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(57)  The invention relates to an asymmetric rod (15)
for forming a side of a neutron guide tube (10), the asym-
metric rod (15) having:

@ an inner side (12) for facing the inside of the neutron
guide tube (10),

@ an outer side (13) opposite the inner side (12),

@ an end side (26) connecting the inner side (12) and
the outer side (13),

characterised by further comprising a concave side (20)

Asymmetric rod and neutron guide tube comprising asymmetric rods

connecting the inner side (12) and the outer side (13)
opposite the end side (26), the concave side (20) having
abase side (18) adjacent the inner side (12) and a closing
side (22) forming a shoulder recess (24) with the base
side (18), wherein the angle of the shoulder recess (24)
corresponds to the angle formed between the inner side
(12) and the end side (26).

The invention further relates to a neutron guide tube
(10) comprising such an asymmetric rod (15) and a meth-
od for forming a multi-layered asymmetric rod structure
(50).
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Description

[0001] The presentinvention relates to an asymmetric
rod for forming a side of a neutron guide tube, such a
neutron guide tube and a method of forming multi-layered
asymmetric rod structures.

[0002] Neutron guide tubes are generally formed as
cuboid tubes, wherein the walls of the cuboid tubes are
made up of two pairs of panels called rods and plates.
Fig. 1 shows such a prior art neutron guide tube 100. The
inner sides 102 of the rods 104 and the plates 106 are
coated with a neutron reflecting coating to form an active
surface for guiding a neutron beam within the neutron
guide tube 100. The rods 104 are provided with two base
sides 108 at each end of their inner side 102 which are
perpendicular thereto. In the assembled position each
base side 108 abuts the inner side 102 of the plates 106
thereby defining the w width of the tube 100. Consequent-
ly the tolerance of the w width of the neutron guide tube
100 cannot be less than the tolerance with which the
base side 108 is manufactured. As neutron guide tubes
100 generally need to be relatively long, the tube 100 is
generally made up of a plurality of tube sections each
comprising a pair of rods 104 and plates 106. A variation
in the inner w width of the neutron guide tubes 100 leads
to a break (misaligned surfaces) where two tube sections
meet, which will lead to neutron losses in such regions.
Furthermore, the base side 108 of the rod 104 has to be
affixed to the inner side 102 of the neighbouring plate
106 which is generally done by applying glue 109 be-
tween the two surfaces. The glue 109 will also have a
certain X thickness which is impossible to control accu-
rately, hence this leads to an even greater deviation from
the desired tube-width. For exampile if the tolerance of
the rod 104 is about 0/-0.02, the resulting tolerance of
the w width of the tube 100 will be about +/-0.02 which
will lead to undesirable neutron losses at the junction of
two neighbouring tube sections as explained earlier. A
further drawback of this solution is that the glue 109 is
applied on the inner surface 102 of the plates 106, which
is the active surface provided with the neutron reflecting
coating hence in order not to apply glue on the coating
(which would lead to the peeling off of the coating) a very
precisely sized bordering region of the plates 106 needs
to be left uncovered by the neutron reflecting coating. A
further disadvantage is that the glue 109 is exposed to
the neutron beam and neutron scattering within the neu-
tron guide tube 100 as it is not separated from the inside
of the tube 100 which will eventually lead to the deterio-
ration of the glue 109. If the glue 109 is compromised it
will not hold the rod 104 strong enough and the vacuum
created within the neutron guide tube 100 may lead to
the collapsing of the tube 100. A further disadvantage is
that when the rods 104 and plates 106 are glued together
they are pressed against each other whereby tensional
forces arise, however the abutting surfaces correspond
to the surfaces between which the glue 109 is applied,
hence the rods 104 and plates 106 do not have any neu-
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tral support with respect to each other. Since the rods
104 and the plates 106 are pressed against each other
at certain regions (and not along the whole length of the
neutron guide tube 100) the thickness X of the glue 109
will be smaller at the regions where the pressure is ap-
plied and greater in the other regions. The uneven glue
thickness X may lead to minor torsions of the tube 100
which impairs the neutron guiding efficiency.

[0003] The latter problem is overcome by a second
prior art neutron guide tube 200 illustrated in Fig. 2. As
can be seen the rods 204 are formed with two concave
sides 210 adjacenttheirinner side 202 and the base sides
208 are provided on the concave sides 210. The base
side 208 is perpendicular to the inner side 202 and ad-
jacenttherewith. The concave side 210 further comprises
a closing side 212 which is parallel with the inner side
202 of the rod 204 and spaced apart therefrom by the
base side 208, thus forming a shoulder recess 214 to-
gether with the base side 208. The shoulder recess 214
is dimensioned such as to receive an end side 216 of a
neighbouring plate 206 in the assembled position. This
way the distance of the plates 206 abutting the shoulder
recess 214, i.e. the inner w width of the neutron guide
tube 200, is determined by the distance of the two base
sides 208 formed at each concave side 210 of the rod
204. The glue 209 attaching the neighbouring rods 204
and plates 206 is applied on the two surfaces of the shoul-
der recess 214, i.e. on the base side 208 abutting the
inner side 202 of the neighbouring plate 206 and on the
closing side 212 abutting the end side 216 of the neigh-
bouring plate 206. This has the advantage that even if
the glue 209 weakens the rod 204 will not collapse into
the neutron guide tube 200 as a result of the vacuum
therein since the closing sides 212 of the shoulder recess
214 are supported on the end sides 216 of the plates
206. However, all the other aforementioned problems of
the prior art neutron guide tube 100 illustrated in Fig. 1
remain to be a disadvantage of the present prior art neu-
tron guide tube 200 as well. A further disadvantage of
the prior art tube 200 is that the shoulder recess 214
needs to be manufactured with high precision otherwise
the plates 206 cannot be fitted precisely between the two
rods 204.

