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Abstract. In accordance with American Standard, ASHRAE 9332@dopted for the tests with solar simulator o t
Brazilian Label Program of the INMETRO, the averagdue of the incident irradiance in the plan oétbollector
must be evaluated with frequency during the testastantaneous thermal efficiency. For such, thgqeted area is
divided in square shaped meshes with 15 cm of ambgptable maximum shunting line is of + 10% ilatien to the
average value of the measured irradiance. Curreritlis made use of a Manual Cartesian Positionfscanner) used
for the displacement of pyranometer and operatedhi® technicians of the laboratory. However, tduee the time of
use of the light bulbs, consumption of electricrgpeerrors and inherent risks of this manual opéra, were
developed an automatized scanner that uses stepmigrs microcontrolled and supervised by LabViE\dnguage.
The preliminary tests had been sufficiently prongisind are being defined the stages of its defitinplementation,
used instrumentation and the results gotten in @tapn to the manual system. In the final stage, dlaluation of
the spectral irradiance will also be made, with thelusion of six filters EPPLEY: GG395, GG495, BB5RG610,
RG695 and RG780. This procedure must be repeateddb 500 hours of operation of the eight metaldaalight
bulbs, with individual power of 5000W, that theynpmse the solar simulator.
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1. INTRODUCTION

In December of 2004 at the Group of Studies in En€GREEN), located in the Pontifical Universityt@Galic of
Minas Gerais (PUC Minas), the first Solar SimulatbiContinuous Flux of Latin America was installadd since the
beginning of 2005, assays of instantaneous theeffiaiency for solar water collectors have beingriesl through in
order to take care of the Brazilian Label PrograRBE, co-ordinated by National Institute of Metrgyo(INMETRO)
with the support of ELETROBRAS/PROCEL. The assafysstantaneous thermal efficiency are carried digioin
agreement with American Standard ASHRAE 93-2003rw/tiee average value of the incident irradiancehénplan of
the solar collector in test may be evaluated watutarity. Currently, for this evaluation, it is deuse of a manually
cartesian positioner (manual scanner) for displacgnof a pyranometer operated by technicians oflaberatory.
Therefore, the automation of the cartesian postidodecomes important in order to reduce the timesefof the light
bulbs, consumption of electric energy, and maimhprs and inherent risks of the manual operatiarthls paper, the
stages of implementation of automatized scannepasented which had been divided in: electric/raaatal project
and microelectronic/power project. Moreover, alse initial results of the spectral evaluation of tight bulbs of the
solar simulator are presented in order to inquieeaging of the same ones.



2. SOLAR SIMULATOR

2.1. Light bulbs

The solar simulator (Fig. 1 (a)) is composed bysiesn of 8 special light bulbs (Metal Halide GlghldHG) which
totalize a nominal power of 40kW. This set illunties uniformly an area of 2.80°nwhich the emitted irradiance has
an electromagnetic spectrum close to Sun spectagrsfecified in the CIE In. 85, Table 4, 1989).htigulbs are
energized by electronic power source (Eletronic &o8upply, EPS) whose performance stabilizes atidhizes the
characteristics of the solar spectrum simulated, @so increase the time of life of the light buibs35%. Moreover,

the control of the irradiance emitted for the lightbs is carried through by a dedicated computeset with software,
which facilitates the management and use of theesams.

2.2. Artificial Sky

The known device as artificial sky (Fig. 1 (a)jnaovative among solar simulators installed in odhaternationals
centers for assays of solar collectors. It impargais justified by simulation of radiating excharggmditions between
the solar collector and the celestial vault. Ineagnent with Duffie and Beckmann (1991), the tentpeeaof the
celestial vault is lower to the ambient temperatieut 6°C and 30°C for tropical and cold regicespectively. The
artificial sky has the purpose to reduce the tertpee in the neighborhoods of the solar colledtat ts being assayed.

2.3. Manual Cartesian Positioner (Manual Scanner)

The manual cartesian positioner (manual scanneg usthe Solar Simulator is composed by one Kipgdaen
pyranometer model CM21 which measures the irradiamitted by the light bulbs. This is fixed on aminum bar
which through winches, operated manually, puts mimtion the sensor in axis x and y thus making iptessthe
sweeps of the whole area of assay for solar collscthat is, the evaluation of irradiance unifdgnais Fig. 1(b) show.
The importance of this evaluation is due to sinedatradiance generally varied in intensity on @hea of assay. Thus,
for verification, the area is divided in square g meshes with 0.15 m of side, composed by a tftal60
measurements points, where pyranometer is disldcateich the maximum and minimum measured may putates
+10% from the average value measurement (ASHRAEQEBR

Figure 1. (a) Solar Simulator (b) Manual cartegasitioner /pyranometer/tecnician.

