» UK Patent Application .GB .2 175698 A

(43) Application published 3 Dec 1986

(21) Application No 8612115
{22) Date of filing 19 May 1986

(30} Priority data
(31) 8512907 (32) 22 May 1985  (33) GB

{71) Applicant
Smiths Industries Public Limited Company (United
Kingdom),
765 Finchley Road, London NW11 8DS

(72) Inventors
Keith Alan Beckley
Neil Reginald Jacob
Geoffrey Arnold Trussler

(74) Agent and/or Address for. Service
J. M. Flint,
765 Finchley Road, London NW11 8DS

(51) INT CL*
GO1F 23/26

(52) Domestic classification (Edition H):
G1N 19B2B 19H6A 19H6B
U1S 1359 1807 1839 G1N

{56) Documents cited
None

(58) Field of search
G1N
Selected US specifications from IPC sub-classes GO1F
GO1IN

{54) Capacitive fluid-gauging
probes and their manufacture

(57) A characterised inner electrode
(20) for a capacitive fuel-gauging
probe (1) comprises several discrete
tubular sections (31, 32, 33) of
different diameters which are joined
together end-to-end by metal
coupling pieces {34, 35). One or
more of the tubular sections (31, 32)
has two regions (21 and 22, 23 and
24) of different diameters that are
continuous with one another, the
small diameter region {21, 24) being
formed by swaging down from the
larger diamete region {22, 23). The
coupling piece (34, 35) has.two
shoulders to which the ends of the
tubular sections are electron-beam
welded. The coupling piece also has
respective annular recesses into
which a low viscosity adhesive is
introduced via overlying apertures in
the tubular. sections, after welding,
so as to form an adhesive joint
between the coupling piece and the
tubular sections. The ends of the
coupling piece (34) are a close fit
within the tubular sections (31, 32)
and extent into them by distance at
least twice the diameter of the
coupling piece.
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SPECIFICATION
Fluid-gauging probes and their manufacture

This invention relates to fluid-gauging probes
and their manufacture.

Fuel and other fluid levels in, for example,
aircraft may be measured by means of a capa-
citance probe comprising an outer iubular
electrode and an inner coaxial elecirode. The
probe is mounted to extend vertically in the
fuel tank such that fuel fills the outer electrode
to the same height as fuel in the tank. As the
fuel level in the tank changes, therefore, a
corresponding change in the level of fue! in
the outer electrode is produced which causes
a change in the value of capacitance between
the two electrodes. By measuring the capaci-
tance, the fuel level can be determined.

In many applications, the tank in which the
probe is mounted does not have the same
sectional area or profile at all heights, so that
the same change in volume of fuel will not
produce an identical change in depth at differ-
ent heights. This, therefore, would cause the
output of a conventional probe to be non-
linear with volume. In order to compensate for
this, the probe is commonly characterised in
some way so that its output changes uni-
formly with volume, rather than with height.
The usual way of characterising such a probe
is by varying the diameter of the inner elec-
trode along its length. In this way, the gap
between the inner electrode and outer elec-
trode varies so that the change in capacitance
as the gap is filled with fuel correspondingly
varies.

The inner electrode can be constructed in
different ways. The electrode could be ma-
chined with the required profile from a solid
rod of material. This, however, is an expen-
sive process and results in a heavy electrode
which puts a correspondingly greater stress
on its mounting when subject to vibration and
shock. A thinner electrode can be produced
by electro-depositing a metal coating onto a
mandrel preformed to the required shape, the
mandrel subsequently being dissolved or
melted away to leave the outer metal shell.
This electro-deposition process requires an ex-
pensive manufacturing plant which is not justi-
fied for only making low numbers of probes.
The process itself is also expensive because
of the need to make a mandrel for every
probe. Another form of electrode is made up
of discrete lengihs of tubing of different dia-
meters joined together by means of coupling
pieces and rivets. This form of probe also has
disadvantages, however, in that it can be diffi-
cult to establish a good electrical continuity
between the diffrent sections of tubing. This
can be aggravated in time i the coupling
pieces or tubing becomes corroded. Vibration
and other forces on the probe can also pro-
duce high siresses on the joints and tend to

70

75

80

85

90

100

105

110

115

120

128

130

loosen them. The rivets and the holes through
the rivets cause electrical non-uniformity in the
region of the joints and can affect the probe
characteristic for fuel levels in these regions.

It is an object of the present invention to
provide a fluid-gauging probe and electrode
which can be used to alleviate these disadvan-
tages.