[0004] A further common disadvantage of the above
prior art neutron guide tubes 100, 200 is that two different
kinds of elements need to be manufactured, namely rods
104, 204 and plates 106, 206.

[0005] Itis an object of the present invention to over-
come the above problems associated with the prior art.
In particular, it is an object of the invention to provide
uniform elements which allow for the easy assembly of
a neutron guide tube and which are free of all the above
disadvantages of the prior art solutions.

[0006] In a first aspect of the invention an asymmetric
rod for forming a side of a neutron guide tube is provided,
the asymmetric rod having:

@ an inner side for facing the inside of the neutron
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guide tube,

@ an outer side opposite the inner side,

@ an end side connecting the inner side and the outer
side,

characterised by further comprising a concave side con-
necting the inner side and the outer side opposite the
end side, the concave side having a base side adjacent
the inner side and a closing side forming a shoulder re-
cess with the base side, wherein the angle of the shoulder
recess corresponds to the angle formed between the in-
ner side and the end side.

[0007] In a second aspect of the invention a neutron
guide tube having at least four sides is provided. The
neutron guide tube is characterised in that each side of
the neutron guide tube comprises an asymmetric rod
having:

@ aninner side facing the inside of the neutron guide
tube and preferably coated with a neutron reflecting
coating,

@ an outer side opposite the inner side,

@ an end side connecting the inner side and the outer
side, and

@ a concave side connecting the inner side and the
outer side opposite the end side,

the concave side having a base side adjacent the inner
side and a closing side forming a shoulder recess with
the base side, wherein the angle of the shoulder recess
corresponds to the angle formed between the inner side
and the end side.

[0008] In a third aspect of the invention a method is
provided for forming a multi-layered asymmetric rod
structure, characterised in:

- placing an asymmetric rod according to the invention
onto a vacuum table surface with its inner side
against the surface, the asymmetric rod having a first
thickness

- affixing the asymmetric rod to the surface by vacuum
suction,

- applying a support rod on the outer side of the asym-
metric rod, the support rod having a second thick-
ness being greater than the first thickness.

[0009] Further advantageous embodiments of the in-
vention are defined in the attached dependent claims.
[0010] Further details of the invention will be apparent
from the accompanying figures and exemplary embodi-
ments.

Fig. 1ais a schematic cross sectional view of a prior
art neutron guide tube.

Fig. 1b is a partial cross sectional view of the prior
art tube according to Fig. 1a.

Fig. 2ais a schematic cross sectional view of another
prior art neutron guide tube.

10

20

25

30

35

40

45

50

55

Fig. 2b is a partial cross sectional view of the prior
art tube according to Fig. 2a.

Fig. 3a is a schematic cross sectional view of a first
embodiment of an asymmetric rod according to the
invention.

Fig. 3b is a schematic cross sectional view of a first
embodiment of a neutron guide tube made up of four
asymmetric rods according to Fig. 3a.

Fig. 3c is a partial cross sectional view of the tube
according to Fig. 3b.

Fig. 4a - 4c are schematic cross sectional views il-
lustrating the steps of assembling the tube according
to Fig 3b.

Fig. 4d schematically depicts an alternative way of
assembling the four asymmetric rods to form the tube
according to Fig. 3b.

Fig. 5a is a schematic cross sectional view of a sec-
ond embodiment of a neutron guide tube according
to the invention.

Fig. 5b is a schematic cross sectional view of an
alternative to the second embodiment according to
Fig. 5a.

Fig. 6a - 6e are schematic cross sectional views il-
lustrating the steps of forming multi-layered rod
structures and assembling the tube according to Fig
5a.

Fig. 7a is a schematic cross sectional view of a fur-
ther embodiment of a neutron guide tube according
to the invention.

Fig. 7b is a partial cross sectional view of the tube
according to Fig. 7a.

Fig. 8a is a schematic cross sectional view of a fur-
ther embodiment of a neutron guide tube according
to the invention.

Fig. 8b is a partial cross sectional view of the tube
according to Fig. 8a.

Fig. 9 is a schematic cross sectional view of a further
embodiment of a neutron guide tube according to
the invention.

