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Abstract

This paper documents the implementation process of a fuel measurement system
based on the gravimetric principle for applications in Engine Test Bench. To do
this, the design of the measurement hardware consists of a gravimetric scale with
serial output, feed pump, and a valve; which interact with each other thanks to the
programming developed in the Arduino UNO® environment, it is possible to
guarantee protection against possible disturbances that may affect the data
measured by the scale by means of an acrylic structure. For the visualization and
interaction with the information collected by the meter, an executable application
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iIs made using the LabView ™ computational tool. Finally, a series of runs are
carried out to guarantee compatibility with the existing testbench in the laboratory
and to demonstrate the functionality of the system.

Keywords: System, Measurements, Gravimetric, Flow, Arduino UNO®
programing, LabVIEW™

1. Introduction

Diesel engines and ignition engines have been a fundamental tool for the industrial
and technological development of man, being of great importance in fields such as
transport and power generation, to name a few.

Currently, fuels [1] and alternative processes applied to this type of finished
machines [2-3] have been explored, in order to increase their performance more and
more, thus reducing the emission of polluting gases in the exhaust and the
consumption of fuel, resulting in a more efficient and more environmentally
friendly machine [4]. Internal combustion engines, in general, must maintain a
precise relationship between fuel and air, to optimize consumption, thus reducing
costs and pollutant emissions. This ratio of the mass of fuel and air is known as
engine dosing [2].

The height concerning the level of the sea directly influences the dosage of the
engine, making the mixture rich or poor; being richer as it rises concerning sea
level, since the density of air decreases [5]. To determine if the mixture is
homogeneous, the exhaust gases of the engine are analyzed [6]. This dosing is
regulated by controlling the amount of air and fuel that enters, so it is necessary to
apply accurate and reliable control systems [7], which mostly require sensors whose
prices mean high costs [8]. In addition to this, for the visualization of physical
phenomena, thanks to advances in computational technology and industrial
instrumentation, it is generally used a data acquisition system or also known DAQ
[9], basically given by a physical input signal captured by a sensor, a DAQ
hardware, which receives the signal, which may be this current, voltage, resistance
or other electrical attribute that varies with time. Finally, a computer with a
programmable software that allows to store and visualize the measured engineering
variable. In this way, the productivity, processing, and visualization that a DAQ
system offers to the research centers in motor test banks allow the possibility of
obtaining more precise measurements in real time and control over the system in a
flexible and reliable way [10]. There are several mass and volumetric flow
measurement systems, which vary depending on the physical principle of operation;
for applications where the mass flows are low, as is the case with the test and
research banks, meters such as the Coriolis type are more commonly used [11].

In the latter, the measurement of the quantity of mass supplied in a time interval is
made [12-13]. Also, this alternative measurement is relatively inexpensive but does
not mean that it is less precise, in fact, this method is internationally recognized
according to the API MPMS (American Petroleum Institute - Manual of Petroleum
Measurement Standard) as the primary reference standard for calibrating large-scale
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mass flow meters [14]. Due to its high degree of precision, economy, low
maintenance and mobilization capacity, it can easily be used to measure the amount
of fuel that enters an internal combustion engine [15], is widely used in research
projects and the development of doctoral theses in recognized international research
centers.

2. Methodology

2.1. Operation of the measurement system

To make a complete measurement of the HX711 module being a transmitter of the
load cell converts the load cell signal in gram values. Then the final weight is
recorded to calculate the mass difference and divided by the elapsed time. In this
way, the consumption is found in grams per second and is sent to the output 0-5V.
If the minimum weight allowed for the measurement is reached, the filling state is
activated where the pump is activated, and the valve is opened to fill the container
on scale. Once the filling is finished, it is measured again. The user can suspend the
filling and measuring process at any time by activating the emergency switch. To
return to normal operation, the user will have to activate the switch again.

2.2. Electronic scale

The electronic scale, whose reference is BL-H2, Bernalo® brand, has a resolution
of 0.01 gr, a load cell with a capacity of 1000 gr.

This scale is responsible for measuring the weight of the fuel that passes through
the filling container; this measurement is used as a reference to start the filling cycle
when reaching the minimum set point, likewise, start the consumption measurement
cycle when reaching the set maximum set point.

The scale has an HX711 Module Load Cell Transmitter, which allows serial
communication between the load cell and the Arduino UNO®, using the HX711
module is how the scale and the computer interact to be able to carry out the
programming in Arduino UNO ®.

2.3. Electronic components

Arduino® is responsible for performing the logical communication between the
computer, the relay (which in turn turns on and off both the pump and the valve for
filling) and the scale so that everything as a whole work automatically [16].
HX711 is a 24-bit precision analog-digital converter (ADC) designed for weighing
scales and industrial control applications to interact directly with a bridge sensor.
The input multiplexer selects the differential input of channel A or B to the
programmable low noise gain amplifier (PGA). Channel A can be programmed
with a gain of 128 or 64, corresponding to a full-scale differential input voltage of
+ 20mV or + 40mV, respectively, when a 5V source is connected to the analog
power supply pin AVDD. Which channel A is used for communication with the
load cell of the Scale [17].

Each of the mechanical elements had to be connected to each other in such a way
that they interact. This must be done through the logical pins designed for each
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function. It also respected its color code to facilitate understanding and maintain
order, thus avoiding errors that could end in the system not working or damage in
possible future manipulations. Correctly connecting each pin to the Arduino is of
utmost importance also so that the code developed works correctly and the element
performs the function that was predisposed to it [18].

