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(54) Measuring head for determining 

inside bars of nuclear fuel 

(57) A measuring head suitable for 
determining the pressure of fission 
gases released inside non-
instrumented bars (6) of nuclear fuel 
(which have reached high irradiation 
levels), and for connection to said bars 
by a method which allows no escape of 
said active gases and does not cause 
appreciable disturbance eithertothe 
fuel or to the released fission gases, is 
disclosed. The head consists of a 
tubular casing (10) adapted to be 
welded at one end to the bar (6), and 
having a metal bellows (3) at its other 
end. A pointed metal bar (1) is used to 
penetrate the bar (6) by a blow to a pin 
2, whereupon pressure variations 
within the casing (10) are measured by 
a pressure measuring device (7) having 
an iron core (8), the movement of the 
core (8), due to such pressure variations, 
being recorded by a differential 
transformer (9). 
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SPECIFICATION 
Measuring head for determining the pressure of 
fission gases released inside bars of nuclear 
fuel 

5 This invention relates to a measuring head 
suitable for determining the pressure of fission 
gases released inside non-instrumented bars of 
nuclear fuel which have been subjected to 
irradiation. 

10 It is well known in the art that it is possible to 
provide bars of nuclear fuel with instrumentation 
for determining the behaviour of the bars when 
subjected to irradiation in test reactors, i.e. for 
determining the variation in the critical parameters 

15 of the bars as a function of time. According to the 
known art, this instrumentation is incorporated 
into the (new) bars during their manufacture, i.e. 
before they are placed inside a test reactor and 
irradiated. On the other hand, it is of great interest 

20 to know the state of the fuel inside bars which 
have not been previously provided with such 
instrumentation (and which have been subjected 
to high irradiation levels), where these bars 
originate either from test reactors (in order to 

25 conduct further less costly and more binding tests) 
or from power reactors (in order to know their real 
conditions at that instant of time, especially after 
abnormal operation or accidents). 

There is therefore the problem of fitting these 
30 particular bars of fuel (i.e. those not previously 

provided with such instrumentation) with 
adequate instrumentation after they have been 
irradiated either in a test reactor or in a power 
reactor, and this represents the basic object of the 

35 present invention. 
One known method for fitting instrumentation 

to bars which have already operated for a certain 
time in a reactor is to totally or partially dismantle 
such bars offuel in a hot cell after they have been 

40 removed from the reactors where they have been 
irradiated, and then to completely reassemble 
them, again in a hot cell, after providing them 
additionally with suitable instrumentation (mainly 
pressure measuring devices for the fission gases). 

45 This known method obviously has the drawback of 
requiring the entire bar to be reassembled at a 
greater cost than the cost of manufacturing a new 
bar, and in addition the conditions of the fuel and 
of the fission gases inside the reassembled bar are 

50 completely different at the end of the operation 
than the original conditions, and thus no longer 
represent the state of the old fuel. 

In contrast, the measuring head according to 
the present invention does not require the bar of 

55 nuclearfuel to be opened during the fitting of the 
instrumentation (thus preventing the escape of 
radio-active gases from the inside of the bar to the 
external environment, this being of considerable 
importance for operational safety) and thus does 

60 not appreciably disturb the state of the gases and 
fuel inside the bar. 

According to the present invention, there is 
provided a measuring head for connection to a bar 
of nuclearfuel in order to determine the pressure 

65 of fission gas released inside the bar, comprising a 
tubular casing adapted to be welded at one end to 
the bar of nuclear fuel and provided at its other 
end with a bellows; a means, within the enclosure 
formed by the tubular casing and the bellows, for 

70 penetrating the bar of nuclear fuel when said one 
end of the tubular casing is welded to the bar, this 
means for penetrating the bar of nuclear fuel being 
fixed to the bellows; and a pressure measuring 
device, within the enclosure formed by the tubular 

75 casing and the bellows, the pressure measuring 
device including a magnetic member which moves 
in response to pressure variations within the 
enclosure formed by the tubular casing and the 
bellows, such movement of the magnetic member 

80 being able to be detected electromagnetically. 
The measuring head according to the present 

invention is constituted by two main parts, namely 
a lower part containing a perforation means and 
an upper part containing a pressure measuring 

85 device, these parts forming overall a long metal 
casing which is hermetically sealed at its two 
ends. The casing, while still hermetically sealed, is 
welded to one end of the bar offuel and, when 
welding has been completed and checked, it is 

90 possible to perforate the measuring head and bar 
by means of the equipment contained in the lower 
part of the head, thus allowing the fission gases to 
pass from the bar to the measuring head, where a 
suitable instrument arranged in its upper part 

95 allows the pressure to be measured. In particular, 
the measuring head is provided in its interior (in its 
lower part) with a percussion perforation system 
constituted by a cutting point which can be struck 
by way of a sealed metal bellows (for example by 

100 hitting the end with a hammer) to thus form the 
hole by piercing the wall. There is in fact 
simultaneous perforation of the base of the 
measuring head and the plug of the bar. 

