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(57) Capteur horizontal uniaxial, dans lequel des facteurs
causant des erreurs sont €limines, possedant une haute
resolution et reproductibilit¢ ainsi qu’une stabilit€¢ de
détection avec laquelle une haute plan€ite a angle zero
peut €tre attemte grace au controle de position. Le
capteur comporte un ¢lément porte-¢lectrode (1), fait
d’un matériau 1solant, ayant une chambre a ¢lectrodes
(11) qu possede une paroi1 circulaire dont la surface de la
paro1 periphérique interne a une rugosite de surface
tridimensionnelle  ¢€levee. Le capteur comporte
¢galement une surface de forme de rotation obtenue en
tournant une bague (AL) dont le rayon est predetermine
par un point (P) sur une ligne verticale (V) dans son
centre et recoupe par la ligne verticale (V) autour d’un
axe central horizontal (H) qui recoupe de maniere
orthogonale la ligne verticale (V). Le capteur possede
une clectrode commune (2) qui s’introduit dans la
chambre a ¢lectrodes (11) dans la méme position que la
ligne verticale (V) et des ¢lectrodes péeripheriques (3)
dans des positions symeétriques a la gauche et a la droite
de chaque cote de I'¢lectrode commune (2) et qu
s’introduisent davantage dans la chambre a ¢lectrodes
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(57) A uniaxial horizontal sensor wherein factors causing
errors are eliminated having high resolution and
reproducibility and stability of detection with which a
high levelness of inclination angle zero can be secured
by attitude control has a construction wheremn an
clectrode holding body (1) made of an insulating
material has an electrode chamber (11) having an
encircling wall with an inner peripheral wall surface of a
high three-dimensional surface roughness and of a
surface of rotation shape obtained by rotating a circular
arc line (AL) of a predetermined radius with a point (P)
on a vertical line (V) as its center and bisected by the
vertical line (V) about a horizontal center axis (H)
intersecting orthogonally with the vertical line (V) and
having a common ce¢lectrode (2) projecting into the
electrode chamber (11) in the same position as the
vertical line (V) and peripheral electrodes (3) 1n left-right
symmetrical positions on either side of the common
electrode (2) and projecting further into the electrode
chamber (11) than the common electrode (2) and a
bubble (5) and an electrolyte (4) mixed 1n such a ratio
that the inter-electrode 1mpedance becomes a
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(11) que I’€lectrode commune (2). En outre, une bulle (5)
et un ¢lectrolyte (4), melanges dans un tel rapport que
I'tmpeédance 1nter-¢lectrode devient wune valeur
predeterminee dans 1°¢tat horizontal, sont scellés a
"1nténeur de la chambre a ¢lectrodes (11) dans un tel ctat
que 1’¢lectrode commune (2) est toujours immergee dans
I"¢lectrolyte (4) mais ne touche jamais a la bulle (5) et
dans I’¢tat horizontal, les €lectrodes peripheriques (3) ne
touchent ¢galement jamais a la bulle (5).
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predetermined value 1n the horizontal state are sealed
inside the electrode chamber (11) 1n such a state that the
common e¢lectrode (2) 1s always immersed 1n the
electrolyte (4) and does not make contact with the bubble
(5) and 1n the horizontal state the peripheral electrodes
(3) also do not make contact with the bubble (5).
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Abstract of the Disclosure

A uniaxial horizontal sensor wherein‘ factors causing
errors are eliminated having high resolution and
reproducibility and stability of detection with which a high
levelness of inclination angle zero can be secured by
attitude control has a construction wherein an electrode
holding body (1) made of an insulating material has an
electrode chamber (11) having an encircling wall with an
inner peripheral wall surface of a high three-dimensional
surface roughness and of a surface of rotation shape obtained
by rotating a circular arc line (AL) of a predetermined
radius with a point (P) on a vertical line (V) as its center
and bisected by the vertical 1line (V) about a horizontal
center axis (H) intersecting orthogonally with the vertical
line (V) and having a common electrode (2) projecting into
the electrode chamber (11) in the same position as the
vertical line (V) and peripheral electrodes (3) in left-right
symmetrical positions on either side of the common electrode
(2) and projecting further into the electrode chamber (11)
than the common electrode (2) and a bubble (5) and an
electrolyte (4) mixed in such a ratio that the inter-
electrode impedance becomes a predetermined value in the
horizontal state are sealed inside the electrode chamber (11)
in such a state that the common electrode (2) 1is always

immersed in the electrolyte (4) and does not make contact
with the bubble (5) and in the horizontal. state the
peripheral electrodes (3) also do not make contact with the

bubble (5)-.
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UNIAXIAL HORIZONTAL SENSOR