During the evaluation of uniformity, two technicgaare necessary for realize the procedure as fsiltve first one
remains inside the area of assays, protected égialp clothes, eyeglasses and sun cream in ooderotect itself
mainly of ultraviolet rays (UV) produced by theHigbulbs, realized the control of the manual scafiig.1 (b)). The
second technician, stay on control room supervisimgasurements gotten by pyranometer through a leatfVi
program.

It fits to stand out that for each point of the iméisis necessary to wait 10 seconds, for respetiedime constant
of pyranometer thus preventing errors in the messaf irradiance. Therefore, to evaluate the uniftyrin all area of
assay (160 points) it are necessary a total ofo460t minutes. This procedure is tiered for bothtemthnicians but
mainly for the technician who is inside of the amdaassay due its “exposition”, even protectedjrafdiance for a



considerable period beyond generating a thermabdifort caused by the heating of the assay plaaedén reach
temperatures above 30°C. Thus, ahead of thisyéii# being developing the automation of manwamer. The next
items describe the stages of implementation ofatitenomous system which had been called of elettriechanical
project and microelectronic /power project.

3. ELECTRIC / MECHANICAL PROJECT

The electric / mechanical system of the automatizadesian positioner is constituted by two stegamand a
coupling system. Below it follows the used methodglto sizing the motors and coupling.

3.1. Step Motors

The step motor is an electric engine that conwenrdggital signal input into controlled mechanicabvement. The
rotation of its axis is given by steps that carti@®ugh the lesser possible angular displacenddms. characteristic is
one of the advantages of this type of engine, causars generated by positioning are not a paramntét is
accumulative, thus allowing, a great precisiortsrapplications.

3.2. Sizing of Step Motors

In order to size the step motors to execute theatip@ of “scanner” in the solar simulator, it wascessary
determine the value of momentum in a given frequeicperation that agrees to a defined resolufidre frequency,
for a motor with known resolution, is basicallyatdd with a necessary time for a pyranometer diséscfrom the
actual current point until the next point of irradce acquisition. The momentum must be enoughnadhve attrition of
the system and to speed up all the mass untildlwalated frequency.

3.2.1. Momentum in function of load

As, for the case of the simulator, the attritiorefficients, as well as the static behavior of thstam, it are very
specific, was used an experimental method thattitotesl in inserting, gradually, diverse weightsegfual masses and
with a known ray distance in an attached scalehéowinch in order to get the torsion momentum i@ ¢ommand
pulley as Fig. 2 (a) shows. The tests for axissydl@owed in Fig. 2 (b)), it had consisted positigndbjects of average
weight of 1.890 N throughout the related axis. As tay of the command pulley measures 0.0311 m,gwtsen that,
the biggest torsion momentum in function of loadaxis y was of 0.461 N.m. The practical procedwe the
determination of the biggest torsion momentum iiatien to axis x was similar to the previous onewbver, the
winch, identical to the previous one, is inclingd4b° as it is shown in Fig. 2 (c). Being thus, tiadue of 0.449 N.m
was gotten for the torsion momentum in relatioaxs Xx.
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Figure 2. (a) Experimental method (b) Torsion motag on axis Y; (c) Torsion momentuwn axis X.

3.2.2. Momentum in function of acceleration

In order to determine the momentum in functionted ticceleration of the set, it were necessary termne the
total inertia of the system, the angle of s&p), the diameter of the internal pulley, the peraf positioning and
acceleration. In function of the availability inetimarket and for the excellent linear resoluticat ttan be gotten, a step
angle of 1.8°€(s)) was chosen. The distance to be covered bgdhis the gaps between a point of attainmentef th
irradiance and another one, it corresponds to hifk). The diameter of the internal pulley is knoawnd measure
0.0478 m (D). Thus, the number of necessary putbes,is, the number of steps needs to executertbieement is
determined by the Eq. (1).

Al pulsed = % %((Z) =200 (1)



As one of the objectives of the project is to diistinthe assay time, it was developed a routineutin MATLAB®
software in order to choose optimum running tiﬁibrough this routine, it was verified that a smakl:luction in the

diminishing significantly the total time of opem@ti Thus the running time of 1 second was choosbat it results in
an estimate time for realize “scanner”, without xpected, of 24 minutes and operation frequency5&f Rulses per
second.

