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(57) Abstract

Inlination gauge having a reservoir filled with liquid and

ed by light detecting means in that light going through the completely filled tube gives

containing a gas bubble. The position of the gas bubble is detect-
another convergent nature than light going

through tube partially filled with liquid and partially filled with gas. On the centerline light emitting - light detecting means be-
tween the reservoir and the light detecting means a shield is provided.
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Inclination gauge.

BACKGROUND OF THE INVENTION:
The invention relates to an inclination gauge comprising an

reservoir containing a clear liquid and a gas bubble and 1light
emitting and light detecting means arranged at opposed positions
with regard to said reservoir. It is intended to convert the
movement of the gas bubble in the reservoir to an electric signal.
By this it is not longer necessary to monitor directly the gas
bubble in the reservoir. Also it is possible to provide self
adjusting devices.

From US-A-4,625,423 it is known to direct a beam of light
through a tubular reservoir containing either liquid or a gas
volume. When light is transmitted through the liquid a converging
effect is obtained. When light transverses to the gas volume a non
converging beam leaving the reservoir is realized. By monitoring
the change in light intensity at the spot of the light dependent
resistance information can be obtained with regard to the position
of the gas volume in the reservoir. However, the transition from
converging to parallel and diverging is a continuous process. This
means that only by considerable amplification of the 1light
dependent resistance an exact prediction can be obtained about the
position of the inclination gauge. However, if therer are slight
changes in the light emitting source and/or the transparency of the
reservoir and/or its contents, the results of the measurements will
be affected. This means that this device is not reliable in long
term.

SUMMARY OF THE INVENTION:

It is the main purpose of the invention to obviate this

problem. This is realized with an inclination gauge comprising a
reservoir containing a clear liquid and a gas bubble, 1light
emitting and light detecting means arranged at opposite positions
with regard to said reservoir, the refractory index of the liquid,
of the gas and of the tube material being chosen such that the
light going through the reservoir completely filled with liquid
follows a trajectory substantially differing from the trajectory
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followed by 1light traversing the reservoir &t least partially
filled with gas characterized.in that on the center line from the
light emitting and detecting means near the point of egress of the
light from the reservoir a shield is provided.

If e.g. the light is converging as with the US-A-4,625,423
device when completely filled with li§uid, despite of the shield
provided the light detecting means will receive & strong focussed
light beam. However, as soon &s the beams emitting from the
reservoir are parallel or diverging no light at all will receive
the light detecting means. This means that because of the shield
provided by the invention a kind of on/off effect is obtained for
the light impinging the light detecting means. Even if the light
source and/or the light properties of the reservoir'and/or the
contents slightly change during production or use, this has no
effect on this on/off effect. This means that it is always
guaranteed that optimum detection is obtained. Also it is not
longer necessary to considerable amplify the signal obtained from
the light detective means. Preferably the surface area of the
shield is at least as large &s the effective surface area of said
light detecting means.

If the inclination gauge comprises a reservoir in which the
gas bubble in the balanced position not completely fills the cross
section of the reservoir problems might arise if one or two LDR's
Light Dependent Resistors) are used. These LDR's only measure the
surface area lightened. If the reservoir according to the invention
with & gas bubble not completely filling the cross section of the
reservoir is tilted to one side the LDR on that side will first
register complete darkness or light. However, after further tilting
the reservoir gas will accumulate near one end and conferring the
cross section of the resérvoir completely byﬁwhich the length of
the gas bubble decreases and so an error signal can be obtained. To
obviate this problem according to a further embodiment of the
invention said 1light detecting members comprise &t least three
lightrsensitive means arranged in line, wherein the outermost'ones
having a relatively large extension and the center one having a
relatively smaller extension. The extension of the outermost light

sensitive members preferably substantiaslly equals the length of the
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gas bubble in the balanced position. By having an intermediate
light detecting means with a relative small dimension the problem
described above is obviated. The signal obtained from the light
detecting means can be processed in any known way to display a
signal or to provide an acoustical signal or both. The acoustical
means can be deviced such that when moving from one extremity of
the inclination gauge to the other, first a first signal is
produced having a first frequency with first constant intervals
between signal periods, after which a second signal is produced
having the first frequency and second variable intervals between
signal periods, said intervals decreasing towards the third
signal, said third signal being continuous and having said first
or a second frequency, after which a fourth signal is produced
having a second frequence and a third variable intervals between
signal periods, said intervalds increasing towards the fifth
signal, said fifth signal having the second frequency and fourth
constant intervals between signal periods.

The invention also relates to a device for measuring the
movement of an object comprising the inclination gauge according to
one of the preceding claims. This can e.g. be an acceleration
gauge.

The invention will be described in further detail with
reference to the drawing in which a preferred embodiment is shown
and wherein:

Fig. 1 shows a trajectory of light followed according to the
prior art with a completely liquid filled reservoir,

Fig. 2 shows the device according to fig. 1, with a partly
liquid filled reservoir;

Fig. 3 shows schematically the device according to the
invention:

Fig. U shows a cross section according to IV-IV in fig. 3,

Fig. 5 shows schematically the trajectory of light with a
completely liquid filled tube according to the invention and

Fig. 6 shows a trajectory of light with a partially liquid
filled tube according to the invention.

