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(54) Induction Apparatus 
Monitoring Structural Strains in 
Liquid-metal-cooled Nuclear 
Reactor 

(57) The reactor has strain gauges for 
monitor ing the internal structure. Each 
gauge comprises electrical inductance 
apparatus wherein the inductance is 
varied by torsionally straining a 
ferromagnetic electrical conductor to 
vary magnetic coupling. The 
ferromagnetic member is of metal 
sheathed mineral insulated cable 
arranged in hairpin form. 

The hairpin form of the 
ferromagnetic conductor (1) causes 
torsion-sensitive signals in the t w o 
arms to be additive whi lst on 
undesired signal caused by stray 
inductive coupling is self-cancelling. 
Alternatively, the induction apparatus 
may be a pair of co-axial tubular 
members of ferromagnetic material 
w i th the inner member surrounded by 
a non-magnetic conductor of solenoid 
form and having a linear non-
magnetic conductor disposed 
coaxially, the magnetic coupling being 
created by differential torsional 
displacement of the tubular members. 
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SPECIFICATION 
Liquid Metal Cooled Nuclear Reactors 

This invention relates to liquid metal cooled 
nuclear reactors, and it is concerned wi th the 

5 indication of torque and strain in such nuclear 
reactors. 

In a liquid metal cooled nuclear reactor it is 
desirable to monitor torque and strain induced in 
structure exposed to a hostile environment. In one 

10 kind of liquid metal cooled nuclear reactor, 
generally known as of the pool kind, a nuclearfuel 
assembly is submerged in a pool of liquid metal 
coolant contained in a primary vessel and there is 
an internal structure for carrying control 

15 apparatus supported f rom a cover for the primary 
vessel and immersed in the pool of coolant. To 
ensure safe operation of the reactor it is desirable 
to monitor strain in the internal structure. 

Therefore it is an object of the invention to 
2 0 provide in such a construction of liquid metal 

cooled nuclear reactor means for monitoring 
induced torsional and linear strains. 

According to the invention, in a liquid metal 
cooled nuclear reactor there is provided electrical 

25 induction apparatus for indicating torsion or linear 
strain induced in the structure. The apparatus 
having means for indicating creation of magnetic 
coupling when a ferromagnetic member o f the 
apparatus is torsionally strained. 

3 0 The electrical induction apparatus may 
comprise a first electrical conductor of linear form 
surrounded by a second electrical conductor of 
solenoid form, one of the conductors being of 
ferromagnetic material and arranged so that a 

35 magnetic coupling is created by torsionally 
straining the ferromagnetic conductor when an 
alternating current is passed through the first or 
second conductors. 

The torsional strain may be applied by the 
4 0 application of torque to the linear conductor or 

tensional strain to the solenoid. 
A preferred induction apparatus for indicating 

strain comprises a ferromagnetic electrical 
conductor of hairpin form having legs adapted for 

45 attachment to the strainable structure and for 
connection through a voltmeter, and a solenoid 
surrounding the hairpin conductor adapted for 
connection to an alternating current source, the 
conductor being of metal-sheathed mineral 

• 50 insulated cable. In use, the instrument is arranged 
so that strain of the structure applies torsional 
strain to the hairpin conductor, thereby providing 
a magnetic coupling and generating an electrical 
signal. 

55 Alternatively, the apparatus may comprise a 
first electrical conductor of linear form surrounded 
by a second electrical conductor of solenoid form, 
at least one o f t he conductors being of mineral 
insulated cable having a sheath df ferromagnetic 

60 material such as stainless iron, an alternating 
magnetic coupling being created by torsionally 
straining the sheathing when an alternating 
current is passed through the first or second 
conductors. 