[0011] Fig. 3a depicts a preferred embodiment of an
asymmetric rod 15 according to the invention. Fig. 3b
and 3c shows a preferred embodiment of a neutron guide
tube 10 according to the invention. The neutron guide
tube 10 comprises four uniform asymmetric rods 15 ac-
cording to Fig. 3a. Each asymmetric rod 15 comprises
an inner side 12 which is coated with a neutron reflecting
coating to form an active surface for guiding a neutron
beam within the neutron guide tube 10 and an outer side
13 lying opposite the inner side 12. As can be seen the
plates 15 are formed with a concave side 20 and an op-
posing end side 26 connecting the inner side 12 and the
outer side 13 of the asymmetricrod 10. The concave side
20 of each asymmetric rod 15 comprises a base side 18
adjacent the inner side 12 and perpendicular therewith.
The concave side 20 further comprises a closing side 22
forming a shoulder recess 24 with the base side 18. The
shoulder recess 24 is dimensioned such as to receive at
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least partly the end side 12 of a neighbouring asymmetric
rod 15 when the neutron guide tube 10 is assembled.
The o angle of the shoulder recess 24, i.e. of the angle
formed between the base side 18 and the closing side
22 corresponds to the o angle formed between the inner
side 12 and the end side 26 of the asymmetric rod 15. In
the present embodiment this o angle is 90 degrees.
When the four asymmetric rods 15 are assembled as
illustrated in Fig. 1b to form the neutron guide tube 10
the base side 18 of each asymmetric rod 15 abuts the
inner side 12 of the neighbouring asymmetric rod 10 in
the proximity of its end side 26 while the closing side 22
of the asymmetric rod 15 reaches over the end side 26
of the neighbouring asymmetric rod 10 thereby forming
a closed outer wall. The two asymmetric rods 15 can be
affixed to each other for exampled by glue 19 which is
preferably applied between the closing side 22 of the first
asymmetric rod 15 and the end side 26 of the neighbour-
ing asymmetric rod 15. This way the glue 19 does not
need to be applied on the active inner side 12 of the
asymmetric rod 15 as in the prior art, instead it is applied
on the neutral surfaces of the closing side 22 of the shoul-
der recess 24 and the end side 26.

[0012] A further advantage of this construction is that
the distance between the opposing asymmetric rods 15
is determined by the length of the portion of the asym-
metric rod 15 which is inserted into the shoulder recess
24. Hence the inner w width of the neutron guide tube 10
can be adjusted with greater precision than the manu-
facture of the individual asymmetric rods 15, for example
if the asymmetric rods 15 are manufactured with a toler-
ance of 0/-0,1 a substantially smaller tolerance can be
achieved, such as +/-0,02 for the inner w width of the
assembled tube 10 by precisely setting the distance be-
tween the closing side 22 of the shoulder recess 24 and
the end side 26 of two neighbouring asymmetric rods 15
of the assembled tube 10. This way the costs of manu-
facturing the asymmetric rods 15 can be reduced. Fur-
thermore, the X thickness of the applied glue 19 does
not influence the precision of the fitting as the glue is not
applied on the base side 18 which determines the actual
inner cross section of the tube 10. The tensional and
torsional forces are also eliminated as the supporting sur-
face (the surface of the base side 18) and the fixing sur-
face on which the glue 19 is applied (the surface of the
end side 26 and the closing side 22) do not coincide.
[0013] The costs are further reduced by having to man-
ufacture only one type of element, namely the uniform
asymmetric rod 15 forming all four sides of the neutron
guide tube 10 instead of the prior art rods 104, 204 and
plates 106, 206.

[0014] A preferred way of assembling the neutron
guide tube 10 according to Fig. 1b is illustrated in Figs.
4a - 4c. In the first step illustrated in Fig. 4a two neigh-
bouring plates 15 are assembled and attached to each
other. A gauge block 30 and an auxiliary plate 32 are
used to set the position of a first asymmetric rod 15a and
a second asymmetric rod 15b with respect to each other.
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The cross section of the gauge block 30 determines the
cross section of the neutron guide tube 10 as the asym-
metric rods 15 are arranged on the external faces 34a,
34b, 34c, 34d of the gauge block 30. The auxiliary plate
32 is held against the fourth face 34d of the gauge block
30 such as to extend from this face 34d in the direction
of the neighbouring first face 34a. The extending part of
the auxiliary plate 32 serves as an abutment 36 for the
first asymmetric rod 15 which is pressed against the first
face 34a of the gauge block 30 in the direction indicated
by I. At the same time the first asymmetric rod 15a is
moved along the first face 34a of the gauge block 30 in
the direction indicated by Il so as to abut the abutment
36 of the auxiliary plate 32 extending beyond the fourth
face 34d. When the first asymmetric rod 15a reaches the
abutment 36 the end of the auxiliary plate 32 is at least
partly received in the shoulder recess 24 and the base
side 18 of the firstasymmetricrod 15a abuts the abutment
36 thereby the base side 18 becomes coplanar with the
first face 34a of the gauge block 30.

[0015] Once the first asymmetric rod 15a is arranged
the second asymmetric rod 15b is placed in position by
pressingitagainstthe secondface 34b of the gauge block
30 in the direction indicated by Ill and against the inner
side 12 of the first asymmetric rod 15a in the direction
indicated by IV. When the second asymmetric rod 15b
reaches the first asymmetric rod 15a the base side 18 of
the second asymmetric rod 15b abuts the inner side 12
of the first asymmetric rod 15a and the end side 26 of
the first asymmetric rod 15a is received in the shoulder
recess 24 of the second asymmetric rod 15b. In this po-
sition the width of the free surface of the inner side 12 of
the first asymmetric rod 15a, i.e. the distance measured
from the plane of the inner side 12 of the second asym-
metric rod 15b and the plane of the base side 18 of the
first asymmetric rod 15a, corresponds to the w’ width of
the gauge block 30 as indicated in Fig. 4a.

