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Abstract

The mechanism that we propose is a water level sensor (Tide-Gauge), using the Archimedes principle, according to which a body
immersed in a fluid in equilibrium, subjected to on behalf of this one a thrust which the intensity is equal to the weight of the fluid
displaced. It is composed of an electromagnetic sensor forces of which is suspended a plunger cylindrical glass. The latter is
partially introduced into a measuring cylinder filled with water. The electromagnetic sensor of forces allows us to measure the
difference between the weight of the cylinder and the force due to the buoyancy exerted by the water on the submerged part of the
cylinder. When the water level in the test piece changes it is implied by a variation of the submerged portion of the cylinder, and
causes a variation of the buoyancy, as a consequence of variation of the force exerted on the sensor. The electromagnetic sensor
allows the conversion of this force into a voltage by the intermediate of an electronic circuit.
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1. INTRODUCTION

Knowing the sea level is an important information; it give us
an idea about global warming, the dilation of the oceans,
melting of glaciers, and allows tsunami prediction [1 —4]. In
the observatories of tide, several types of tide gauges and
measurement techniques are used, tide scale, probe light,
tide to float, tide gauges to pressure sensors, tide ultrasonic
or electromagnetic waves microwave (radar),...etc [5]. The
tide that we propose relies on the laws of mechanics of
fluids, of the mechanical, and the fundamental laws of
electromagnetism.

This is a new conception that presents the advantages of a
simple structure, low cost and an acceptable precision of
observation.

2. PRINCIPALE OPERATION OF FUNCTION
TIDE GAUGE

project is concerned an instrument of measuring water level
(Tide-gauge), using Archimedes principle, according to
which once a body immersed in a fluid in a state of
equilibrium, it become subjected to a thrust which the
intensity of which is equal to the weight of the displaced
fluid. It is composed of an electromagnetic sensor of forces
from which is a glass plunger cylindrical is suspended; the
latter is partially introduced into a measuring cylinder filled
with water. The electromagnetic sensor of forces allows you
to measure the difference between the weight of the cylinder
and the force emanating from the buoyancy exerted by the
water on the submerged part of the cylinder.
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Fig -1: Diagram of the function operation of the Tide Gauge

When the water level in the test piece varies; this is reflected
by a variation of the submerged portion of the cylinder, and
causes a variation of the buoyancy, or a variation of the
force exerted on the sensor. The electromagnetic sensor
allows the conversion of this force into a voltage, by the
intermediate of an electronic circuit [6-7].

3. DESCRIPTION OF THE EXPERIMENTAL
DEVICE

The experimental device that we propose for the
measurement of the level of water is composed, of a sensor
of electromagnetic forces from which is suspended a
plunger cylindrical glass which is partially introduced into a
graduated cylinder, and a system for filling and draining the
water in the measuring cylinder Fig -2. This system allows
us to adjust the water level to heights well determined in the
graduated cylinder, and as a result allows you variate the
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portion of the cylinder immersed in water. The contribution
of the electrical energy to the sensor of forces, is assured by
a stabilized power supply £15.The output of the sensor is
connected to a circuit of packaging, through the connecting
wires, the circuit output of packaging of the sensor is
connected to a voltmeter of table to digital display that
allows the reading of the voltage.

board forming the fixed support

calibrated spring

pumping system comsisting of fwo
siringues to put water

Fig -2: Diagram of the device for measuring water level by
an electromagnetic sensor of forces.

4. OPERATING PRINCIPALE OF THE SENSOR
FOR ELECTROMAGNETIC FORCES

The sensor of forces that we propose consists of a spring
R , two flat coils of 30 coils each, and of 2 c¢m radius, a
flat coil is mounted on a support around a hole (transmitting
coil), it is supplied by a sinusoidal signal from a Low
Frequency Generator .The second coil receiving platform
BM is wound on an insulating cylinder of 2cm radius and
5.3 cm height, The latter is suspended by a hook at the lower
end of a spring whose upper end is fixed on a support
through a hook Fig -3.

Guide Cylinder Spring
Receiver Coil
N
=
. w Hook

Transmitter coil
Fig -3: The sensor for electromagnetic forces

The spring assembly, cylinder and port are well aligned
vertically in a manner that the cylinder passes through the

hole virtually without friction. The two receiving coils and
issuing are linked to the conditioning circuit through the
wires of connections. A hook is fixed on the lower part of
the cylinder and is used to suspend the masses. The two
coils are still parallel, remote X one of the other, X being the
variable distance between coils.