This invention relates to a uniaxial horizontal sensor
having a liquid and a bubble sealed inside a vessel for
ascertaining levelness by detecting the position of the
sealed bubble by means of an electrical signal, and is used
in automatic leveling of machines and devices and in leveling
devices, angle gauges, surveying instruments, measuring
instruments, aircraft, ships, railway cars, automobiles and
other applications where highly accurate 1levelness is

required.

Known uniaxial horizontal sensors of this kind include:

1) those of a construction wherein as shown in Fig. 5 a
glaSs pipe (g) is made in a shape curved in one axial
direction, a common electrode plate (h) is disposed in a
lower central position and opposite electrode plates (i) are
disposed in two locations left-right symmetrically removed
from the upper center and an electrolyte (j) with a large
surface tension and a bubble (k) are so sealed inside the
glass pipe (g) that in a range over which angle can be
measured a part of each of the opposite electrode plates (i)

makes contact with the bubble (K);

1
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2) those of a construction wherein in a uniaxial
inclination bubble pipe the position of the bubble is

detected optically;

3) those of a construction wherein using a differential
transformer an inductance balance change is detected; and

1) those of a construction wherein an output signal
corresponding to the size of an electrostatic c.apacity is
inputted into an arithmetic circuit and converted into a
vessel inclination and angle (for example Japanese Unexamined
Patent Publication No. H.3-142315).
. The uniaxial horizontal sensor of 1) above is for the
purpose of inclination angle 2zero horizontal attitude
control, but because the degree of contact of the electrode
plates with respect to the electrolyte is small, not only is
there an influence on repeatability (repeat accuracy,
hysteresis, etc.) but as a result of the construction using
a glass pipe slight inclinations other than in the axial
direction to be measured, changes in the amount of contact of
the electrolyte with the electrode plates due to expansion
and contraction of the electrolyte caused by changes in the
surrounding temperature of the sensor, and instability of the
contact surfaces caused by the surface tension of the
electrolyte become causes of accuracy errors and errors of
reproducibility, and also because the surface tension of the

electrolyte is large the response speed is slow and there is

2
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a risk of a phenomenon of the bubble breaking up as a result
of vibration or the like occurring and causing large errors,
and furthermore the structure makes mounting difficult, and
for such reasons there has been the problem that 1t cannot
be used as a sensor for securing high accuracy.

In the case of the uniaxial horizontal sensor of 2)
above there 1s an influence of errors caused by deformation
of the shape of the bubble due to temperature change and
optical sensor errors because 1t depends on an optical

10 sensor, and the sensors of 3) and 4) also have had the
problem to be solved that similarly their degree of
dependence on outside detecting devices 1s high and factors
causing errors are large.

An object of this invention is to eliminate these
causes of error and provide a uniaxial horizontal sensor
having high resolution, high reproducibility, and stable
detection with which a level inclination angle can be
obtained by attitude control.