65 Liquid metal cooled nuclear reactor 
constructions embodying the invention are 
described by way of example, wi th reference to 
the accompanying diagrammatic drawings 
wherein: 

70 Figure 1 is a sectional view. 
Figure 2 is a line diagram of a strain gauge, and 
Figure 3 is a line diagram of an arrangement of 

strain gauges. 
The nuclear reactor shown in Figure 1 is a 

75 construction of liquid metal cooled fast breeder 
nuclear reactor. In the construction a nuclearfuel 
assembly 11 is submerged in a pool 12 of liquid 
metal coolant wi th in a primary vessel 13. The 
primary vessel is housed in a concrete vault 14 

8 0 the vessel being suspended at its rim from the 
roof structure 15 o f t he vault. Heat exchangers 16 
and coolant pumps 17 (one of each only being 
shown) are suspended from the roof structure of 
the vault and are immersed in the pool of liquid 

85 metal coolant. The roof structure supports a 
reactor internal structure 18 which carries control 
apparatus 19 for the reactor and provides a baffle 
20 for upwardly f lowing coolant. Instruments for 
monitoring strain in the internal structure are 

9 0 attached at strategic points, each comprising 
electrical induction apparatus wherein magnetic 
coupling is created by torsionally straining a 
ferromagnetic member o f the apparatus. 

In use o f t he reactor, coolant is pumped from 
95 the pool upwardly through the fuel assembly, 

thence through the heat exchangers in heat 
exchange wi th a secondary coolant and is 
returned to the pool, The temperature of the 
coolant in contact w i th the internal structure and 

100 the strain monitoring instruments is 
approximately 600°C. 

The example of strain monitoring electrical 
induction apparatus illustrated in Figure 2 
comprises a ferromagnetic electrical conductor 1 

105 of hairpin form having the free ends of its legs 
formed at right-angles to the longitudinal axis of 
the hairpin conductor so as to provide mechanical 
levers 2. The legs of the hairpin conductor are 
electrically interconnected through a voltmeter 3. 

110 A solenoid 4 is wound f rom a non-magnetic 
conductor in two layers so that the ends o f t h e 
conductor are disposed at one end, and the 
solenoid surrounds the hairpin conductor 1. The 
solenoid 4 is connected to a source 5 of 

115 alternating current the solenoid connections 6 
being disposed at the closed end o f t he hairpin 
conductor. Although not shown in the drawing 
the solenoid also has a core of non-magnetic 
material for example, stainless steel or ceramic 

120 which is shaped to al low each hairpin leg to twist 
whilst preventing relative lateral movement o f t h e 
legs and the solenoid. 

In use the levers 2 of the hairpin conductor are 
attached to a structure arranged so tha i straining 

125 of the structure causes relative displacement of 
the levers thereby applying torsional strain to the 
legs and setting up a magnetic coupling between 
the hairpin conductor and the solenoid. An ac 
signal induced in the hairpin conductor 1 varies 
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with the changes in magnetic coupling between 
the solenoid 4 and the hairpin conductor, these 
changes being caused by variations in the 
torsional strain. The output signal is related to the 

5 mechanical displacement of the levers 2 and the 
voltmeter 3 can be calibrated to read in terms of 
strain of the structure. 

The hairpin form of conductor 1 causes 
desirable (torsion sensitive) signals in each of the 

10 two arms to be additive whilst the undesirable 
signal caused by stray inductive coupling is self-
cancelling thereby improving the signal to noise 
ratio. Because the ac source is connected only at 
the end of the solenoid which is remote from the 

15 hairpin conductor connections, stray inductive 
coupiing near the coil is minimised. A dynamically 
balanced arrangement of the connections to the 
conductors enables the conductor assembly to be 
self-supporting by its connections thereby 

20 allowing it the necessary freedom of movement 
as the attachments are displaced. 

In one construction of instrument the hairpin 
conductor and solenoid are formed from stainless 
steel sheathed mineral insulated cable such as 

25 that used for thermocouples in a hot and hostile 
environment. The cable of the hairpin conductor 
has two cores, one each of iron and constantan 
which are directly connected together at one end 
and connected through a voltmeter at the other 

30 end so that the undesirable signal caused by stray 
inductive coupling is self-cancelling whilst the 
desirable (torsion sensitive) signal induced in the 
iron core is not opposed by any corresponding 
signal in the constantan core thereby improving 

35 the signal to noise ratio. The cable of the solenoid 
conductor has a single core of copper or nickel-
chromium alloy. 