For a linear acceleration with a time of t = 1 gatowill be necessary a momentum for the accetaratf the
system in accordance with the inertia and inert@m@ntum (Ma [N.m]) for each component until the rapien
frequency. Thus, the general equation of the mashior each axis is given by Eq. (2) and Eq. (Iplswing:

For axis y:
tl 2

wi 1 : 1
IM a'o_z dt=— 2 mpyaranome&r X 2 pulley wZ 2 + rnheader X - 2 I motor'(")2 (2)
0
For axis x:

2 2

IMa_dt_ 2 mpyranometex pulleyw 2+ rnieaderx + nl;tructur(.x motora)2 (3)

Through out the routine in the MATLABSsoftware, it was also gotten, the value of the mwtum for the
acceleration in function of the momentum of inemiathe engine, that is, 1.575 and 0.490 N.m fos axand y
respectively. Therefore, the found momentum will bequired to place all the structure in movement.

3.3. Coupling of Motors

The coupling of the motors responsible for the ldispment in the axis x will have to be carried tlylo by the
below side of the sustentation bar of the solautaior. The engine will be screwed in an aluminuatethat will be
fixed in the proper structure of the simulatorthis way, to carry through the transference ofggbeer for the guide of
movement of pyranometer (winch), it was opted iogia set of dentate leather strap and two pubeysig. 3 shows.

The pulleys had been chosen in accordance withektbernal diameter, 0.138 m of axis of the curreminoal
system. Aluminum pulleys had been selected witlpsstence a time that the leather straps will fumctioclined.
Through the catalogue of the manufacturer of lgagtraps “SCHNEIDER” and ownership of the extemiaimeter of
the coupling, and the conditions of functioning fasmentum and rotation) the pulley was chosentibter fit to the
system.

With the choice of adequate pulley the primitivardeter was gotten that together with the initistatice of the
axis of the engine to the axis of the coupling Watermined the length (0.255 m) and the step (OmB06f the leather
strap beyond the tooth number (51) in order tdifats the contact of the same one with the pulleys
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Figure 3. Coupling system of axis x.

This was the best option, once a time that the vfoc manual movement is part of the set of theesgsand it does
not have to be removed. Moreover, the permanentbkeo$ame one is fundamental so that it is possibl@anually
continue operating the scanner in case that sooi#gm occurs in the automatized system. For thénengf the axis y
the coupling it will be simpler and it will not depd on the system of pulleys, leather strap andtwin



4. MICROELECTRONIC/POWER PROJECT
4.1. Microcontrollers (PIC)

For the accomplishment of this project, was us@dagrammable Integrate Circuit (PIC), that is, amdontroller.
This type of microcontroller possess a CPU thatates with a maximum clock of 20 MHz, with instriocis cycle of
200 ns.

It is possible to record a code source progrananguages C++ or Assembly, through a compiler wiioegates a
hexadecimal code (machine language) into the mefftesly of the PIC. This process of writing is cadrithrough by a
programmer hardwired to a PC. Microcontrollers Ri@ve as great attractive the available amount p§ @ind
functions. For this project, a model PDIP of 40 spimas chosen, with 33 pins of I/O. Initially, a dguon the
characteristics of the hardware of these microotletis and its programming language was made. Tagramming
language C++ was chosen as standard for the implanien of the routines of displacement of the eagifor being
more considered “friendly” to the user.

The main idea was to introducing control logic lué tlisplacement for step motors into the microasietr. For this,

functions of interruption of software for generatiof sequences of pulses had been used that comimamdtation of
the axles of the step motors with the frequency@eedefined ways.
The code bases on the idea that pyranometer magireim fixed points for enough period to stabilizat of the
realized measure. Thus, the movement commanded®ynBst be enough necessary to always locate pyrates in
same points of the test area, that is, interval8.©% m. This accuracy is guaranteed by using TRMBodule of the
microcontroller.

For the interface of the microcontroller with thep motors I-MAG_REV2 board was used. This boamfigaring
the functioning of the microcontroller and offethers diverse applications, as a serial commuwicatthernet, USB,
etc. For the final phase of the project, it is pkah to carry through the substitution of the cdniging microcontroller
PIC for instrumentation compatible with Nationastruments. This instrumentation will be use invgigh a software of
control developed in LabVIEWlanguage.

4.2. Power Electronic Circuit

PIC Microcontroller is capable to supply maximumreat of 25 mA and 5 Volts in each one of its parid/O. As
the designed motors for the project they requigh lmower, which cannot directly be supplied by wéontroller pins,
was develop a power circuit that took care of ti@sessity.

The power electronic circuit is based on MOSFET pgonents and power drivers; that can offer a loaggpap to
30 Volts and 5 Amperes. In Fig. 4, we can obsechematic power control circuits for used step nmtor
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Figure 4. Control and power circuit diagram.
5. EVALUATION OF THE SPECTRAL IRRADIANCE

The objective of this part of project is to evakutie emitted irradiance spectrum by metal halglg bulbs of the
solar simulator. In accordance with standard ANSHRAE/93-2003, this evaluation is fundamental for &ssays of
thermal efficiency of solar collectors that arerigat through for the Brazilian Label Program (PBMETRO). The
knowledge of the spectral bands, ultraviolet (UMgible (VIS) and infra-red (IR) rays will allow tmquire spectral
evolution of the irradiance, guaranteed for the ufacturer, beyond propitiating new studies, redeard new assays
in equipments and materials for use in solar therpietovoltaic, automotive industry and polymers.