The way in which each of the electronic elements is visualized in the following
scheme:

Display LCD

Figure 1. Diagram of connections between electronic components

2.4. Operation of the control system and data processing

The data processing and control system, whose core is the Arduino UNO®, is
responsible for receiving the information from the scale (fuel weight
measurements) and converting it into electric pulses, to control the filling of the
beaker using the valve and pump. The code that governs the operation of the control
and data processing system is configured so that each time the weight on scale
equals a minimum set point, the relay closes its circuit, thus allowing the activation
of the solenoid valve and the pump.

This filling cycle will take place until the weight on scale equals a maximum set
point, which is when the relay will open its circuit, cutting off the electrical flow to
the solenoid valve and the pump, also activating the consumption measurement
algorithm. Fuel, this will be the measurement cycle, identified with the green light
on the control cabinet panel. During the measurement cycle the motor will naturally
demand fuel from the beaker, the scale will continue to carry out its measurement,
with the difference that, in this cycle, each measurement taken by the scale will be
subtracted from the measurement taken in the previous second, dividing the result

of this difference between the elapsed time:
Final Weight—Initial Weight

ATime

Consumption =

(1)

This action is repeated every 1 second, thus calculating the fuel consumption of the
engine with 1 second of frequency during the measurement process. Every second
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that the calculation of consumption is made, it is shown on an LED screen located
on the front panel of the cabinet for manual data collection, in turn, shown in the
executable program of visualization and data storage developed in LabView ™.

3. Results and discussion
Below are the results of the main points of the present study:

3.1. Software development through the LabVIEW ™ environment

Defined the signal of the scale and developed in parameters of fuel consumption (g
/'s), the variable shown through the serial monitor of the Arduino® is used for the
processing of said serial signal in numerical data in the programming environment
LabView ™ (Fract / Exp String To Number), which proceeds to the visualization
of the fuel consumption in the computer through a virtual instrument (V1)
developed in said programming environment. By previously obtaining the serial
reading thanks to the VISA tool (read buffer) transformed to numerical data, it
allows the acquisition and storage of reports thanks to the Report Generation tool,
exporting this data to an Excel® spreadsheet (Figure 1).

For the visualization of the consumption data of the two banks of test engines, an
algorithm is developed that allows the reading and processing of the signal [19].
This algorithm is basically divided into three stages, which is developed in a While
Loop structure.

COM - BANCO 2

Figure 1. Block diagram of fuel consumption and report

3.2. Tests and discussion

To verify that the fuel measurement system based on the gravimetric principle for
applications in banks of thermal engines works correctly, a series of runs were
carried out, 1 with the 4-stroke Diesel engine Sokan brand, model SK-MDF300,
whose maximum power is 6,6 HP (5,9 kW) at 3600 RPM. In each of the runs, both
the one made in the engine and the 3 made with controlled flow output, 8 data were
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taken with the acquisition software configured to save 1 data per second for 8
seconds, in the same way an flow meter YF-S401, submitting the Fuel Consumption
process to the same conditions (Free Exit Consumption, Run 1, 2, 3) the data was
taken (Series 1, 2, 3) with the flow meter in order to make a comparison to
determine the reliability of the gravimetric measurement system, giving the
following results:

Table 1. Results of performance tests
. Standard
Time [s] 1 2 3 4 5 6 7 8 deviation Average
Consumption | Runt[g] | 923 | 898 | 8,75 | 8,83 | 9,07 | 898 | 9,07 | 9,18 | +0,163133 | 9,01120
(gf:\/‘l’r‘#gt‘::c Run2[g] | 13,16 | 12,96 | 13,04 | 12,66 | 12,87 12,75 | 12,82 | 12,9 | =0,159463 | 12,8950
meter) | Run3[g] | 151 | 1526 14,8 | 14,76 14,67 14,75 1495|1526 | +0,236458 | 14,9437
Engine
consumption | RN [6] | 036 | 034 | 036 | 035 | 0,33 | 034 | 035 | 0,35 | +0010351 | 03475
Consumption | SeMial 1 (]| 9.13 | 935 | 9,12 | 9,06 | 9,18 | 9,08 | 8,12 | 9,31 | +0,104744 | 91700
free output | Serial 2 [g] | 12,99 | 13,11 | 13,05 | 13,29 | 13,15 | 13,24 | 12,93 | 12,67 | +0,196246 | 13,0537
(Flowmeter) Feoriaia ] | 15,30 | 15,13 | 14,94 | 15,13 | 15,03 | 15,02 | 14,98 | 14,94 | = 0,122525 | 15,0587

It can be evidenced in Figure 3

M Consumption [g]

that taking the runs with the gravimetric
measurement system and the same conditions with the turbine type flowmeter, the
behavior of both flow measurement systems tend to be the same.
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Figure 3. Comparative experimental data of the flowmeter and gravimetric meter

4. Conclusions

The Arduino® code can interpret the signals obtained by the scale and calculate
from them the fuel flow rate; no spills due to overfilling, thanks to the two position
logic implemented (On / Off). The electronic elements used work at 5 volts and 12
volts, facilitating compatibility with the signals coming from the Arduino®, which,
in turn, interprets the measurements taken by the scale with a direct connection to
the computer.
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It is possible to visualize and store in real time the data resulting from the flow
measurement through a simple and intuitive interface, developed through the free
trial version of LabVIEW ™., [t was verified that the measurement system
developed is reliable by means of a series of measurements that were made together
with a commercial flowmeter model YF-S401, in order to compare the results,
showing that the commercial flowmeter, due to its low Resolution and measurement
range, presents difficulties with small flow rates, increasing the percentage of error
between both meters. Based on the information obtained from catalogs and
scientific sources, the calculation of the uncertainty of the flow measurement
system was performed, obtaining as a result that the confidence level of the same is
95% with a coverage factor of k = 2.
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