[0016] The first and the second asymmetric rods 15a,
15b can be affixed to each other using glue 19 between
the end side 26 of the first asymmetric rod 15a and the
closing side 22 of the shoulder recess 24 of the second
asymmetric rod 15b. If the tolerance of the asymmetric
rods 15a, 15b are substantially greater than the tolerance
of the gauge block 30 which determines the precision of
the assembly then in certain cases the end side 26 of the
first asymmetric rod 15a and the closing side 22 of the
second asymmetric rod 15b might be separated from
each other by a small gap in which case other filling ma-
terial such as stainless steel may be used apart from the
glue 19 to fill out the gap. However, any such gap does
not influence the achieved tolerance of the inner w width
of the assembled neutron guide tube 10. Furthermore,
the glue 19 and/or other filling material is separated from
the inside of the tube 10 by the abutting inner side 12 of
the first asymmetric rod 15a and the closing side 22 of
the second asymmetric rod 15b, thus the glue 19 and/or
other filling material does not need to be resistant against
the neutron beams transmitted within the tube 10 or any
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neutron scattering and there is no risk of the glue 19
and/or other filling material deteriorating over the time
due to the neutron scattering.

[0017] Once the first and the second asymmetric rods
15a, 15b are assembled with respect to each other and
the gauge block 30, and affixed to each other the resulting
L-shaped first asymmetric rod assembly 38a is removed
and the first step is repeated with the third and fourth
asymmetric rods 15b, 15¢ as illustrated in Fig. 4b. First
the third asymmetric rod 15c is pressed against the first
face 34a of the gauge block 30 in the direction indicated
by V and against the abutment 36 of the auxiliary plate
32 extending beyond the fourth face 34d of the gauge
block 30 in the direction indicated by VI, whereby the
base side 18 of the third asymmetric rod 15¢ abuts the
abutment 36 and the end of the auxiliary plate 32 is re-
ceived in the shoulder recess 24 of the third asymmetric
rod 15c. After this the fourth asymmetricrod 15d is placed
in position and pressed against the gauge block 30 in the
direction indicated by VII and against the inner side 12
of the third asymmetric rod 15c in the direction indicated
by VIII. Thus the base side 18 of the fourth asymmetric
rod 15d abuts the inner side 12 of the third asymmetric
rod 15c and the end side 26 of the third asymmetric rod
15c is received in the shoulder recess 24 of the fourth
asymmetric rod 15d. In this position the width of the free
surface of the inner side 12 of the third asymmetric rod
15¢, i.e. the distance measured from the plane of the
inner side 12 of the fourth asymmetric rod 15d and the
plane of the base side 18 of the third asymmetric rod 15¢,
corresponds to the w’ width of the gauge block 30 as
indicated in Fig. 4b.

[0018] The third and fourth asymmetric rods 15c¢, 15d
are affixed to each other for example by applying glue
19 between the end side 26 of the third asymmetric rod
15c¢ and the closing side 22 of the fourth asymmetric rod
15d. The resulting L-shaped second asymmetric rod as-
sembly 38b is fitted against the first asymmetric rod as-
sembly 38a as illustrated in Fig. 4c. The second asym-
metric rod assembly 38b is pressed against the first
asymmetric rod assembly 38a by pressing the side
formed by the forth asymmetric rod 15d in the direction
indicated by IX. As a result, the base side 18 of the third
asymmetric rod 15c abuts the inner side 12 of the second
asymmetric rod 15b whereby the inner W, width of the
tube 10 parallel with the third asymmetric rod 15c is set.
Note that this W, width corresponds to the w’ width of
the gauge block 30, since the second asymmetric rod
assembly 38b assumes the same position with respect
to the second asymmetric rod 15b as previously during
assembly with respect to the auxiliary plate 32. The de-
sired W, width of the tube 10 parallel with the second
and fourth asymmetric rods 15b, 15d (which is preferably
equal to the W, width) can be set by pushing the second
asymmetric rod assembly 38b against the first asymmet-
ric rod assembly 38a in the direction indicated by X to
the desired position. The same gauge block 30 is pref-
erably used for setting this distance at least at the two
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ends of the neutron guide tube 10. However, other known
means can be used to position the second asymmetric
rod assembly 38b with respect to the first asymmetric rod
assembly 38a as well.