According to one aspect of the present in-
vention there is provided a tubular inner elec-
trode for a capacitive fluid-gauging probe, the
eiectrode having different diameters at differ-
ent points along its length, the inner electrode
including at least two discrete tubular sections
of different diameters that are coupled with
one another, at least one of the tubular sec-
tions having two regions of different diameters
that are integral with one another, the region
of small diameter being formed by mechani-
cally reducing the diameter of the section from
that of the region of larger diameter, and the
other of the tubular sections having a diameter
different from that of the region of the said
one section to which it is coupled.

The region of smaller diameter may be
formed by swaging down the tubular section
from the diameter of the region of larger dia-
meter. One of the tubular sections may have a
constant diameter along its length. Each tubu-
lar section may be of aluminium.

The two sections are preferably coupled to-
gether by a joint including a substantially cylin-
drical metal coupling piece one end of which
projects within one tubular section and the
other end of which projects within the other
tubular section, the coupling piece having re-
spective shoulders between its ends against
which each tubular section abuts and is
welded, and each end of the coupling piece
having a respective recess contaning an adhe-
sive which forms an adhesive joint between
the coupling piece and the respective tubular
sections.

The weld between the shoulders and the
respective tubular seciion may be an electron-
beam weld. The recess may be an annular
recess around the coupling piece.

Each tubular section may have an aperiure
overlying the respective recess by which the
adhesive is introduced to the recess after the
tubular sections have been welded to the cou-
pling piece. The adhesive is preferably a low
viscosity adhesive and maybe a cyanoacrylate
adhesive. The length of each end of the cou-
pling piece that projecis within the respective
tubular section is preferably at least twice ihe
diarmeter of the respective end. The coupling
piece may be of aluminium. Each end of the
coupling piece is preferably an interference fit
within the respeciive tubular section.

According to another aspect of the present
inventiion there is provided a capacitive fluid-
gauging probe including an outer tubular elec-
trode and an inner electrode according to the
above-mentioned one aspect of the present
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invention.

According to a further aspect of the present
invention there is provided a method of manu-
facturing a tubular inner electrode of a capaci-
tive fluid-gauging probe comprising the steps
of: providing a first tubular section of a first
diameter; mechanically reducing the diameter
of a region of said first section to produce a
second region along said section of a second
diameter less than said first diameter; provid-
ing a second tubular section having a region
at least of its length of a third diameter differ-
ent from said first or second diameter; and
joining said second section to the region of
said first section having a diameter different
from that of said second tubular section.

The second region may be produced by
swaging down the first section from the dia-
meter of the first region. The first section is
preferably trimmed 1o a desired length after
providing the second region. The second sec-
tion may be joined to the first section by
means of a metal coupling piece, opposite
ends of the metal coupling piece being in-
serted in the end of the respective first and
second sections, the two sections being
welded to the coupling piece, and an adhesive
being subsequently introduced between the
ends of the coupling piece and both the tubu-
lar sections such as to form an adhesive joint
between the tubular sections and the coupling
piece. The two sections may be electron-
beam welded to the coupling piece.

According to yet another object of the pre-
sent invention there is provided a tubular inner
electrode of a capacitive fluid-gauging probe
manufactured by the above-mentioned further
aspect of the present invention.

An aircraft capacitance fuel-gauging probe
and its method of manufacture in accordance
with the present invention, will now be de-
scribed, by way of example, with reference to
the accompanying drawings, in which:

Figure 1 is a partly cut-away side elevation
of the probe; and

Figure 2 is a sectional side elevation show-
ing a part of the probe in greater detail.

With reference first to Fig. 1, the fuel-gaug-
ing probe 1 is mounted to extend vertically in
a fuel tank 2. The probe has an outer tubular
electrode 10 of aluminium that is open at the
lower end 11 of the probe 1 so that it is
filled with fuel to the same height as fuel in
the tank 2. An inner electrode 20 extends
coaxially within the outer electrode 10 being
separated from it by an air gap that is filled or
emptied as the level of fuel changes, thereby
changing the capacitance between the two
electrodes. The fuel level is measured in the
usual way by measuring the capacitance be-
tween the two electrodes 10 and 20.

The fuel tank 2 has an irregular profile such
that a unitary change in depth of fuel at differ-
ent heights is equivalent, in general, to differ-
ent changes in volume. To compensate for
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this, the inner electrode 20 is characterised by
varying its diameter along its length, such that
the same change in volume of fuel at any
height produces the same change in capaci-
tance of the probe 1. In this way, the capaci-
tance output of the probe 1 can be used di-
rectly to provide a measure of fuel volume.