The power supply to the fixed coil by issuing from the
sinusoidal voltage of a given frequency and an amplitude of
a given outcome of the Low Frequency Generator, produces
a sinusoidal current in the latter and creates a magnetic
induction variable along its axis. The coil receiving mobile
is the headquarters of an electromotive induced force
variable and measurable [8-9]:

do

dt 1)
The maximum value of this Electrometric Force induced
depends on the distance x between the two coils, and the
flux @ is proportional to the magnetic induction B, whose

variation, as a function of x, is given by the following
relationship :

4 *N**R?
B(X): 2*0(R2+X2)3/2

With | the current flowing through the coils, R their radius,
N their number of spire, and x the distance between the two
coils. For x = 0, the previous formula becomes simple, and
thus:

@
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5. CHARACTERISTICS AND PERFORMANCES
ELECTROMAGNETIC FORCE SENSOR

The proposed sensor is characterized by a drift (original):
When one puts the sensor in function, there is a slow drift,
and after approximately 2 hours of operation, this drift is
canceled, and the voltage output of the sensor is stabilized at
a constant.

The sensor response, V (m), is not linear, but it obeys to a
polynomial relationship. The immediate consequence of this
non-linearity is a variable sensitivity, which involves the
distance x between the two coils. The accuracy of this
sensor depends, obviously, on the specific elements of the
experimental device (coils, friction, distance inter coil,
number of coils, spring, and circuit of signal conditioning),
and the quality of the measuring device used.

5.1. Determination of the mechanical characteristic
of the spring K

The curve of the Determination of the mechanical
characteristic of the spring K is obtained by hooking the
masses of precision ranging from Og to 30g by steps of 5g
and by reading the displacement X of corresponding spring,
using a graduated ruler as scale, (Table.1 above):
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Table -1 : Table of the characteristic of the spring

M (g) X(mm)

0 0

5 0.75
10 15
15 2.25
20 3

25 3.75
30 45

M: The Weight
X: The displacement of the spring by

—m— Constant factor characteristic of the spring
Linear Fit of X

m(g)
Chart -1: The mechanical characteristic of the spring K.

From the curve:
K - AM
AX

59
K=—2—=6.667N
0.75mm /“

5.2. Calibration the Sensor of forces

(4)

The characteristic curve of the sensor, V=f(m), is obtained
by hooking the masses of precision ranging from Og to 30g
by steps of 2.5g (table.1 above), and by raising the
corresponding voltage, using a voltmeter with a precision
0.1 mv.

Table -2:The calibration curve of the sensor of
electromagnetic forces.

M (9) V(mv)
0 49.5
2.5 51.9
5 54.6
7.5 57.9
10 61.5
12.5 66.0
15 71.1
17.5 77.1
20 83.5
22.5 91.8
25 101.1
27.5 111.7
30 122.6

Where M is the Weight and V is The Voltage.

—B— Sensor fit curve
=== Polynomial Fit of V
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Model Polynomial
Adj. R-Square 09839

Value | Standard Error
v Inercept 49528 02477
v Bi 08902 006162
v 81 00208 000488
M B2 00010 1070374

Chart -2: Sensor response V = f(m)

We used a polynomial fit of order 5 which is characterized
by a standard deviation commensurate with the
experimental sensor accuracy. The polynomial fit of the
mass as a function of the voltage (m= f(\V)) shown below
will be most useful for determining the mass of any
unknown by knowing its corresponding voltage delivered
by the sensor. The corresponding polynomial adjustment is
given by:

m= ZS:a v (5)
i=0

—M— Sensor fit curve
— Polynomial Fit of V

1304
120
110
100
904
B
~— 804
=
bl Folnarel
70 AdjRSquae 038
Vale QandetBrer
v reest | @mei 01281
60 v El 0w 014483
v ] ames | ot
v ) ooz owmem
50 v B 2MTEL | 10T
v E AEE | 144EED
40 T T T T T T
0 5 10 15 20 25 30

Chart -3: The calibration curve of the sensor of
electromagnetic forces

The polynomial adjustment of the mass as a function of the
voltage corresponding to the experimental accuracy of our
sensor is as follows:

m(@)=A+BV+B, V' +B; V +B, V' +Bs V°  (6)
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With:
A = 49,55611; Bl = 0,7211; 82 = 0,0766 ;
B, =—0,00482; B4 = 2,41327E-4 ; B, = —3,40754 E-6

r’=1 and o =0,25513
B, : Coefficients of the characteristic polynomial.

2 . ..
I : Correlation coefficient.
o Residual sum of squares.

