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Detection of gasoline level can be done in a safe and simple way using two output port
multimode fiber coupler with a structure of 2 : 2 as a sensor. Two output ports (sensing
port) are connected with two reflector displacement device (RDD) and functioned as two
probes. These probes are placed on the wall of gasoline tank in a storied and work inter-
changeably or together depending on setting of these probes. Detection mechanism of
the system is based on changes in intensity of reflected light from the reflector RDD that
: shifts due to changes in level of gasoline (hydrostatic pressure principle). Changes in inten-
Gasoline level sensor A . . 3 . .
Sensing port fiber coupler sity of light coming into the sensing port are then forwarded to the optical detector.
RDD Experiments performed by varying the location of the second probe as 45cm, 50 cm,
Probe and 55 cm above the first probe to detect the level of gasoline in the process of filling
Hydrostatic pressure and emptying the tank. Experimental results show the process of filling and emptying
the tank have small differences of 6% with the dynamic range, the linear region, and reso-
lution are 100 ¢m, 70 cm, and 0.4 cm respectively. Sensor sensitivity in filling and emptying
process of the tank are 2.7 mV/cm and 2.8 mV/cm respectively. These results were the best
performance of the sensor, which occurs when the level of the second probe was 55 cm
above the first probe.

Keywords:

@ 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Detection of liquid level using optical fiber (optical fiber
liquid level sensors) can be done in two methods, i.e. direct
and indirect contact between the optical fiber with liquid.
The second method can use other devices as a probe or uti-
lizes change in the trajectory of light due to changes in lig-
uid level. For the first method, direct contact between
optical fiber with liquid can be made using polished plastic
optical fiber [1], spiral side-emitting optical fiber [2], as
well as the use of long period fiber grating [3]. All three
use the principle side-emitting optical fiber. The use of a
Prism as a probe that is connected with optical fiber [4],
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the float is connected to the cantilever which contained
fiber Bragg grating [5], the lever (have buoyancy) con-
nected with fiber interferometer [G], the system of mem-
branes and reflectors (RDD) connected with fiber coupler
[7] is an indirect contact method between fiber optic with
liquid.

The types of liquid that will be detected affect the selec-
tion of fiber optics and detection method. For gasoline, safe
from risk of fire and explosion during operation is a major
consideration in addition to accuracy and lifetime of the
sensor. A sensor with these criteria was demonstrated
has been able to detect the level of gasoline using a single
output port plastic fiber coupler (fiber with a structure of
2 x 2). One of the output ports is paired with a reflector
displacement device (RDD) and serves as a probe. RDD
comprises a reflector Board that is attached to the
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membrane at the bottom of the tank. The sensing principle
is to detect displacement of reflector, which is attached to
the membrane, due to the change of gasoline hydrostatic
pressure. The displacement of reflector can be detected
using fiber coupler from the change of optical power light
reflected by the reflector. The results obtained are dynamic
range and sensors linear region, which are 180 cm and
40 cm respectively [7]. The linear region of the sensor, a
working range of the sensor, are still far from industrial
needs that require the detection of gasoline or fuel level.

81

In this paper, efforts to increase linear region of the sen-
sor will be described by optimizing both the output port of
fiber coupler with RDD (the probe) to detect the level of
gasoline in multilevel way.

2. Sensors design and operating principle

Fig. 1 shows the design of gasoline level sensor using
two probes. Fig. 1(a) shows the gasoline level detection
mechanism using two probes. The first probe was formed
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Fig. 1. (a) Sensor design and (b) reflector displacement device (RDD).
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Fig. 2. Level sensor schematic diagram of gasoline using two probes.
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Table 1
The characteristics of gasoline using a single level sensor probe.
Parameters Emptying the Filling the tank
tank
RDD A RDD B RDD A RDD B
Dynamic range (cm) 60 60 60 60
Linear region (cm) 10-45 15-50 10-45 15-50
Sensitivity (mV/cm) 35 3.6 35 35
Resolution (cm) 03 03 03 03

by pairing the sensing port 1 with RDD 1 by face to face,
while the second was formed by pairing the sensing port
2 with RDD 2 in face to face as well. Parameters P, Pq,
Pe1. Pez respectively are optical power of input light at
the input port, output power at detection port, power
emitted by the sensing port 1 and port 2. Parameter Py,
and P,; are optical power of the reflected light from reflec-
tors RDD1 and RDD 2, which reflected back to the sensing
port 1, and sensing port 2. RDD is a reflector, which
attached to the membrane. This reflector will shift (z') in
case of hydrostatic pressure changes on the membrane as
shown in Fig. 1(b).