To achieve the above-mentioned object and other

20 objects, a uniaxial horizontal sensor of the invention
comprises an electrode holding body made of an insulating
material, and having an electrode chamber, sealing an
electrolyte and a bubble therein. The electrode holding
body includes: a convex encircling wall having an inner
peripheral wall surface defined by rotating an arc of a
circle about a horizontal central axis, which i1ntersects
orthogonally with a vertical line extending radially from
the center of the circle and bisecting the arc, whereby the
chamber 1s circular 1n any cross-section orthogonal to the

30 horizontal central axilis; and sealing end plates blocking

openings at the ends of the encircling wall forming a
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liquid-tight seal. The sensor also comprises: a common
electrode projecting into the electrode chamber radially in
the same direction as the vertical line; peripheral
electrodes projecting into the electrode chamber to a
greater height than the common electrode, aligned to extend
through the horizontal central axis, positioned
symmetrically about the common electrode, having equal
surface area, and being liquid-tight with respect to outside
of the electrode holding body; means for generating a
predetermined base pulse from an alternating current with an
osclllator; means for making this a pulse of duty 50% with a
frequency divider; means for impressing the pulse on the
peripheral electrodes using a first buffer amplifier, and a
second buffer amplifier of a reverse phase pulse to the
first buffer amplifier; means to extract information from
the pulse by drawing a signal from the common electrode into
a first amplifying circuit; means for drawing the output of
the first amplifying circuit into an analogue switch by way
of a second amplifying circuit having a zero drift
correcting function; means for drawing a synchroniZing

signal from the frequency divider into the analogue switch;

- means for feeding an analogue signal synchronized in the

analogue switch into an amplifier by way of a sample and
hold circuit; and means for outputting from the amplifier an
analogue signal corresponding to inclination of the sensor:
wherein a bubble and an electrolyte, mixed in such a ratio
that an inter-electrode impedance assumes a predetermined
value when the sensor is horizontal, are sealed inside the
electrode chamber in such a state that the common electrode
1s always immersed in the electrolyte and does not make

contact with the bubble, and when the sensor is horizontal
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when the sensor is horizontal the peripheral electrodes also
do not make contact with the bubble.

(1) Using a common electrode and peripheral electrodes
made of a metal material of low 1lonization tendency such as
18K(Au); (2) having the surface areas made equal by the
surfaces being polished; (3) using an electrolyte made by
mixing pure water as a solvent, magnesium sulfate as a
solute, and either anhydrous methanol or anhydrous ethanol
as a solution, in such a ratio that the inter-electrode
impedance becomes 40 to 50KQ, thereby making 1ts surface
tension small, its boiling point high and its freezing point
low; and (4) making the surface roughness of the inner
peripheral wall surface of the electrode chamber Japanese
Industrial Standard (JIS) Rmax 0.2S or below 1s preferable
to eliminate causes of error, raise the resolution and
reproducibility, and stabilize detection, but the invention
is not limited to this.

In a uniaxial horizontal sensor according to the
invention constructed as described above, among the common
electrode positioned on a vertical line connecting the
electrode chamber center and the center of curvature of the
circular arc line of the inner peripheral wall surface at
inclination angle zero (completely horizontal state) and
vertically below a curved surface formed by rotating the
circular arc line about the horizontal center line and the
peripheral electrodes on the left and right thereof, the
common electrode is always immersed in the electrolyte and

does not make contact with the bubble, and in the horizon-

tal state the peripheral electrodes are always lmmersed 1n a

state such that they do not make contact with the bubble 1n
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the electrolyte having a small surface tension and mixed in
such a ratio that the inter-electrode impedance becomes a
predetermined value, and when the bubble displaces along the
curved surface forming the inner surface of the electrode
chamber due to the existence of an inclination angle the
inter-electrode impedance changes according to the position

of the bubble and this change can be converted directly into

an electrical signal and outputted as an analogue angle
information signal, and on the basis of this a motor drive or
the like can be controlled to make the analogue signal zero
and the sensor can be used for obtaining a levelness of high

inclination angle zero accuracy.