In Fig. 1 schematically the path followed by the 1light

according to the prior art is shown. 7 indicates incident light, 2
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a tube like reservoir, 3 the liquid contained in this reservoir, 8

‘exiting light and 6 light detecting means. In fig. 2 the same is

shown except that the tube is not completely filled with liquid 3
but also comprises a gas bubble 4. Because of the different
refractory index of gas relative to the liquid used, as shown in
the figure, the parallel incident light beamrwill diverge. This
means that in the Fig. 1 case a strong signal is obtained on light

' detecting means 6 whilst in the Fig. 2 situation a less intensive

signal is obtained. ‘However, there is still a signel on light

_detecting means 6, which means that the light detecting means 6

must be able to discriminate between more and less light. This

~means that when during production or use variations occur effecting

the quantity of light received on 1light detecting means 6
corresponding adaptions have to be made. The invention provides in
a solution for this problem and a preferred embodiment of it is
schematically shown in Fig. 3. This embodiment comprises a frame 1
in which a tube like element 2 is mounted. Also light emitting
diode 5 is arranged in the frame 1 as well as light detecting beans
6a, 6b, and 6c. As shown in the cross section of Fig. 4 tube 2 is
provided at its upper side with a dark line or shield 10. From
figures 5 and 6, béing cross sections through the Fig. 4 tube 2, it
is clear what effect will be obtained from displacing gas bubble 4
through tube 2. Comparing Fig. 5 and Fig. 1 there will not be a
large difference except that the light following the center line is
blocked in the embodiment of Fig. 5.‘

However, comparing Fig. 2 and Fig. 6 indicates that because
of the shield 10 no light at all will reach light detecting means
6. Because of this an on/off gonfiguration is obtained being less

sensitive for variations occurring during use or production. The

reason that three light detecting means are used is based on the
fact that the light detecting used are so called light dependent
resistors. These resistors only measure the quantity of light
incident. If it is e.g. given that a balance situation is obtained
if half of LDR 6a is radiated, during tilting of tube 2 clockwise
tﬁis balance position will be left. However, as soon as gas bubble
4 hits the left extremity of tube 2 its length will decrease by

increasing its cross sectional area. An air chamber will be formed

U
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at the left side and it is possible that the length of the air
bubble substantially corresponds with the balanced position of LDR
6a. To prevent this much smaller LDR 6b is provided such that in
this fault situation there is a signal from LDR 6b, which is not
the case if there is a balanced position. This LDR 6b can also be
used for automatically switching to another tube 2 being
perpendicular arranged with regard to tube 2 shown. This permits
horizontal - vertical use of the inclination gauge.

Although the embodiment shown in the drawing is preferred at

‘the time being, many amendments can be made without leaving the

scope of protection as defined by the appended claims.
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CLAIMS

1. Inclination gauge comprising a reservoir, containing a
clear liquid and a gas bubble, light emitting and light detecting
means as arranged at opposed positions with regabd to said
reservoir, the refractory index of the liquid, of the gas and of
the tube material being chosen such that the light going through
the reservoir completely filled with liquid follows a trajectory
substantially differing from the trajectory followed by 1light
traversing the reservoir at least partially filled with gés.

characterized in that on the center line from the light emitting
and detecting means near the point of egress of the light from the
reservoir a shield is provided.

2. Inclination gauge, wherein the surface area of said shield

'is as least as large as the effective surface area of said light

detecting means.

3. Inclination gauge according to one of the preceding
claims, wherein said light detecting means comprise at least three
light sensitive members arranged .in line, wherein the outermost

ones having a relatively large extension and the center one having

. a relatively smaller extension.

4. Inclination gauge according to claim 3, wherein the
extension of the outermost light sensitive member substantially
equals the length of the gas bubble in the balanced position of the
inclination gaugé. '

5. Inclination gauge according to one of the preceding
claims, wherein the reservoir comprises a tube-like body, of which
in the position of use an upper part is internally curved.

6. Inclination gauge accordihg to one of the preceding
claims, wherein said means for emitting light comprises a light
emitting diode. 7

- 7. Inclination gauge according to one of the preceding
claims, wherein said means for detecting of light are connected
with a measuring device.

8. Inclination gauge according to one 6f the preceding claims

wherein said means for detecting light are coupled to acoustical



WO 90/00247 7

10

15

PCT/NL89/00052

means.

9. Inclination device according to claim 8, wherein the
acoustical means are such deviced that when moving from one
extremity of the inclination gauge to the other, first a first
signal is produced having a first frequency with first constant
intervals between signal periods, after which a second signal is
produced having the first frequency and second variable intervals
between signal periods, said intervals decreasing towards the third
signal, said third signal being continuous and having said first or
a second frequency, after which a fourth signal is produced having
& second frequence and third variable intervals between signal
periods, said intervals increasing towards the fifth signal, said
fifth signal having the second frequency and fourth constant
intervals between signal periods.

10. Device for measuring the movement of an object comprising

the inclination gauge according to one of the preceding claims.
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