[0019] The asymmetric rods 15 can be assembled in
various other ways, for example an external adjusting
frame 40 with adjusting screws 42 may be used to set
the desired position of the asymmetric rods 15 as illus-
trated in Fig. 4d. The adjusting screws 42 can be screwed
in to reach inside the frame 40 for setting the distance of
the asymmetric rods 15 from the sides of the adjusting
frame 40 and thereby setting the outer cross section of
the tube 10. The asymmetric rods 15 as assembled in
Fig 4c are placed within the adjusting frame 40, the
screws 42 are screwed in so as to determine the desired
position of the outer sides 13 of the asymmetric rods 15,
andthe asymmetricrods 15 are forced againstthe screws
42 in the directions indicated by A, B, C, D (e.g. by ap-
plying vacuum suction on the outer sides 13 of the asym-
metric rods 15 and pulling the asymmetric rods 15 in the
directions A, B, C, D) until the outer sides 13 of the asym-
metric rods 15 abut the screws 42. Preferably, the use
of the gauge block 30 and the use of the adjusting frame
40 are combined: in the proximity of the two ends of the
neutron guide tube 10 the L-shaped asymmetric rod as-
semblies 38a, 38b are set with respect to each other us-
ing the gauge block 30, while at the middle section of the
tube 10 the position of the asymmetric rods 15a, 15b,
15¢, 15d is corrected by using the external adjusting
frame 40. Another gauge block 30 having a width corre-
sponding to the desired external W5 width of the neutron
guide tube 10 may also be used to set the position of the
screws 42 of the adjusting frame 40. This way an ex-
tremely precise alignment can be achieved along the
whole of the asymmetric rods 15 and the tube 10 itself.
[0020] Fig. 5a illustrates another preferred embodi-
ment of the neutron guide tube 10 according to the in-
vention. The neutron guide tube 10 comprises multi-lay-
ered rod structures 50 having an inner asymmetric rod
15 and an outer support rod 75 which is preferably of the
same asymmetric construction as the inner asymmetric
rod 15. The inner side 12 of the inner asymmetric rod 15
faces the inside of the neutron guide tub 10 and is coated
with a neutron reflecting coating. The outer side of the
asymmetric rod 15 is attached to the support rod 75 pref-
erably by glue 19. The inner asymmetric rod 15 is pref-
erably a thin glass of about 2 - 6 mmand of a flatness in
the magnitude of 10-5 radian (0.00001 radian), while the
support rod 75 is preferably a substantially thicker carrier
layer of about 10 - 25 mm. The multi-layered rod structure
50 may be a glass-glass structure using float and/or boro-
float glass, alternatively it may be a glass-metal structure,
e.g. theinner asymmetric rod 15 may be of float/borofloat
glass, while the support rod 75 may be of steel. Further
possible multi-layered structures as well as their manu-
facture is disclosed in PCT/HU2007/00033. According to
a preferred embodiment of the invention the multi-layered
rod structure 50 is formed by assembling the inner asym-
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metric rod 15 and the outer support rod 75, which is also
in the form of an asymmetric rod, with respect to each
other, a vacuum gauge block 54 and two spacers 563,
56b as illustrated in Figs. 6a - 6e. The vacuum gauge
block 54 has at least one vacuum table surface 58 on
which the inner asymmetric rod 15 is placed. The two
spacers 56a, 56b are placed against the two opposite
faces 60a, 60c of the vacuum gauge block 54 bordering
the vacuum table surface 58. The length of the first spacer
56ais such as to extend beyond the first face 60a by less
then the length of height of the base side 18 of the inner
asymmetric rod 15 in order to provide an abutment 62
for the base side 18. In the first step of the method illus-
trated in Fig. 6a the asymmetric rod 15 is placed on the
vacuum table surface 58 so as to abut the abutment 62
of the first spacer 56a, then the vacuum gauge block 54
is turned on and the inner surface 12 of the asymmetric
rod 15 is affixed to the vacuum table surface 58 by vac-
uum suction. The vacuum table surface 58 is preferably
a surface of very high flatness, preferably at least about
10-5 radian, whereby the thin asymmetric rod 15 assumes
the same flatness.

[0021] The outer support rod 75 comprises an inner
side 72 which is placed on the outer side 13 of the asym-
metric rod 15. The support rod 75 further comprises an
outer side 73 opposite its inner side, an end side 86 con-
necting its inner side 72 with its outer side 73 and a con-
cave side 80 connecting its inner side 72 with its outer
side 73 opposite its end side 86. The concave side 80 of
the support rod 75 has a first side 78 adjacent the inner
side 72 and a second side 82 forming a shoulder recess
84 with the first side 78. The angle of the corner formed
within the shoulder recess 84 corresponds to the angle
formed between the inner side 72 and the end side 86
of the support rod 75, which is 90 degrees in the present
embodiment.

[0022] The dimension of the shoulder recess 84 of a
first support rod 75a is designed such as to receive the
end side 86 of a second supportrod 75b of a neighbouring
multi-layered rod structure 50b when the base side 18 of
the second asymmetric rod 15b is abutted against the
inner side 12 of the first asymmetric rod 15a adjacent the
end side 82 of the first asymmetric rod 15a as illustrated
in Fig. 6c.

[0023] As can be seen in Fig. 6a the thicker support
rod 75 is placed on the outer side 13 of the asymmetric
rod 15 such as to abut the second spacer 56b. The sec-
ond spacer 56b is provided with an abutment 64 extend-
ing beyond the third face 60c of the vacuum gauge block
54 when fitted against this third face 60c. The abutment
64 is dimensioned such as to assume the required posi-
tion of the neighbouring support rod 75 of the neighbour-
ing multi-layered rod structure 50 when the neutron guide
tube 10 is assembled. Thus the abutment 64 extends
over the inner asymmetric rod 15 and into the shoulder
recess 84 of the support rod 75 whereby the first side 78
ofthe supportrod 75 can be abutted against the abutment
64. The inner asymmetric rod 15 and the outer support
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rod 75 are affixed to each other by glue 19 applied be-
tween the outer side 13 of the asymmetric rod 15 and
the inner side 72 of the support rod 75. After the binding
of the glue 19 has taken place the vacuum can be turned
off and the multi-layered rod structure 50 can be removed
from the vacuum table surface 58. This step is repeated
three more times in order to fabricated three more multi-
layered rod structures 50 for forming the neutron guide
tube 10. It should be noted that it is also possible to pre-
pare the multi-layered rod structures 50 on any conven-
tional vacuum table using similar spacer elements which
are arranged on the vacuum table with the desired spac-
ing to provide the required abutments 62, 64 for position-
ing the outer support rod 75 with respect to the inner
asymmetric plate 15.

[0024] In the fifth step the second spacer 56b is re-
moved and the first multi-layered rod structure 50a is
placed on the surface 58 of the vacuum gauge block 54
such as to abut the abutment 62 of the first spacer 56a
with the base side 18 of the inner asymmetric rod 15
whereby the base side 18 becomes coplanar with the
surface 58 of the vacuum gauge block 54.