5.1. Methodology

For the spectral evaluation of the light bulbsttté solar simulator, it was used two pyranometggléy model
PSP. The first one, called standard, was testeld thé origin filter, that is, filter WG295 that eccordance with the



manufacturer, measures the spectral interval oh@08ntil 2800nm. The second pyranometer, beyond\ta295, had
been used six filters (GG395, GG495, OG530, RGRGAEIS and RG780) with different wavelengths, whitsh
spectral below limits are initiated in 395, 49505810, 695, 780nm respectively, and all have @meessuperior limit
of 2800nm, as it can observe in Fig. 5.
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Figure 5. Spectral interval for each filter

The two pyranometers had been placed in the ceffitdre solar simulator assays benches. The filieesl in the
assembly are illustrated in the Fig. 6 (a) / (b). the data had been collected and stored by dggelo Campbell
Scientific/CR10X.

To guarantee the stabilization of spectrum, 15 teimare necessary, in accordance with manufactordgat the
light bulbs of simulator. Passed this period wattaited the measurement of the irradiance with@uaepower level of
70% of nominal value. At this time, both pyranometere using filter WG295 and had remained with shene filter
per 7 minutes. After this interval of time, filt®¢G295 was substituted by filter GG395 in PSP, Bigc), remaining
with the same 7 minutes. As considered by ArildiBamhdsen (1978), the seven minutes for each fidtaecessary for
the stabilization of the irradiance measured fa@ BSP. This procedure was repeated for all filked restarted for
other different levels of power: 75%, 80%, 90% dfd%. It fits to stand out that for the changegaotver level for
another one, was expected 5 minutes before megdhenirradiance emitted for the lights bulbs.
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Figure 6. (a) Filters used; (b) Sensor on benckmfsolar simulator; (c) Substitution of filtersiihg test.



In whole test, the ambient temperature was mordtoas well as the inlet and outlet temperatureartficial sky.
The influence of the increase of the temperatuggymnometer can cause errors of precision in thasurement as was
evidenced by Qiand and Tsay (2000). Thus, thevtastdivided in two days: in the first the power7€f 75 and 80%
had been used. In second, power of 90 and 100%cdllected data had been treated, analyzed andar@ahpvith the
data considered for the standard ASTM G159-98, lwbigygests spectral solar tables.

5.2.Initial Results

The energy emitted by the simulator and absorbedduy filter, given as practical energy, was welktrto the
theoretical energy suggested by tables, in theespanding spectral interval to each filter, of d&md ASTM G159-98.
However, the filters had collected different amauof irradiance, for different power levels beidmtt the energy
percentage was remained constant. Thus, in acomedaith the Fig.7, the WG295 got the biggest apgndaetween
the energies practical and theoretical with the grolevel of 80%. Filters GG495, OG530, RG610, RGH&8 gotten
the biggest approach with the equal power level 90fe RG780 was come close to the theoretical valitie the
100% power. Between the filters, the OG530 presktite lesser difference between the energies: 0ARd. the
RG610 presented the biggest difference betweeartbggies: 6.3%.
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Figure 7. Curves for different filters and powevdbs for simulator compared with an energy suggebte standard
ASTM G159-98.

This initial study became possible to evaluate ghectral division of the energy emitted by the tiglilbs of
simulator. Such fact is important to direct the po¥evel in the simulator for determined type opligation. However,
it is necessary still to verify the contribution ehch wavelength for this energy, that is, to gbarnhe spectral
distribution emitted by the Solar Simulator.

6. CONCLUSION

In this work, the implementation stages for autdomatthe manual scanner of the solar simulator hadnb
presented. It fits to stand out that, currentlye throjects mechanical/electric and microelectrgis/er are in
integration phase, being that the first tests wilthintegrated system it already meet in progrésselation to the
evaluation of the spectral irradiance emitted by fight bulbs of the solar simulator, the comparidm®mtween the
theoretical energy fraction will be carried throughthe spectral interval for each filter, caldeldthrough the formula
of Pivovonsky and Nagel (1961), indicated by Duffed Beckman (1991), with the energy absorbed fier t
pyranometers in the practical one. For this, lidig developed a program in LabVIEWIanguage for the calculation
of the energy fraction. Being thus, soon, the tesofl the automation of “scanner” and of the sanalysis will be
divulged in future works.
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