In particular, because the inner wall of the electrode
chamber is made an encircling wall having an inner peripheral
wall surface of a high three-dimensional surface roughness
and of a surface of rotation shape obtained by rotating a
circular arc line of a predetermined radius with a point on
a vertical line as its center and bisected by the vertical
line about a horizontal center axis intersecting orthogonally
with the vertical line and therefore circular in any cross-
section orthogonal to the horizontal center axis, with

respect to inclinations other than the uniaxial horizontal to

be measured, causes of measurement errors are eliminated, and

because the common electrode is always immersed in the

electrolyte and does not make contact with the bubble and in

6
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the horizontal state the peripheral electrodes do not make
contact with the bubble and changes in inter-electrode
impedance occurring due to positional displacement of the
bubble are detected three-dimensionally the angle information
output is high and. output fluctuation errors caused by
physical changes such as expansion and contraction and
surface tension of the electrolyte occurring due to changes
in the surrounding temperature are extremely small and it is

possible to secure extremely high accuracy and
reproducibility.
Brief Description of the Drawings

Fig. 1 is a length direction vertical sectional view of

a uniaxial horizontal sensor according to a preferred

embodiment of the invention;

Fig. 2 is a sectional view on the line A-A in Fig. 1;

Fig. 3 is a side view of the uniaxial horizontal sensor:

Fig. 4 is a circuit diagram of a sensor circuit for use
with a uniaxial horizontal sensor according to a preferred

embodiment of the invention:; and

Fig. 5 is a sectional view showing an example of a

conventional uniaxial horizontal sensor.

Detailed Description of the Preferred Embodiments

Fig. 1 is a length direction vertical sectional view of
a uniaxial horizontal sensor (S) according to a preferred

embodiment of the invention, Fig. 2 is a sectional view of

7



2198516

the uniaxial horizontal sensor (S) on the line A-A in Fig. 1,
and Fig. 3 is a side view of the uniaxial horizontal sensor
(S). The uniaxial horizontal sensor (S) is made up of an
electrode holding body (1), a common electrode (2), two
peripheral electrodes (3) and an electrolyte (4) and a bubble
(5) sealed inside the electrode holding body (1).

The electrode holding body (1) is made up of an
electrode chamber forming main body (12) of cross-sectionally
substantially octagonal tubular form made of polycarbonate as
an insulating material and having formed therein an electrode
chamber (11) open at both ends and two sealing end plates

(13a), (13b) also made of polycarbonate.

The inside wall surface of the electrode chamber (11) of
the electrode chamber forming main body (12) is of a surface
of rotation shape obtained by rotating a circular arc line
(AL) of a large radius (100mm) with a point (P) on a vertical
line (V) passing through the center as its center and
bisected by the vertical line (V) about a horizontal center
axls (H) intersecting orthogonally with the radius of the
circular arc line (AL) on the vertical line (V) and therefore
in any cross-section orthogonal to the horizontal center axis

the electrode chamber (11) is circular (diameter of largest

part émm) as shown with broken lines in the side view of Fig.
3, and the three-dimensional surface roughness of this inside

wall surface is made JIS Rmax 0.2S or below and sealing

8
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counterbores (14) for liquid-tight fitting the sealing end

plates (13a), (13b) into are formed in both end openings.

In the position through which the vertical 1line (V)

passes a common electrode fixing hole (15) and in positions

electrode chamber (11) through a horizontal bottom face (B)

which is parallel to a horizontal plane including the

horizontal center axis (H) and is one of the faces of the

substantially octagonal shape and has had its horizontal

precision raised.

the electrode chamber forming main body (12); a charging hole

electroly'te (4) and the bubble (5) are charged a sealing plug
(18) is fitted into the charging hole (17) and liquid-tightly
sealed by welding means or the like.

The common electrode (2) and the two peripheral
electrodes (3) are of diameter 0.6mm and made using 18K(Au),

which is a metal material having a low ionization tendency,

and their surfaces are polished equally; the common electrode

9
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(2) projects into the electrode chamber (11) to a length such
that it is always immersed in the electrolyte (4) without
making contact with the bubble (5) sealed in with the
electrolyte (4), and the peripheral electrodes (3) to a
length such that they are as close as possible to the inside
wall surface on a diametral line of the electrode chamber
(11), and they are respectively so vertically fixed in the
common electrode fixing hole (15) and ‘the peripheral
electrode fixing holes (16) provided passing through the
horizontal bottom face (B) of the electrode chamber forming
main body (12) that their e1ectrode rear end parts project

from the horizontal bottom face (B).

