Proceedings of ENCIT 2012 14" Brazilian Congress of Thermal Sciences and Engineering
Copyright © 2012 by ABCM October 18-22, 2012, Rio de Janeiro, RJ, Brazil

DATA ACQUISITION SYSTEM AND LOAD CONTROL SYSTEM FOR
DIESEL POWER GENERATOR TESTING

Marco Aurélio Mendes Justino, corelioj@hotmail.com

Osmano Souza Valente, osmano.valente@gmail.com

Eduardo Chaves Moreira dos Santos, eduardocmoreira@tmail.com
Marcio José da Silva, marcio@pucminas.br

José Ricardo Sodréricardo@pucminas.br
Pontificia Universidade Catodlica de Minas GeraidJCMinas
Av. Dom José Gaspar, 500, Coragado Eucaristico, Bei@onte, MG, Brasil CEP 30.535-901

Abstract. Thiswork describes a data acquisition system developed for diesel power generator fuel consumption testing.
The data acquisition system was devel oped using LabView software. The software and hardware that are integral part
of the system are detailed. The main input and output data of the system are described. Typical results produced by the
system are presented for tests carried out in a 50 kW diesel power generator. Maximum discrepancies of the results
obtained using the developed system from reference tests for exhaust gas temperature, fuel conxumption and load
power were below 7%.
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1. INTRODUCTION

Brusamarello and Balbinot (2010) define sensor aswaer converter and transducer as a device thatetts a
signal from a physical form to a corresponding algsf another physical form. A sensor is as a me&asant system
element that is directly affected by a phenomerwogy or substance that contains a measuring paganaed
transducer is used to provide an output signal hlagta specific correlation with the input sizetlBa sensor and a
transducer are measurement system parts. Bolt@8)Eays that, in general, measurement systembeagpresented
as having three elements (Fig. 1):

- transducer, a detection element that producesalgiglated to the amount of the variable beingcded:;
— signal conditioner, which converts the transduggma into a form in which it may be indicated;
— display or recorder, which enables the signal toclael.
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Figure 1. Measurement system elements.

A data acquisition system and a load control systere developed for testing a diesel power generatte data
acquisition software was developed using LabVIEVdtfpkm. LabVIEW is an acronym fo¥irtual Instrument
Engineering Workbench Laboratory. Produced by National Instruments, is a graptpcagiramming language. The first
version appeared in 1986 for Macintosh machinescamtently there are also integrated developmewir@mments
with the Windows operating systems, Linux and Sslarhe application main fields are physical formsasurements,
automation and processes control. The programduaiie in graphic language called Virtual Instrumerfi/l) and
comprise a front panel and block diagrams contgitire code graph program built with data flow dégrfor easy
handling. The programmer does not need to writecue line. The graphical processes presentatieasy to read
and use. An advantage in relation to text-baseguages is the ease to create components in patallerge projects
it is very important to plan thoroughly its struaulLabVIEW presents good interaction with othesggams and can
transfer data to Excel spreadsheets, for example.

2. MEASURING SYSTEM

The experimental apparatus was constituted by kVB@iesel power generator, thermocouples, theresiktors,
thermohygrometer, mass balance, orifice plate, pometer and load system (Fig. 2). The generatatrédecharge was
made by two blocks of 2.5 kW electric resistance®e of 5 kW and four of 10 kW. The applied loadildobe
increased with a minimum step of 2.5 kW. Figureh8vgs the load command circuit. Three control mdumge been
developed (Fig. 4). In the first mode the operatgs the load manually. In the second mode, theedgower generator
is submitted to a pre-established load sequencielthird mode a load sequence can be programméukeboperator
command.



Proceedings of ENCIT 2012 14" Brazilian Congress of Thermal Sciences and Engineering
Copyright © 2012 by ABCM October 18-22, 2012, Rio de Janeiro, RJ, Brazil

Humidity Meter
INJECTION CONTROL Thermohygrometer
DIESEL

Fuel Mass Meter
ENGINE

Temperature Meters

Electronic Scale
Thermocouples -

Admission Air flow meter
Exhaust Orifice Plate
Ambient

GENERATOR .
Temperature Meters Three-phase Electrical Parameters
Resistance 220V- 60 Hz Meter
UPD-200 Transducer
Thermometer

Cooling System's
inlet and outlet
Fuel Tank

Load Control
Load Control Module's
circuit

Figure 2. Components of the experimental apparatus.
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Figure 3. Load control circuit.
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Figure 4. Programmable sequence load front panel.