A measuring head according to the invention is 
105 described hereinafter, by way of example, with 

reference to the drawing. 
The measuring head shown in the drawing 

consists of a tubular or cylindrical casing 10 
welded at its lower end to the plug of a bar 6 of 

110 nuclearfuel and provided at its upper end with a 
metal bellows 3 welded at its lower end to the 
tubular casing 10 and provided at its upper end 
with a metal closure disc 11 which has a hole at 
its centre or near to its centre. The hole connects 

115 the interior of the tubular casing 10 and the 
bellows 3 to the interior of a metal tube 12 which 
has a diameter less than that of the tubular casing 
10, is welded at one end to the metal disc 11, and 
is closed at its other end. 

120 A metal support bracket 4, preferably of U 
shape, which terminates at its lower end in a 
pointed metal bar 1, is welded to the inner face of 
the metal closure disc 11. 

The tubular casing 10 contains, in its interior, a 
125 pressure measuring device 7, e.g. a metal bellows 

sensitive to pressure variations, which is fixed at 
its lower end to the tubular casing 10 by a suitable 
means, e.g. a support bracket 5, and is provided at 
its upper end with an iron core 8, e.g. of 
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Ferroxcube, which penetrates into the metal tube 
12. The movements which the iron core 8 makes 
as a function of the compression of the metal 
bellows due to the pressure variations are 

5 recorded by means of a differential transformer 9, 
the mobile part ofthe differential transformer 9 
being the core 8. 

The measuring head is provided with a mobile 
or removable percussion pin 2, which can be 

10 struck with a ham mer so as to cause the pointed 
bar 1 to penetrate the bar 6. 

CLAIMS 
1. A measuring head for connection to a bar of 

nuclear fuel in order to determine the pressure of 
15 fission gas released inside the bar, comprising a 

tubular casing adapted to be welded at one end to 
the bar of nuclear fuel and provided at its other 
end with a bellows; a means, within the enclosure 
formed by the tubular casing and the bellows, for 

20 penetrating the bar of nuclear fuel when said one 
end ofthe tubular casing is welded to the bar, this 
means for penetrating the bar of nuclear fuel being 
fixed to the bellows; and a pressure measuring 
device, within the enclosure formed by the tubular 

25 casing and the bellows, the pressure measuring 
device including a magnetic member which moves 
in response to pressure variations within the 
enclosure formed by the tubular casing and the 
bellows, such movement ofthe magnetic member 

30 being able to be detected electromagnetically. 
2. A head as claimed in claim 1, wherein the 

magnetic member is an elongated magnetic 
member which extends from the enclosure formed 
by the tubular casing and the bellows into a tube 

35 fixed at one end to the bellows and closed at the 
other end. 

3. A head as claimed in claim 1 or 2, wherein 

the pressure measuring device comprises a 
bellows sensitive to pressure variation. 

40 4. A head as claimed in any of claims 1 to 3, 
wherein the means for penetrating the bar of 
nuclear fuel comprises a pointed bar. 

5. A head as claimed in claim 4, wherein the 
pointed bar is supported on a U-shaped support. 

45 6. A measuring head as claimed in claim 1, 
substantially as hereinbefore described with 
reference to, and as shown in, the drawing. 

7. An instrumented measuring head for 
connection to bars of nuclear fuel in order to 

50 determine the pressure of fission gases, 
characterised by being constituted by a 
cylinderical casing welded lowerly to the plug of 
the bar of nuclear fuel and provided upperly with a 
metal bellows welded lowerly to said cylindrical 

55 casing and provided upperly with a metal closure 
disc comprising a hole in its centre or in proximity 
to its centre, the hole connecting the interior of the 
cylinderical casing and bellows to the interior of a 
metal tube which has a diameter less than that of 

60 the cylindrical casing, is welded at one end to said 
metal disc, and is closed at its other end, there 
being welded to the inner face ofthe metal closure 
disc a metal bracket preferably of U shape which 
terminates lowerly in a pointed metal bar, the 

65 cylindrical casing containing internally a metal 
bellows which is sensitive to pressure variations, is 

' fixed lowerly to the cylindrical casing by suitable 
means and is provided upperly with an iron core 
which penetrates into the said metal tube of 

70 smaller diameter, the movements of the iron as a 
function ofthe compression ofthe metal bellows 
due to the pressure variations being recorded by 
means of a differential transformer, the mobile 
part of said differential transformer being 

75 constituted by said core. 
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