In the present example, the inner electrode
20 has five regions 21 to 25 along its length
of different diameters corresponding to equiva-
lent regions of the tank 2 where horizontal
sections of the tank have different areas. The
electrode 20 is made up of three discrete tu-
bular sections 31 to 33 that are joined end to
end by coupling pieces 34 and 35, although
any number of sections can be similarly coup-
led together. Each section is made of a low-
copper aluminium NT4 and is of circular cross
section. The upper two sections 31 and 32
each have two regions of differing diameters
that are integral and continuous with one
another. The smaller diameter region 21 or 24
is formed by reducing the diameter of the sec-
tion from that of the larger region. This may
be done by swaging or any similar mechanical
operation. The swaging process will produce a
short tapered region 36 and 37 in each sec-
tion between the two regions of different dia-
meter.

The lower section 33 has a constant dia-
meter along its length.

With reference now also to Fig. 2, the cou-
pling piece 34 will now be described in
greater detail. The coupling piece 34 is of uni-
tary, one-piece construction and is machined
from aluminium NE8. The shape of the cou-
pling piece 34 is generally cylindrical and tubu-
lar, having a longitudinal bore 40. Opposite
ends 41 and 42 project within the lower end
of the upper section 31 and the upper end of
the intermediate section 32 respectively, each
end being of a close, interference fit within
the respective sections. Two annular shoul-
ders 43 and 44, equal in height to the thick-
ness of the sections 31 and 32, are formed
towards the centre of the coupling piece 34.
Each annular shoulder 43 and 44 abuts the
end of respective sections 31 and 32 and
limits the extent of penetration of the coupling
piece into the tubular sections. In this respect,
the distance (L1 and L2) by which opposite
ends of the coupling piece 34 project into the
tubular sections 31 and 32 is preferably at
least about twice the diameter (D1 and D2) of
the end of the coupling piece within that tubu-
lar section.

An orbital electron beam weld joint 45 and
46 is formed between the shoulders 43 and
44 and the end of the abutting tubular sec-
tion.

The joint between the coupling piece 34
and the tubular sections 31 and 32 is further
enhanced by means of an adhesive 59. A
shallow annular recess 47 and 48 is provided
around opposite ends of the coupling piece
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34 to underlie the tubular sections 31 and 32,
typically of a depth between 0.05mm and
0.08mm and this is filled with adhesive 69 to
form an additional joint between the coupling
piece and tubular sections.

The other coupling piece 35 is of similar
shape to the coupling piece 34 described, al-
though its dimensions are different to provide
a similar interference fit.

Manufacture and assembly of the inner elec-
trode 20 is relatively simple and of low cost.
First, two lengths of stock tubing are selected
equal in diameter respectively to the larger re-
gions 22 and 23 of the electrode 20. One
end of each length of tubing is then swaged
down in diameter to that required for the
smaller regions 21 and 24. Each piece of tub-
ing is then trimmed at opposite ends to give
the required length for each region and is
thoroughly cleaned. The lower tubular section
33 can be cut directly from stock tubing. The
coupling pieces 34 and 35 are similarly
cleaned and pushed into the respective tubular
sections 31, 32 and 33 as an interference fit.
In this respect, the ends of each tubular sec-
tion 31 to 33 will need to be reamed to pro-
duce an interference fit. To aid insertion it
may be necessary to use methylated spirits as
a lubricant. After assembly, an oribital electron
beam weld 45 and 46 is formed between the
coupling pieces 34 and 35 and the tubular
sections 31 and 32, 32 and 33. Once the
welds have been made, the adhesive can be
introduced between the coupling pieces and
the tubular sections. To do this, a small aper-
ture 57 and 58 is provided in each section
overlying the respective recess 47 and 48 in
the coupling piece. A low viscosity adhesive
59, such as a cyanoacrylate adhesive, is then
introduced via the apertures 57 and 58 which
wicks around the recess 47 and 48 by capil-
lary action. It is preferable to apply the adhe-
sive 69 after welding since otherwise the ad-
hesive could evaporate and interfere with the
welding process when the vacuum required
for the welding is pulled.

The number of joints is reduced in this as-
sembly by forming two regions of different
diameters in a unitary one-piece section. It has
been found preferable only to have two re-
gions of different diameters in any section
when the diameter is reduced by swaging or a
similar mechanical process, since further work-
ing of the material in order to produce a third
region, is liable to produce deformation, dis-
tortion and inaccuracies.

The welded joints provided by the present
invention produce good electrical continuity
between adjacent sections. The mechanical
properties of the joint are improved by having
a close, interference fit, by the length of the
coupling member that projects into the tubular
section, and by the adhesive. This ensures
that any mechanical deformation or flexing of
the inner electrode is not communicated di-
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rectly to the weld, which is important since
the welded metal will be weaker than the tu-
bular section itself.