The working principle of the sensor is detecting
reflector shift against sensing port (z) due to hydrostatic

pressure of gasoline in the RDD. The changes in hydrostatic
pressure occur due to changes of gasoline level. The shift in
reflector will cause optical power changes in the reflected
light from the reflector, which goes into sensing port fiber
coupler (Py). The optical power changes will be observed
through output voltage detector. Thus, the change in gaso-
line level will be detected through output voltage detector
changes.

Probe 1 is used to detect the level of gasoline from the
bottom of the tank to a certain level, for example y=. This
can be done by placing the sensing port 1 coincides with
reflectors RDD 1 when gasoline reaches a level of y.. Posi-
tion of sensing port 1 is then made permanent. Change in
gasoline level in 0-y; will cause shifts in reflector RDD 1
(z;). As a result, the optical power of reflected light from
the reflector RDD 1 to sensing port 1 (Py;) is changed. Part
of this change will be detected through the detection port.
Optical power detected by probes 1 will be constant if the
gasoline level exceeded y». Probe 2 is placed at a specific
level above the position of the probe 1, for example y,.
With the same mechanism as the probe 1, probe 2 will
detect the level of gasoline from y; to ¥ When gasoline
level reaches ymax sensing port 2 coincide with reflector
RDD 2. Probe 2 will detect level of gasoline in term of
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Fig. 5. Plot the data output voltage detector vs. gasoline level for
emptying and filling process with position of probe 2 (a) 45 cm, 50 cm
(b), (c) and 55 cm above probe 1.

optical power changes which coming into the sensing port
2 (Ppz), then part of it is passed on to detection port of fiber
coupler. Thus the detection of gasoline level from the bot-
tom of tank to y.. carried through summation of optical
power generated by probes 1 and 2. Probe 2 can be placed
on the detection upper limit of probe 1 i.e. y; or under y,. If
the location of the probe 2 is in y,, the detection is done
alternately by probe 1 (level: 0-y,) and probe 2 (level:
¥i1=Ymax)- If probe 2 placed under y,, then there is an area

where the gasoline level (y»-y,) is detected simultaneously
by both probes.

The detection mechanism as described, then shift of
reflector on the probe 1 (z;) occurred because of changes
in the level of gasoline from 0 to y,. If level range is
denoted as h; then the pressure experienced by membrane
in the RDD 1 can be written as:

Py = pgh,. (1)

where p and g are gasoline density and gravitation acceler-
ation respectively. Shifting the reflector z, due to the pres-
sure Py was detected through optical power of output
light at detection port (Py4) and is written:

2
Pyy=P, |:1 —ENP(—W)]- (2)

Relation between z; and h, in Eq. (2) has not been
derived analytically [7]. Eg. (2) contains a provision
Po = 1.15¢r(1 = er)(10°%1€ — 10-°0°p, and ¢=(2 tan
sin”' NA)/a. Parameter cr, Le, D, NA, and a are coupling
ratio, excess loss, directivity, numerical aperture, and
radius of fiber coupler respectively [8]. Eq. (2) emphasized
that level detection in range h, is detected through P,,.
Then for level of gasoline on the range of y{=¥yq here in
after denoted h,, will result in pressure on the membrane
of the RDD 2 as:

Pz = pgh,. (3)

Pressure on the equation of (3) will result in a shift of
the reflector on the probe 2 i.e. z;. By the same mechanism,
optical power output from detection port due to changes in
the gasoline level h; (symbolized as ?;4) can be written:

2
Py =P, [1 —‘-’XP(—W)]- (4)

Detection of gasoline level in the range 0-ymq is the
sum of optical power of light generated by probes 1 and
2 (Py) and is written:

2 2
Py=P,|2-exp| -————— | —-exp| -——— | |.
: [ xp( (cz.thnuf) xp( (sz(hz}H}])]

(3)