The electrolyte (4), to make its surface tension small
and its boiling point high and its freezing point low, is one
made by mixing pure water as a solvent, magnesium sulfate as
a solute and either anhydrous methanol or anhydrous ethanol
as a solution in such a ratio that the inter-electrode
impedance becomes 40 to S50KR, and the amount thereof sealed
in is an amount such that the common electrode (2) is always
immersed and does not make contact with the sealed-in bubble
(2), and the bubble (5) is an amount of air such that it does
not make contact with the peripheral electrodes (3) in the
horizontal state; they are each charged through the charging
hole (17) and the charging hole (17) is liquid-tightly sealed

with the sealing plug (18) after charging.

10
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As means for converting the position of the bubble (5)
of the uniaxial horizontal sensor (S) of the preferred
embodiment described above directly into an electrical
signal, for example as shown in the sensor circuit diagram of
Fig. 4, means for generating a predetermined 4KHz base pulse
from an alternating current with an oscillator 0SC, making
this a 2KHz pulse of duty 50% with a frequency divider F/F,
impressing this pulse on the peripheral electrodes (3) of a
uniaxial horizontal sensor (S) according to the invention
using a buffer amplifier SP1 and a buffer amplifier SP2 of
the reverse phase pulse thereof, and to extract information
from this, drawing a signal from the common electrode (2)
into a signal amplifying circuit AMP1, drawing the output
thereof into an analogue switch MP by way of an amplifying
circuit AMP2 having a zero drift correcting function based on
a variable resistance VRl and drawing a synchronizing signal
from the frequency divider F/F into the analogue switch,
feeding an analogue signal synchronized in the analogue
switch into an amplifier AMP3 by way of a sample and hold
circuit SH1 and outputting from this amplifier AMP3 a
predetermined analogue signal corresponding to inclination

can be employed, but the invention is not limited to this and

it may of course be replaced with a known converting means.
A uniaxial horizontal sensor of the invention is used by

being fixed to a flat surface of an apparatus or device

11
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required to be installed horizontally, and by mechanical
control means the same as in a conventional method, for
example, on the basis of a digital signal converted with a
signal convertor motors for adjusting inclination are driven
and this rotation is converted to linear motion and the
inclination of the surface on which the sensor is mounted is
changed and control is carried out so that the analogue
signal becomes zero. By using two wuniaxial horizontal
sensors of the invention disposed intersecting horizontally

orthogonally, they can also be used for obtaining the

horizontal as a biaxial sensor.

With in a uniaxial horizontal sensor according to the
invention constructed as described above, because among the
common electrode positioned on a vertical line connecting the
electrode chamber center and the center of curvature of the
circular arc line of the inner peripheral wall surface at
inclination angle zero (completely horizontal state) and
vertically below a curved surface of the shape of a surface
of rotation formed by rotating the circular arc line about
the horizontal center axis and the peripheral electrodes on
the left and right thereof, the common electrode is always
immersed in the electrolyte and does not make contact with
the bubble, and in the horizontal state the peripheral
electrodes in a state wherein they do not make contact with

the bubble are always immersed in the electrolyte having a

12
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small surface tension and mixed in such a ratio that the
inter-electrode impedance becomes a predetermined value, when
the bubble displaces along the curved surface forming the
inner surface of the electrode chamber due to the existence
of an inclination the inter-electrode impedance changes
according to the position of the bubble and this change can
be converted directly into an electrical signal and outputted
as an analogue angle information signal, and using this
analogue signal by means of mechanical control means, on the
basis of this horizontal control bringing the analogue signal
to inclination angle zero (completely horizontal state) can

be carried out and a levelness of high inclination angle zero

accuracy can be obtained.

inner peripheral wall surface of a high three-dimensional
surface roughness and of a surface of rotation shape obtained
by rotating a circular arc line of a predetermined radius
with a point on a vertical line as its center and bisected by
the vertical line about a horizontal center axis intersecting
orthogonally with the vertical line and therefore circular in

any cross-section orthogonal to the horizontal center axis,

with respect to inclinations other than the uniaxial
horizontal being measured, causes of measurement errors are

eliminated, and because the common electrode is always

13
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immersed in the electrolyte and does not make contact with
the bubble and in the horizontal state the peripheral
electrodes do not make contact with the bubble, changes in
inter-electrode impedance occurring due to positional
displacement of the bubble can be detected stereoscopically
and the angle information output is high.