The test room air temperature and humidity weresmesl using a Thermohygrometer 9406 model manufttu
by Delta Ohm. This thermohygrometer uses a capac#ensor for air humidity measurement and a Ptr&8i3tance.
The digital data was sent from a serial port todbeputer and handled by the LabVIEW software amdfigured for
reading through the Serial Virtual Instrument Saftev Architecture (VISA). Fuel consumption for edmad applied to
electric power generator was calculated by the fag¢itween the mass variation in the fuel tank &edt¢st time. The

fuel tank mass was measured by a digital balanderlinodel B520. The intake air flow rate was meagwrsing an
orifice plate, according to ISO 5167 standard (13@03).
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The UPD-200 (Fig. 5) is a programmable microprooesand transducer for measurement, calculation and
visualization of the main three-phase electricalvoeks parameter. The UPD-200 has a communicatimrface RS
485 and MODBUS RTU protocol, that allows for comnmation with the computer. For connection of tmgerface
with a developed system serial port RS 232 a coew®&S 485 to RS 232 was used, manufactured byoAfréd. 6). In
a three-phase electric power system the eleceivalgy is given by the equatig, = V3 Vs I; cos @, where \f; is the
phase voltage (Volt),q is the phase current (Ampere), ang,Rs three-phase electric power (Watt), bejnthe lag
angle between ) and ;. ¢ has a value of zero for resistive circuits. Phaiseents were transferred to the UPD-200
through current transformers with transformatiotior&00 to 5. The electric power meter communicatgyotocol
MODBUS RTU is set with a speed communication 9606, Imo parity, 1 stop bit, 1 peripheral, and 8 dbétta

Figure 5. UPD-200 microprocessor. Figurdk& 485 to RS 23@onverter

The balance, thermohygrometer and electric powelerm@00 UPD) were directly connected to the coraput
through serial communication ports and the data acaessed by the Labview software. Thermocoupleatsgwere
amplified and filtered by the circuits shown by &ig and 8. The thermo resistor provides curreapeti signals that,
through a board with resistors, are convertedvottage. All these signals were inserted in the@aiguisition board to
to convert analog signals into digital signals adow to the communication protocol and transfettadugh a USB
cable to the computer. The conditioned signals fithe thermocouples and thermal resistors were esdjiand
processed by the data acquisition board througipthgram shown by Fig. 9. The experiments couldnoaitored in
real-time via a software interface containing akkasurable parameters by the data acquisition syatehthe load
control system (Fig. 10).
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Figure 7. Temperature signal amplifier.
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Figure 8. Low pass filter.
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Figure 9.Temperature data acquisition program.
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Figure 10. Programmable software interface.
4. DATA ACQUISITION SYSTEM AND CONTROL SYSTEM VALI DATION

Tests were conducted with the load control systaththe data acquisition system, and the resulte wempared
with those obtained by Valente (2008). The maximuroertainty of the measurements, calculated byrégnodology
described by Kline and McClintock (1953), is sholmnTable 1. The exhaust gas temperature data caedrein Fig.
11. The exhaust gas temperature measured in thik present a minimum difference of 0.34% at 20 kW &
maximum difference of 5.72% at 30 kW in compariswith the measurements performed by Valente (200Bjs
discrepancy can be explained by the different antb@nditions of the tests, as the exhaust gas d@eatye is
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influenced by room temperature, pressure and htynidinother possible influence was the use of déifé acquisition
equipment, once Valente (2008) used a digital logpéph Yakogawa model DL 708 to acquire the exha@as
temperature data in his work. The use of diffefaat samples may also have played a role.

In the reference work (Valente, 2008) fuel consuamptvas determined using a balance with a maximahevof
5 kg and a resolution measuring 0.1 kg. The aveoagieree fuel weight measurements at the beginaimjat the end
of the test was used to calculate fuel consumpttagure 12 shows the two measurement methods sediiere is a
minimum difference of 3.63% in 0.0 kW and maximufi6®7% in 10 kW. Maximum uncertainty of fuel congotion
measurement by SICCAD-LabGEE is 2.85%. The valwmspared to electrical power between the two works a
shown by Fig. 13. The smallest difference was 2.%1%0 kW and the largest difference was 3.69%0ak\%. The
maximum uncertainty of power measurement by SiICQADGEE is 0.05%.
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Figure 11. Comparison of exhaust gas temperatuiatican with load power.
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Figure 12. Comparison of fuel consumption variatigth load power.
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Figure 13. Comparison of measured load power tranavith nominal power.

Table 1. Uncertainty of the measurements.

PARAMETER UNCERTAINTY
Power (kW) +0.3

Exhaust gas temperaturicC) *+4.8

Fuel consumption (kg/h) +0.1

5. CONCLUSIONS

A data acquisition system and a load control systewe been developed for a diesel power generagting.
System software has been developed based on thdEabplatform. The systems have been tested aganestous
results obtained by Valente (2008) from the samdépagent, using manual control and data acquisitioests were
carried out to compare exhaust gas temperaturec@umsumption and measured load power variatioh wated load
power. Maximum discrepancies of 5.7%, 7.0% and 3uwfe obtained for exhaust gas temperature, fusdwoption
and measured load power, respectively. The diffarenwere attributed to different ambient conditiang equipment
used to acquire the data. Overall, the developstksyperformance was satisfactory.
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