The electromagnetic sensor of forces proposed is
characterized by its extended of measure Og to 30g, which
depends on the mechanical characteristics of the spring. A
cycle of hysteresis appears when exceeding a certain critical
elongation, and there is emergence of a deformation
retentive. The choice of a good spring perfectly elastic is
important. The range of use of the sensor is limited between
Og and 30g in which all measures are reversible. The
sensitivity of the sensor offers depends on the distance x
inter-coils, but it is almost invariable and of fixed distance.

The accuracy of the sensor depends on the specific elements
of the experimental device (coils, friction, distance inter
coil, number of coils, spring, and circuit of signal
conditioning [10]), and the quality of the measuring device
used. We have used a digital voltmeter of a precision of 0.1

Fig -4: Conditioning circuit

6. EXPERIMENTAL TECHNIQUES USED

6.1. Principle of measurement

We denote by p, , the density of water expressed in g/cm3,
M the mass of the plunger cylindrical in (grams), ps his

density (pg > p.), V it’s immersed volume in (cm 3)

which is also equal to the volume of the fluid displaced,
g the intensity of the gravity field [11-12-13].

The intensity P, of the thrust of Archimedes and the force
F applied to the sensor are data by:

P.=p *V™g, (7

And
F=Mi*g-P,, (8)

2
> Calibrated spring

=

Cylindrical glass rod

Fig -5: Diagram for the measurement principle

The measurement of F gives directly the value of volume
V cylinder partially immersed in the water:
V =S*h )

The section S of the cylinder being constant, it can be
deduced that h represents the height of the submerged
portion of the cylinder, and therefore the level of water in
the measuring cylinder.

The force F is measured using the electromagnetic sensor of
forces whose the extended measurement is 30g, and which
was calibrated by using weights of accuracy and the results
of which are presented on the table with the calibration
curve Chart -3.

6.2. Measures and Experimental Results

Our experimental device is equipped with a mechanism of
filling and draining of the graduated measuring cylinder. We
have begun by the filling of the test piece up to a maximum
level, and we proceeded to the decrease of the level by
constant step of 1 cm, the water level in passing by different
heights. And at each height, we have raised the voltage
delivered by the sensor of electromagnetic forces using a
voltmeter. We have achieved the reverse operation also by
completing the test piece gradually by step of lcm; the
results of measures during the lowering and raising of the
waters are cited below.

6.3. Measurement of the rise in water level

Table of measures of the output voltage of Tide Gauge Data
and the level of water
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Table -4: Measurement table of water rising

Water level in (Cm) Voltage in (mv)
0 445
1 45,3
2 46,4
3 48,5
4 50,6
5 53,6
6 57,2
7 63,7
8 71,4
9 81,4
10 89,7
11 99,2
12 107,5
13 116,9

B The rise of the water level
Polynomial Fit of Voltage
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Chart -5: Graph of the rise in water level

6.4. Measurement of the decrease of water level

Table of measures of the output voltage of Tide Gauge Data
and the level of water:

Table -3: Measurement table of water descent

Water level in (Cm) Voltage in (mv)
13 116,9
12 107,5
11 99,2
10 89,7
9 81,4
8 71,4
7 63,7
6 57,2
5 53,6
4 50,6
3 48,5
2 46,4
1 45,3
0 44,5

The decrease of water level
Polynomial Fit of Voltage
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Chart -4: Graph of the descent in water level

The Comparison between graphical representation of the
rising and lowering of waters, shows that the variations are
reversible and that at each level of water corresponds to a
voltage .

7. CONCLUSIONS

We have come up with a device to measure the level of
water in a measuring cylinder using an electromagnetic
sensor of forces to which we have attacked a cylindrical
plunger. The reading of tensions in function of the water
level shows that the variations are monotonous. These
results obtained in the laboratory are derived from
measurements made in almost-ideal conditions, in which the
fluid is in hydrostatic balance, and the application of the
principle of static fluids is verified. During the operation of
the level sensor in the waters of sea, we can expect a
behavior that sets itself of the ideal operation because of the
hydrostatic balance of sea water which is not always
achieved since there are some spills during the blast high
and low. To approach the operation observed at the
laboratory, the installation of the tide gauge data must be
protected from waves, and predict a construction to stabilize
the waters in order to consider a quasi hydrostatic
equilibrium. By taking into consideration certain
precautions, the mechanism that we propose can serve as an
instrument for measuring water level (Tide-Gauge) that is
robust and reliable for the knowledge of the variations of the
average level of the sea which represents an important
contribution to the understanding of climate change, and to
follow the time evolution of the rise and descent of sea
water with precision.

Improvements can be made to this device to increase its
performance, by associating an acquisition card for a digital
data processing by computer, as well as the transmission of
the results in real time.
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