Eq. (5) explains that the optical power output light at
detection port is the sum of optical power of reflected light
from reflector of probes 1 and 2. The reference point of
reflector shift is the position of each sensing port. If total
gasoline level (0-y,q.) is denoted as h, then the detection
zone is divided into three areas. For gasoline level at range
of 0 < h <y, then z; is constant and Eq. (5) can be written
ds:

3 2
Py =P, [2 —exp (_r(h] " Uz) —exp (_7(&: - ”z”-

(6)

Eq. (6) indicates that the third term is constant, it
means that probe 2 has yet to detect the level of gasoline.
For gasoline level at range of y, < h<ys, Eq. (5) can be
written as:
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(7)

Eq. (7) shows that both of probes detect the gasoline
level simultaneously. If gasoline level at range of
¥2 < h < hyay then z; =0 and Eq. (5) can be written as:

2
Pi=P,|2-exp(-2)—exp| ——|]. 8
‘ [ el xp( cczzm—yl)m*)] =

Eq. (8) indicates that the probe 2 stops detecting the
level of gasoline.

In the case of the probe 2 is placed at position y»
(31 =ya2), the detection zone is divided into two detection
zones. For gasoline level is in the range of 0<h<y,,
Eg. (G) is applied and at a range of y3 < h < By Eq. (8] is
applied instead with y, is replaced y-. It means that both
of the probe detect the level of gasoline interchangeably.

3. Experiment

Schematic diagram of the experiment is shown in Fig, 2.
The experimental set-up consists of a laser semiconductor
(with wavelength of 630 nm and output power of 10 mW),
attenuator, silicon photo detector, multimode fiber coupler
with structure of 2 x 2 made of plastic (with a diameter of
1 mm, 1 m length, 50/50 split ratio, 3.7-5.6 dB insertion
loss, and 1.6 dB excess for loss), microvoltmeter, cylindrical
scaled gasoline tank which is made of glass (with 6 cm
diameter and 100cm length) and filled with gasoline
(715-780 kg/m? density at 15 °C). In the bottom of gaso-
line tank, a faucet is used to remove the gasoline. Two of
the RDD each consists of reflector which is made of alu-
minum (with 10 mm in diameter and 0.20 mm in thick-
ness), single ply membrane (nitrile polymer) with
thickness of 0.08 mm (the elastic modulus is not known),
and cylindrical membrane holder which is made of brass
with 18 mm outer diameter and inner diameter of
15 mm. The reflector is attached to the membrane using

epoxy glue and membrane itself behaves like a spring.
Our RDD is handmade, because we made it manually using
hand. An RDD is paired with a sensing port fiber coupler
through holder form probe 1. Sensing ports can be moved
closer to or away from the reflector RDD. RDD and other
sensing port paired to form probe 2. Probe 1 is placed at
the bottom of the tank. Probe 2 is connected through a pipe
to the tank (the position of the probe 2 can be changed
freely) and put on top of the probe 1.

The first step of experiment is to conduct characteriza-
tion of both RDD (called RDD A and RDD B) as gasoline
level sensor using one probe (second probe is not used).
This characterization is necessary because both of RDD
were handmade so that there is a possibility that both of
RDD have different characteristics. The characterization is
done by putting RDD A at the bottom of the tank. After
all devices are activated, the tank is filled slowly with gaso-
line using a manual pump. Maximum gasoline level given
is 60 cm. This is done because the range of the previous lin-
ear range of sensor is equal to 40 cm located in the maxi-
mum level, means that position of sensing port is close to
the RDD. After gasoline reached levels of 60 cm, position
of sensing port 1 is made to coincide with reflector RDD
A. Data for the emptying gasoline tank was obtained by
recording the output voltage detector every gasoline level
decrease by 1 cm. Level of gasoline was lowered by remov-
ing the gasoline through the faucets. After the emptying
process, RDD A was characterized for filling process. The
recording of output voltage detector is done every level
of gasoline increase by 1 cm. The same procedure was done
for RDD B characterization.

The results of the characterization of both the RDD A
and RDD B then used to determine the position and func-
tion of both the RDD as probe 1 or probe 2. Data on the
range and sensitivity of sensors using a single probe from
characterization is used to determine position of each
RDD and the position of the probe 2. After the probe 1
and 2 probes as well as the position of the probe 2 is deter-
mined (e.g. ¥), then gasoline level sensor experiments car-
ried out using two probes with probe placement refers to
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Fig. 7. Linear graph of the relationship between the output voltage
detector to the level of gasoline for (a) position of the probe 2 = 45 cm, (b)
position of the probe 2 = 50 cm, and (¢) position of the probe 2 = 55 cm.