In one alternative construction of instrument 
the cable of the hairpin conductor has a single 

40 core of iron. 
Typically in such instruments having hairpin 

conductors 5 cm long the sensitivity for 45 
ampere turns at 10 KHz has been found to be 1 
mv/15° angular displacement of the levers. 

45 Conductors comprising stainless steel mineral 
insulated cable are capable of working at high 
temperatures which makes such an instrument 
emminently suitable for use in the liquid sodium 
environment of a liquid metal cooled fast breeder 

50 nuclear reactor. 
In a second alternative construction the 

conductors are metal sheathed mineral insulated 
cables having non-magnetic cores, but one of the 
members is sheathed in stainless iron. The 

55 instrument is arranged so that strain in the 
structure torsionally strains the sheathing thereby 
varying the magnetic coupling between the 
conductors. 

The construction may include a plurality of 
60 strain indicating instruments arranged in a grid 

system the conductors being inter-connected in 
groups and arranged for frequency or time 
multiplexing as illustrated in Figure 3 the 
instruments being designated 'S'. 

65 It should be appreciated that the invention can 
also reside in other constructions of liquid metal 
cooled nuclear reactor, for example, the torsional 
strain may be applied to the conductor of solenoid 
form by tensional strain on the solenoid. The 

70 electrical induction apparatus could comprise a 
pair of generally co-axial tubular members of 
ferromagnetic material with the inner member 
surrounded by a non-magnetic conductor of 
solenoid form and having a linear electrical 

75 conductor of non-magnetic material coaxially 
disposed, the magnetic coupling being created by 
differential torsional displacement of the tubular 
members. 

Claims 
80 1. A liquid metal cooled nuclear reactor having 

electrica.l induction apparatus for monitoring 
torsional or linear strain induced in the reactor 
structure, the apparatus having means for 
indicating creation of magnetic coupling when a 

85 ferromagnetic member of the apparatus is 
torsionally strained. 

2. A nuclear reactor according to claim 1 
wherein the electrical induction apparatus 
comprises a first electrical conductor of linear 

90 form surrounded by a second electrical conductor 
of solenoid form, one of the conductors being of 
ferromagnetic material and arranged so that 
magnetic coupling is created by torsionally 
straining the ferromagnetic conductor when an 

95 alternating current is passed through the first or 
second conductors. 

3. A nuclear reactor according to claim 2 
wherein the torsional strain is applied by the 
application of torque to the linear conductor. 

100 4. A nuclear reactor according to claim 2 
wherein the torsional strain is applied by the 
application of tensional strain to the solenoid. 

5. A nuclear reactor according to claim 3 
wherein the electrical induction apparatus 

105 comprises a ferromagnetic electrical conductor of 
hairpin form having legs adapted for attachment 
to the strainable structure and for connection 
through a voltmeter, and the solenoid surrounding 
the hairpin conductor is adapted for connection to 

110 an alternating current source, the conductor being 
of metal-sheathed mineral insulated cable. 

6. A nuclear reactor according to claim 1 
wherein the electrical induction apparatus * 
comprises a first electrical conductor of linear 

115 form surrounded by a second electrical conductor 
of solenoid form at least one of the conductors 
being of mineral insulated cable having a sheath 
of ferromagnetic material. 

7. A nuclear reactor according to claim 5 
120 wherein the hairpin conductor and solenoid are 

formed from stainless steel sheathed mineral 
insulated cable. 

8. A nuclear reactor according to claim 7 
wherein the cable of the hairpin conductor has 

125 two electrically conducting cores one each of iron 
and non-magnetic material which are directly 
connected together at one end, and a cable of the 
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solenoid conductor has a single core of non- substantial ly as herein before described w i t h 
magnetic material. 5 reference to the accompanying drawings. 

9. A l iquid metal cooled nuclear reactor 
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