As a result of an electrolyte made by mixing pure water
as a solvent, magnesium sulfate as a solute and either
anhydrous methanol or anhydrous ethanol as a solution in such
a ratio that the inter-electrode impedance becomes 40 to 50KS
to make its surface tension small and its boiling point high
and its freezing point low being used and the three-
dimensional surface roughness of the inner surface of the
electrode chamber being made high, output fluctuation errors
caused by physical changes such as expansion and contraction
and surface tension of the electrolyte occurring due to
changes in the surrounding temperature are extremely small
and it is possible to secure high accuracy and
reproducibility, and it is possible to bring the attitude of
an object device on which the sensor is used to a highly

accurate state of inclination angle =zero (completely

horizontal).

Thus, it is possible to provide cheaply a uniaxial

horizontal sensor ideal for use in automatic leveling of

machines and devices and in leveling devices, angle gauges,

14
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surveying instruments, measuring instruments, aircraft,

ships, railway cars, automobiles and other fields where

highly accurate levelness is required.

15
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The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. A uniaxial horizontal sensor comprising:
an electrode holding body made of an insulating material,
and having an electrode chamber, sealing an electrolyte and
a bubble therein; the electrode holding body including:
a convex encircling wall having an inner peripheral
wall surface defined by rotating an arc of a circle
about a horizontal central axis, which intersects
orthogonally with a vertical line extending radially
from the center of the circle and bisecting the arc,
whereby the chamber is circular in any cross-section
orthogonal to the horizontal central axis; and
sealing end plates blocking openings at the ends of the
encircling wall forming a liquid-tight seal; .
a common electrode projecting into the electrode chamber
radially in the same direction as the vertical line;
peripheral electrodes projecting into the electrode chamber
to a greater height than the common electrode, aligned to
extend through the horizontal central axis, positioned
symmetrically about the common electrode, having equal
surface area, and being liquid-tight with respect to outside

of the electrode holding body:;

means for generating a predetermined base pulse from an

alternating current with an oscillator;

16
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means for making this a pulse of duty 50% with a frequency
divider;

means for impressing the pulse on at least one of the
peripheral electrodes using a first buffer amplifier, and on
at least one other of the peripheral electrodes using a

second buffer amplifier of a reverse phase pulse to the

first buffer amplifier;

means to extract information from the pulse by drawing a
signal from the common electrode into a first amplifying
circuilt;

means for drawing an output of the first amplifying circuit
into an analogue switch by way of a second amplifying
circuit having a zero drift correcting function;

means for drawing a synchronizing signal from the frequency
divider‘into the analogue switch;

means for feeding an analogue signal synchronized in the
analogue switch into an amplifier by way of a sample and
hold circuit; and ‘

means for outputting from the amplifier an analogue signal
corresponding to inclination of the sensor;

wherein a bubble and an electrolyte, mixed in such a ratio
that an inter-electrode impedance assumes a predetermined
value when the sensor is horizontal, are sealed inside the
electrode chamber in such a state that the common electrode

1s always immersed in the electrolyte and does not make

contact with the bubble, and when the sensor is horizontal

17
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the peripheral electrodes also do not make contact with the

bubble.

2. The uniaxial horizontal sensor according to claim

1, wherein the common electrode and the peripheral

electrodes are made of 18K gold.

3. The uniaxial horizontal sensor according to claim
1 or 2, wherein the electrolyte is one made by mixing pure
water as a solvent, magnesium sulfate as a solute, and one
0f anhydrous methanol and anhydrous ethanol as a solution,
in such a ratio that the inter-electrode impedance becomes

40KQ to 50KQ, and thereby having its boiling point raised

and 1ts freezing point lowered.

4. The uniaxial horizontal sensor according to claim

1, 2 or 3, wherein the inner peripheral wall surface of the

electrode chamber has a surface roughness of JIS Rmax 0.2S

Or below.
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