CLAIMS

1. A tubular inner electrode for a capacitive
fluid-gauging probe, the electrode having dif-
ferent diameters at different points along its
length, wherein the inner electrode includes at
least two discrete tubular sections of different
diameters that are coupled with one another,
wherein at least one of the tubular sections
has two regions of different diameters that are
integral with one another, wherein the region
of smaller diameter is formed by mechanically
reducing the diameter of the section from that
of the region of larger diameter, and wherein
the other of the tubular sections has a dia-
meter different from that of the region of the
said one section to which it is coupled.

2. An electrode according to Claim 1,
wherein the region of smaller diameter is
formed by swaging down the tubular section
from the diameter of the region of larger dia-
meter.

3. An electrode according to Claim 1 or 2,
wherein one of the tubular sections has a con-
stant diameter along its length.

4. An electrode according to any one of
the preceding claims, wherein each said tubu-
lar section is of aluminium.

5. An electrode according to any one of
the preceding claims, wherein the two sec-
tions are coupled together by a joint including
a substantially cylindrical metal coupling piece
one end of which projects within one tubular
section and the other end of which projects
within the other tubular section, wherein the
coupling piece has respective shoulders be-
tween its ends against which each tubular
section abuts and is welded, and wherein
each end of the coupling piece has a respec-
tive recess containing an adhesive which
forms an adhesive joint between the coupling
piece and the respective tubular sections.

6. An electrode according to Claim 5,
wherein the weld between the shoulder and
the respective tubular section is an electron-
beam weld.

7. An electrode according to Claim 5 or 6,
wherein the recess is an annular recess
around the coupling piece.

8. An electrode according to any one of
Claims 5 to 7, wherein each tubular section
has an aperture overlying the respective re-
cess by which the adhesive is introduced to
the recess after the tubular sections have
been welded to the coupling piece.

9. An electrode according to any one of
the Claims 5 to 8, wherein the adhesive is a
low viscosity adhesive.

10. An electrode according to Claim 9,
wherein the adhesive is a cyanocrylate adhe-
sive.

11. An electrode according to any one of
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Claims 5 to 10, wherein the length of each
end of the coupling piece that projects within
the respective tubular section is at least twice
the diameter of the respective end.

12. An electrode according to any one of
Claims b to 11, wherein the coupling piece is
of aluminium.

13. An electrode according to any one of
Claims 5 to 12, wherein each end of the cou-
pling piece is an interference fit within the re-
spective tubular section.

14. An inner electrode for a capacitive
fluid-gauging probe substantially as hereinbe-
fore described with reference to the accom-
panying drawings.

15. A capacitive fluid-gauging probe includ-
ing an outer tubular electrode and an inner
electrode according to any one of the preced-
ing claims, wherein said inner electrode ex-
tends within the outer electrode along its
length.

16. A capacitive fluid-gauging probe sub-
stantially as hereinbefore described with refer-
ence to the accompanying drawings.

17. A method of manufacturing a tubular
inner electrode of a capacitive fluid-gauging
probe comprising the steps of: providing a
first tubular section of a first diameter; me-
chanically reducing the diameter of a region of
said first section to produce a second region
along said section of a second diameter less
than said first diameter; providing a second
tubular section having a region at least of its
length of a third diameter different from said
first or second diameter; and joining said sec-
ond section to the region of said first section
having a diameter different from that of said
second tubular section.

18. A method according to Claim 17,
wherein the second region is produced by
swaging down the first section from the dia-
meter of the first region.

18. A method according to Claim 17 or
18, wherein the first section is trimmed to a
desired length after producing the second re-
gion.

20. A method according to any one of the
Claims 17 to 19, wherein the second section
is joined to the first section by means of a
metal coupling piece, wherein opposite ends
of the metal coupling piece are inserted in the
end of the respective first and second sec-
tions, wherein the two sections are welded to
the coupling piece, and wherein an adhesive is
subsequently introduced between the ends of
the coupling piece and both the tubular sec-
tions such as to form an adhesive joint be-
tween the tubular sections and the coupling
piece.

21. A method according to Claim 20,
wherein the two sections are electron-beam
welded to the coupling piece.

22. A method substantially as hereinbefore
described with reference to the accompanying
drawings.

70

23. A tubular inner electrode of a capaci-
tive fluid-gauging probe manufactured by a
method according to any one of Claims 17 to
22.

24. Any novel feature or combination of
features as hereinbefore described.
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