[0025] In the sixth step a second multi-layered rod
structure 50b is fitted against the third face 60c of the
gauge block 54 and the first multi-layered rod structure
50a such as to abut the inner side 12 of the first multi-
layered rod structure 50a with the base side 18 of its inner
asymmetric rod 15b. The end side 82 of the support rod
75b of the second multi-layered rod structure 50b is re-
ceived in the shoulder recess 84 of the support rod 75a
of the first multi-layered rod structure 50a. The first and
second multi-layered rod structures 50a, 50b are affixed
to each other in this position e.g. using glue 19 which can
be applied between the end side 26 of the first asymmet-
ric rod 15a and the closing side 22 of the second asym-
metric rod 15b and/or between the end side 86 of the
second support rod 75b and the second side 82 of the
shoulder recess 84 of the first support rod 75a. Note that
the first side 78 of the shoulder recess 84 of the first
support rod 75a does not need to abut the inner side 72
of the second support rod 75b since the position of the
two multi-layered rod structures 50a, 50b with respect to
each other is determined by the two inner asymmetric
rods 15a, 15b and in particular by the base side 18 of the
second asymmetric rod 15b and the inner side 12 of the
first asymmetric rod 15a. Once this step is completed the
resulting L-shaped multi-layered rod assembly 90a is re-
moved and the sixth step is repeated in the seventh step
in order to produce a second L-shaped multi-layered rod
assembly 90b.

[0026] In the eighth and ninth step the two L-shaped
multi-layered rod assemblies 90a, 90b are fitted against
each other such that first the second L-shaped multi-lay-
ered rod assembly 90b is pressed against the first L-
shaped multi-layered rod assembly 90a in the direction
indicated by | in order to achieve the desired inner wy
width of the neutron guide tube 10 by setting the distance
between the fourth multi-layered rod structure 50d of the



11 EP 2 477 192 A1 12

second multi-layered rod assembly 90b and the second
multi-layered rod structure 50b of the first multi-layered
rod assembly 90a. The gauge block 54 can be used to
set the desired W, distance corresponding to the cross
sectional w’ width of the gauge block 54.

[0027] Inthe ninth step the distance between the third
multi-layered rod structure 50c of the second multi-lay-
ered rod assembly 90b and the first multi-layered rod
structure 50a of the first multi-layered rod assembly 90a
(i.e. the w, width which is preferably equal with the wy
width) is set by pressing the second L-shaped multi-lay-
ered rod assembly 90b against the first L-shaped multi-
layered rod assembly 90a in the direction indicated by .
Again, the gauge block 54 may be used to set the desired
distance.

[0028] The two L-shaped multi-layered rod assemblies
90a, 90b can be affixed to each other e.g. by glue 19
which can be applied between the end side 26 of the
fourth asymmetric rod 15d and the closing side 22 of the
first asymmetric rod 15a and/or between the end side 86
of the first support rod 75a and the second side 82 of the
shoulder recess 84 of the fourth support rod 75d. Simi-
larly, the glue 19 is preferably applied between the end
side 26 of the second asymmetric rod 15b and the closing
side 22 of the third asymmetric rod 15¢ and/or between
the end side 86 of the third support rod 75¢ and the sec-
ond side 82 of the shoulder recess 84 of the second sup-
port rod 75b.

[0029] Note, that in the described arrangement the
glue 19 is never applied on a surface adjacent the inner
side 12 of the inner asymmetric rod 15 and the thickness
of the glue 19 does not influence the inner w width of the
resulting neutron guide tube 10 since this is determined
by the abutting surfaces of the base sides 18 and the
inner sides 12 of the inner asymmetric rods 15.

[0030] The above described construction wherein the
supportrod 75is of an asymmetric structure is particularly
advantageous from the point of view of stable fitting, how-
ever the support rods 75 could be made with two straight
end sides 86 as well since the inside of the guide tube
10 is formed by the inner asymmetric rods 15 in this em-
bodiment as well. In this case the support rods 75 are
preferably manufactured by a tolerance of 0/-0.02. Such
a construction is illustrated in Fig. 5b.

[0031] Itis also conceivable to form a multi-layered rod
structure 50 with more than two layers, for example ap-
plying a support rod 75 on the outer side 13 of the asym-
metric rod 15 is carried out by interposing a thin interme-
diate layer between the inner asymmetric plate 15 and
the outer support rod 75, or further layers are provided
outside of the supportrod 75. The neutron reflecting coat-
ing on the inner side 12 of the asymmetric plate 15 may
be regarded as a thin layer as well.

[0032] Fig.7aand 7b depict another preferred embod-
iment of the asymmetric rod 15 and the neutron guide
tube 10 according to the invention. The neutron guide
tube 10 has a regular hexagonal cross section compris-
ing six uniform asymmetric rods 15. The asymmetric rod
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15 is similar to the previously described embodiments,
the only difference being that the shoulder recess 24 at
the concave side 20 is formed at an angle with the inner
side 12 of the asymmetric rod 15, i.e. the base side 18
is not perpendicular to the inner side 12, instead the o
angle between the base side 18 and the inner side 12 is
60 degrees. The angle of the shoulder recess 24, i.e. the
angle between the base side 18 and the closing side 22
is 90 degrees, in order to receive the end side 26 of a
neighbouring asymmetric rod 15 (which is perpendicular
to the inner side 12) when the plates 15 are assembled
to form the neutron guide tube 10 as illustrated in Fig.
7a. The asymmetricrods 15 are preferably affixed to each
other by glue 19, which is applied between the end side
26 and the closing side 22 of the neighbouring asymmet-
ric rods 15. This way the inner cross sectional dimension
ofthe tube 10 is determined by the base sides 18 abutting
the inner sides 12 of the neighbouring asymmetric rods
15 whereby the glue 19 is sealed of from the inside of
the tube 10 on the one hand and on the other hand the
X thickness of the glue 19 does not affect the precise
fitting of the asymmetric rods 15 as the inner length of
each side of the regular hexagon tube 10 (i.e. the w width
of the inner side 12 exposed to the inside of the tube 10)
can be set by adjusting the L length of the base side 18
which abuts the inner side 12 of the neighbouring asym-
metric rod 15.