Fig. 2. The next step is filling up the tank with gasoline.
When gasoline reaches a level of 60 cm, sensing ports 1
is placed coincide with reflector RDD 1. Filling of gasoline
continued to reach maximum level (100cm) and then
sensing ports 2 is placed coincide with reflector RDD 2.
Data retrieval for emptying gasoline tank was done by
recording the output voltage detector every gasoline level
decrease by 1cm. In process of filling the tank, the

recording of output voltage detector is done every level
of gasoline increase by 1 cm. This procedure was done in
the three different positions of the probe 2 (y).

4. Result and discussion

Characterization of RDD A and RDD B as gasoline level
sensor using a single probe produces data output voltage
detector as a function of gasoline level for filling and emp-
tying process. The plot of this data is shown in Fig. 3. While
linear region of relation between output voltage detector
with gasoline level is shown in Fig. 4.

As described in section experiment, maximum level of
gasoline supplied (dynamic range using a single sensor
probe) of 60 cm is based on the results obtained previ-
ously. In previous research, linear area of 40 ¢cm (for RDD
using single-ply membrane) occurs when the distance
between sensing ports with reflector RDD is not too far
or the level of gasoline isn't too large [7]. Fig. 3 shows that
there is a difference between emptying and filling process
(hysteresis). This occurs on both RDD A and RDD B. The dif-
ference between emptying and filling process is 6.1% for
RDD A and 5.3% in RDD B.

In this study, the main goal is to increase linear region
(working range) of sensor by combining two sensors RDD
and two sensing port fiber coupler as two probes. Both of
these probes have function to detect the level of gasoline
in multilevel way. Therefore, in RDD characterization as
sensor using a single probe, wide dynamic range is not
important. The range of linear region generated by RDD A
and RDD B for emptying and filling process has an equiva-
lent value of 35 cm (10-45 cm for RDD A and 15-50 ¢m for
RDD B). For linear slope (sensor sensitivity), as shown in
Fig. 4, RDD A and RDD B have small different for either fill-
ing or emptying process.

In this experiment, the devices only able to detect the
smallest changes in gasoline level by 1 cm.

The detection was observed in the output voltage detec-
tor of 1 mV or AV =1 mV. If optical laser power is reduced,
then the sensor is able to detect changes in gasoline level
less than 1 cm or output voltage detector resulting in smal-
ler than 1 mV, but the voltage is unstable. Conversely, if the
laser power exceeds 10 mW, then the level of the smallest
detectable gasoline level is larger than 1 cm. Value of AV
produced divided by the value of the sensitivity of the sen-
sor yields resolution of the sensor. Thus, the level sensor
characteristics of gasoline using a probe with RDD A and
B as probe are listed in Table 1. Table 1 indicates that there
are differences between RDD A and RDD B in sensitivity
and linear range. The differences are due to both of RDDs
are handmade so it has unique characteristics.

To reconstruct gasoline level sensor using two probes,
slope of linear graph (sensor sensitivity) both of RDD as
probe is primary consideration. Because the value of RDD
A and RDD B slope difference is not too large, then both
of RDD are suitable for use as probe, which will be
arranged in cascade. The second consideration is an area
outside the linear region. Region 0-10cm and 45-60 cm
for RDD A and 0-15 cm and 50-60 cm for RDD B in Fig. 3
is taken into consideration in determining the RDD A or
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Table 2
Characteristics of gasoline level sensor using two probes.

