radiation and 
produce a gas to expand said bel+ows (1) is 
disposed within said bellows (1). 

2. A device as claimed in claim 1, characterized 
in that said device is a valve associated with a 

45 nuclear fuel assembly so as to control coolant 
flow therethrough thereby adjustably orificing 
said nuclear reactor assembly. 

3. A device as claimed in claim 1 or 2, 
characterized in that the radiation is neutron 

50 radiation and the reaction material comprises 
boron, lithium, or beryllium. 

4. A device of claim 1,2 or 3, characterized in 
that the mass of reaction material has the 
physical form of a powder. 

55 5. A device of claim 1,2 or 3, characterized in 
that the mass of reaction material has the 
physical form of at least one pellet. 

6. A device as claimed in claim 1,2 or 3, 
characterized in that the mass of reaction material 

60 is a liquid. 

Printed for Her Majesty's Stationery Office by the Courier Press, Leamington Spa, 1982. Published by the Patent Office, 
25 Southampton Buildings, London, WC2A 1 AY. from which copies may be obtained. 