[0033] Fig. 8aand 8b depict another preferred embod-
iment of the asymmetric rod 15 and the neutron guide
tube 10 according to the invention. In this embodiment
the neutron guide tube 10 has a regular octagonal cross
section comprising eight uniform asymmetric rods 15.
The asymmetric rods 15 according to this embodiment
differ from the previous embodiment in that the o angle
between the base side 18 and the inner side 12 is 45
degrees. The angle of the shoulder recess 24 i.e. the
angle between the base side 18 and the closing side 22
is 90 degrees in order to receive the end side 26 of a
neighbouring asymmetric rod 15 which is perpendicular
to the inner side 12.

[0034] Generally, if the neutron guiding tube 10 has a
regular n-sided polygonal cross section, and the end side
26 to be received by the shoulder recess 24 of the asym-
metric rod 15 forms a right angle with the inner side of
the plate 15 as in the previously described embodiments
than it is easy to calculate that the o. angle between the
base side 18 and the inner side 12 is:

360
a=—.
n

[0035] It is also conceivable to form the end side 26
and the inner side 12 of the asymmetric rod 15 with a
smaller or greater o angle than 90 degrees, in which case
the shoulder recess 24 is formed with a corresponding
o angle in order to receive the end side 26 of a neigh-
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bouring asymmetric rod 15 as illustrated in Fig 9, wherein
fourasymmetric rods 15 make up the four walls of another
neutron guide tube 10 according to the invention.
[0036] However, an o angle of 90 degrees between
the base side 18 and the closing side 22 of the shoulder
recess 24 is particularly advantageous from the point of
view of manufacture, as the right angle shoulder recess
24 can be simply formed by a rotating cylindrical grinding
tool as known in the art, and the end side 26 can be
simply cut perpendicular to the inner side 12 and outer
side 13 of the asymmetric rod 15 in this case.

[0037] The above-described embodiments are intend-
ed only as illustrating examples and are not to be con-
sidered as limiting the invention. Various modifications
will be apparent to a person skilled in the art without de-
parting from the scope of protection determined by the
attached claims.

Claims

1. Asymmetric rod (15) for forming a side of a neutron
guide tube (10), the asymmetric rod (15) having:

@ an inner side (12) for facing the inside of the
neutron guide tube (10),

@ an outer side (13) opposite the inner side (12),
@ an end side (26) connecting the inner side
(12) and the outer side (13),

characterised by further comprising a concave side
(20) connecting the inner side (12) and the outer side
(13) opposite the end side (26), the concave side
(20) having a base side (18) adjacent the inner side
(12) and a closing side (22) forming a shoulder re-
cess (24) with the base side (18), wherein the angle
of the shoulder recess (24) corresponds to the angle
formed between the inner side (12) and the end side
(26).

2. Asymmetric rod according to claim 1, wherein the
angle formed between the inner side (12) and the
end side (26) and the angle between the base side
(18) and the closing side (22) are both right angles.

3. Asymmetric rod according to claim 2, wherein the
asymmetric rod (15) is for forming the side of a neu-
tron guide tube (10) having a regular polygon cross-
section of n sides and the angle between the base
side (18) and the inner side (12) is:

360
a=—.
n

4. Asymmetric rod according to any of claims 1 to 3,
wherein the inner side (12) of the asymmetric rod
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(15) is coated with a neutron reflecting coating in
order to form an active surface of the neutron guide
tube (10).

Asymmetric rod according to any of claims 1 to 4,
wherein the outer side (13) of the asymmetric rod
(15) is attached to a support rod (75) and forms a
multi-layered asymmetric rod structure (50) there-
with.

Asymmetric rod according to claim 5, wherein the
support rod (75) comprises:

@ an inner side (72) facing the outer side (13)
of the asymmetric rod (15),

@ an outer side (73) opposite its inner side (72),
@ an end side (86) connecting its inner side (72)
with its outer side (73), and

@ a concave side (80) connecting its inner side
(72) with its outer side (73) opposite its end side
(86),

the concave side (80) of the support rod (75) having
a first side (78) adjacent the inner side (72) and a
second side (82) forming a shoulder recess (84) with
the first side (78), wherein the angle of the shoulder
recess (84) corresponds to the angle formed be-
tween the inner side (72) and the end side (26) of
the supportrod (75), and the dimension of the shoul-
der recess (84) is designed such as to receive at
least partly an end side (86) of a support rod (75) of
an identical multi-layered rod structure (50) when the
base side (18) of an asymmetric rod (15) of the iden-
tical multi-layered rod structure (50) is abutted
againstthe inner side (12) of the asymmetricrod (15)
in the proximity of the end side (26) of the asymmetric
rod (15).