Parameters Emplying the tank with posiliun pth' 2 Filling the tank with pasition probe 2
45 cm 50cm 55 cm 45¢cm 50 cm 55 cm
Dynamic range (cm) 100 100 100 100 100 100
Linear region (cm) 20-90 30-100 20-90 30-100 20-90 30-100
R? (goodness of fit) 0.9955 0.9991 0.9989 0.9947 09985 0.9984
Sensitivity [mVfcm) 25 25 2.7 25 24 28
Resolution (cm) 0.4 0.4 0.4 0.4 0.4 0.4
Table 3
The comparison of performance between optical level sensors, of gasoline level sensor using two probes is 70 cm, which is
Method Dynamic Linear Resolution twice in comparison with linear range of the sensor using a
range (m)  region (m) (cm) single probe (linear range at 35 cm). In other hand, sensi-
Spiral side-emitting 09 - 1 tivity and resolution of the sensor using two probes are
optical fiber smaller than the sensor using a single probe. Smaller sen-
L°"'ggr;?;:'d fiber Brage 1 = 10 sitivity occurs due to laser power reduction in experiment
Fiber Bragg grating 036 04 6 of gasoline level sensor using two probes. )
Fiber interferometer 005 0.05 Based on results of gasoline level sensor using two
using PCF probes as shown in Table 2, almost no parameters showed
One output port fiber 1.8 0.4 0.6 significantly different values, except the value of sensitiv-
coupler . ik s
ity. From three positions of probe 2, gasoline level sensor
Two output port fiber 1 0.7 04 y P P g

coupler {our paper)

RDD B as probe 1. Based on the data obtained, then RDD A
was selected as RDD 1 paired with sensing port 1, which
serves as the probe 1. While RDD B was selected as RDD
2 paired with sensing port 2 and serves as the probe 2 as
shown in Fig. 2.

Gasoline level sensor experiments using two probes
conducted by varying position of the probe 2 is as high
as 45 cm, 50 cm, and 55 cm from the probe 1. Experimental
results are in the form of output voltage detector as a func-
tion of gasoline level for emptying and filling the tank pro-
cess. The results are shown in Fig. 5. In this experiment, the
laser power used is scaled down using the attenuator as
shown in Fig. 2. The use of two sensing port fiber coupler
optical power increasing repercussions on the received
light detector especially when the gasoline level reaches
maximum level. Increasing the optical power caused the
sensor does not detect changes in the gasoline level of
1 cm, but more than 1 cm. Hence, at maximum level (out-
put voltage detector at the maximum state), maximum
output voltage difference only ranges of 20 mV. When
the tank is empty, the output voltage detectors made
almost the same as when using a single sensor probe
experiment. Data on the process of emptying the tank does
not equal with the data on the process of filling the tank.
The average difference is 6.5%, 8.1%, and 6.0% respectively
for probe 2 position of 45 cm, 50 cm, and 55 cm. The com-
parative plot of the both data (emptying and filling pro-
cess) for all positions of probe 2 is shown in Fig. 6. Fig. 6
{a) is for emptying process while filling process is shown
in Fig. 6(b). For a graph of the linear relationship between
the output voltage detectors to gasoline level for all posi-
tions of the probe 2, which is as high as 45 cm, 50 cm,
and 55 cm from the probe 1, is shown in Fig. 7.

Comparison of gasoline level sensor characteristics
using two probes with the position of probe 2 is at varying
position is shown in Table 2. Table 2 shows the linear range

with position of probe 2 at 55 cm showed the best perfor-
mance because it had higher sensitivity value (an average
of 2,75 mV/cm) than other positions. Thus the use of two
sensing port fiber coupler as a component of two probes
capable to increase linear range or working area of the
gasoline level sensor. A study of the linear range of gasoline
level sensor is very important because analytical formula-
tion of gasoline level sensor transfer (Eq. (5)) is not com-
plete yet. With linear range or working area of 70 cm,
then gasoline level sensor prototype from this experiment
is suitable as sensor level of gasoline or other fuels in
industries that require fuel level sensor is secure from
explosion or fire.

Table 3 shows the comparison of performance between
our level sensors with other optical level sensor. The
advantages of our sensor level compared to the other level
sensor as shown in Table 3 is larger linear region and smal-
ler resolution.

5. Conclusions

The use of two channel output fiber coupler structure of
2 = 2 as two probes to detect the level of gasoline are cap-
able of producing a linear range or working area two times
wider than the use of single probe. Gasoline level sensor
using two probes with the position of the probe 2 at
55 cm above probe 1 is able to detect the level of gasoline
with the dynamic range, the linear region, and resolution
are 100 cm, 70 cm, and 0.4 cm respectively for emptying
and filling the tank process. Sensor sensitivity value for fill-
ing and emptying of the tank process is 2.7 mV/cm and
2.8 mV/cm respectively.
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