Neutron guide tube (10) having at least four sides
characterised in that each side of the neutron guide
tube (10) comprises an asymmetric rod (15) having:

@ an inner side (12) facing the inside of the neu-
tron guide tube (10) and preferably coated with
a neutron reflecting coating,

@ an outer side (13) opposite the inner side (12),
® an end side (26) connecting the inner side
(12) and the outer side (13), and

@ a concave side (20) connecting the inner side
(12) and the outer side opposite the end side,

the concave side (20) having a base side (18) adja-
cent the inner side (12) and a closing side (22) form-
ing a shoulder recess (24) with the base side (18),
wherein the angle of the shoulder recess (24) corre-
sponds to the angle formed between the inner side
(12) and the end side (26).
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Neutron guide tube according to claim 7, wherein
the asymmetric rods (15) are arranged such that the
base side (18) of each asymmetric rod (15) abuts
the inner side (12) of the neighbouring asymmetric
rod (15) in the proximity of the end side (26) of the
neighbouring asymmetric rod (15), whereby the end
side (26) of the neighbouring asymmetric rod (15) is
at least partly received within the shoulder recess
(24) of the asymmetric rod (15) and the end side (26)
of the neighbouring asymmetric rod (15) is attached
to the closing side (22) of the receiving shoulder re-
cess (24).

Neutron guide tube according to claim 8, wherein
the angle formed between the inner side (12) and
the end side (26) and the angle between the base
side (18) and the closing side (22) of each asymmet-
ric rod (15) are both right angles.

Neutron guide tube according to claim 9, having a
regular polygon cross-section of n sides, each side
comprising an asymmetric rod (15) and the angle
between the base side (18) and the inner side (12)
of each asymmetric rod (15) is:

_360
60,

(24

Neutron guide tube according to any of claims 7 to
10, wherein the outer side (13) of each asymmetric
rod (15) is attached to a support rod (75) and forms
multi-layered asymmetric rod structure (50) there-
with.

Neutron guide tube according to claim 11, wherein
the support rod (75) comprises:

@ an inner side (72) facing the outer side (13)
of the asymmetric rod (15),

@ an outer side (73) opposite its inner side (72),
@ an end side (86) connecting its inner side (72)
with its outer side (73), and

@ a concave side (80) connecting its inner side
(72) with its outer side (73) opposite its end side
(86),

the concave side (80) of the support rod (75) having
a first side (78) adjacent the inner side (72) and a
second side (82) forming a shoulder recess (84) with
the first side (78), wherein the angle of the shoulder
recess (84) corresponds to the angle formed be-
tween the inner side (72) and the end side (86) of
the support rod (75), and the dimension of the shoul-
der recess (84) is designed such as to receive at
least partly an end side (86) of a support rod (75) of
an identical multi-layered rod structure (50) when the
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13.

14.

base side (18) of an asymmetric rod (15) of the iden-
tical multi-layered rod structure (50) is abutted
againstthe inner side (12) of the asymmetricrod (15)
in the proximity of the end side (26) of the asymmetric
rod (15).

Method for forming a multi-layered asymmetric rod
structure, characterised in:

- placing an asymmetric rod (15) according to
any of the claims 1 to 4 onto a vacuum table
surface (58) with its inner side (12) against the
surface (58), the asymmetric rod (15) having a
first thickness

- affixing the asymmetric rod (15) to the surface
(58) by vacuum suction,

- applying a support rod (75) on the outer side
(13) of the asymmetric rod (15), the support rod
(75) having a second thickness being greater
than the first thickness.

Method according to claim 13, characterised in that
the support rod (75) comprises:

@ an inner side (72) facing the outer side (13)
of the asymmetric rod (15),

@ an outer side (73) opposite its inner side (72),
@ an end side (86) connecting its inner side (72)
with its outer side (73), and

@ a concave side (80) connecting its inner side
(72) with its outer side (73) opposite its end side
(86), the concave side (80) of the support rod
(75) having a first side (78) adjacent the inner
side (72) and a second side (82) forming a shoul-
der recess (84) with the first side (78), wherein
the angle of the shoulder recess (84) corre-
sponds to the angle formed between the inner
side (72) and the end side (26) of the support
rod (75),

the method further comprising the steps of:

- providing a first spacer (56a) and placing the
asymmetric rod (15) onto the vacuum table sur-
face (58) such as to abut the first spacer (56a)
with its base side (18), and

- providing a second spacer (56b) and placing
the asymmetric rod (15) onto the vacuum table
surface (58) such as to abut the second spacer
(56b) with the first side (78) of its concave side
(20)

wherein the first and the second spacers (56a, 56b)
are arranged at such a distance from each other that
the resulting multi-layered asymmetric rod structure
(50) is dimensioned such that:

® when an end side (26) of an identical asym-
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metric rod (15) of an identical multi-layered rod
structure (50) is at least partly received within
the shoulder recess (24) of the asymmetric rod
(15) then the end side (86) of the support rod
(75) is at least partly received within a shoulder
recess (84) of a support rod (75) of the identical
multi-layered rod structure (50) and

@ when the end side (26) of the asymmetric rod
(15) is at least partly received within a shoulder
recess (24) of the asymmetric rod (15) of the
identical multi-layered rod structure (50) then an
end side (86) of the support rod (75) of the iden-
tical multi-layered rod structure (50) is at least
partly received within the shoulder recess (84)
of the support rod (75).
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