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NANOSATC-BR1 is the first Brazilian Scientific University CubeSat launched in 19th June onboard a Dnepr Launcher in the Yasny Launch Base, in Orenburg Region, Russia. The Project has been designed and executed by the NANOSATC-BR, CubeSats  Development Program and developed in a  partnership between the Southern Regional Space Research Center from the National Institute for Space Research and the Santa Maria Space Science Laboratory, from the Technological Center at the Federal University of Santa Maria (CRS/INPE-MCTI x LACESM/CT-UFSM). The aim of this work is the study of the NANOSATC-BR1 Electrical Power System presenting the technology applied to convert the solar energy into electrical energy, its power budget, the main loads, payload power consumption and the power generation behavior.  A comparison is made between the preliminary power generation calculated with mathematical software and the real space orbit measures collected between the 22th June to 8th August, showing also the main technical electrical information like the battery voltage, current, solar cell voltage and current, and satellite temperature in space orbit.  The study is important to set the Programs's next and future space mission constraints, like the NANOSATC-BR2 nanosatellite, that is been developed by the Program and the development of new space technologies. Results are presented and discussed in order to comprehend the behavior of the satellite in space orbit and the development of new low cost technologies to apply in other nanosatellites of the Program.
[bookmark: _GoBack]1 Introduction
The NANOSATC-BR1 satellite is the first Brazilian scientific nanosatellite developed and built in a partnership between the Southern Regional Space Research Center from the National Institute for Space Research and the Santa Maria Space Science Laboratory, from the Technological Center at the Federal University of Santa Maria (CRS/INPE-MCTI x LACESM/CT-UFSM). The goals of the project are the contact of students, thecnologists, researchers and universities professors with space technologies, the operation of a space mission, the development of new low cost technologies and the space climate monitoring.
The NANOSATC-BR1 is a 1U CubeSat and its measures are (10x10x10 cm) and it weighs 0,965 kilogram. It was launched in 19th in Yasny Launch Base in a Low Earth Orbit (LEO) and since 22th June it is sending data to the Ground Station (GS) located in Santa Maria - RS GS(INPE-CRS), south of Brazil and São José dos Campos – SP, GS(INPE-ITA) southwest. The Engineering Model (EM) is been shown in Fig. 1.
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Fig. 1. The NANOSATC-BR1 Engineering Model. 
Magnetic sensors and two experiments of Santa Maria design House and Federal University of Rio Grande do Sul are the NANOSATC-BR1 scientific and technological payloads. The magnetic sensor is monitoring the South American Magnetic Anomaly (SAMA) that is a weak region of Earth’s magnetic field located in the South American continent, (Fig. 2). The other two experiments are testing a chip and embedded software in a FPGA, qualifying their functioning in the space environment.
[image: ]
Fig. 2. The Earth’ magnetic field around the Globe. 
The red area represents the SAMA. 
Source: http://heasarc.gsfc.nasa.gov/docs/rosat/gallery/display/saa.html
The first scientific results are been analyzed and published by the NANOSATC-BR Team confirming the success of the NANOSAT-BR1 mission.
2 The Electrical Power System Unit (EPS)
The electrical power system unit is the system responsible to generate, conditioning, store, control and provide electrical energy to all the satellite. The system is composed of solar panel, DC-DC converters, Li-ion batteries, wires, voltage sensor, current sensor, and a microprocessor, responsible to control the converters’ duty cycle, the maximum power point tracking and the serial connection with the On Board Computer (OBC). [1]
GOMSPACE is the supplier of the NANOSATC-BR1 EPS and his system is composed by three boost converters to elevate the DC level and charge the Li-ion batteries, resulting 7.4 Volts. Buck converters are used to conditioning the two energy output in 5 and 3.3 Volts, (Fig. 3) .[2]
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Fig. 3. GOMSPACE’ EPS topology. Source:[2]
2.1 Power Generation
NANOSATC-BR1 presents 12 multi junction solar cells with 28% of efficiency in the 6 faces to convert the solar energy in electrical energy. Patel (2005) declare that the only power source in the space environment is the solar radiation, then any system that do not use the solar energy have to carry his own power source, like primary battery nuclear energy or a fuel cell.[1] 
The photoelectric effect have been discovered by Edmond Becquerel in 1839 and since the first satellite developed by the URSS have utilized solar cells to feed the chemical batteries almost all the satellites make the solar conversion as the main way to get energy.[3]
A solar cell is represented by an equivalent electrical circuit showed in Fig.4 where Villalva (2009) describes the amount of current that the solar cell is going to convert by a specific incident light, in equation [1].
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Fig. 4. Solar Cell’ equivalent electrical circuit. Source:[4]
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To increment the solar cells’ power generation is been used in photovoltaic applications the MPPT algorithm that track the maximum power point changing the operational point of the cell. When the boost converter is used the duty cycle increases when the recent power generated is higher than the previous power generated.[5]  The maximum power point is shown in Fig.5.
[image: ]
Fig. 5. Solar cell maximum power point. Source:[4]
Considering the best case of power generation with 90% efficiency; 400 mA solar current; 65% of the time in a LEO orbit (approximately 60 minutes)   the period of solar insolation; the amount of power generated will be equal to 2.67 Watts or 149886 Joules.
2.2 Power Conditioning 
Power conditioning in DC-DC current is possible making the use of DC-DC converters, where these devices are compared to a transformer in AC current.[6]
Boost converter is a DC-DC converter that is responsible to raise input voltage, where it circuit is been shown in Fig. 7 and the output voltage is proportional to the switch duty-cycle (d), seen in [2].
[image: ]
Fig. 7. Boost converter electrical circuit. 

	
	
	[2]


To step down the battery voltage to 5 and 3.3 Volts the EPS employs 2 buck converters, (Fig. 8), where the output is directly dependent of the switch duty-cycle, [3].
[image: ]
Fig. 8. Electrical circuit of the buck converter

	
	
	[3]


2.3 Main Loads
The satellite is divided in two categories of equipment, the bus and the payload. The bus comprehend the physical structure and all the vital systems to the satellite be switched on and maintain the contact with the ground station. The bus subsystems are the EPS, Attitude Determination and Control System (ADCS), telecommunications, antenna and the On Board Computer (OBC). The payload is defined by the space mission program and usually is a camera, software, sensor, circuits or other equipment.
The NANOSATC-BR1 main loads are described in Table 1, where the TRXUV RX is the the radio receiver and TRXUV TX is the radio transmitter.

		Subsystem
	Current consumption from battery bus 7.5V [mA]
	Power  [mW]
	Duty Cycle [%]
	Energy cunsu-med in 1h [Wh]
	Energy per 24h [Wh]

	EPS
	33.3
	249.75
	100
	0.2497
	5.994

	Antenna
	5.33
	39.975
	100
	0.0399
	0.959

	OBC
	30.8
	231
	100
	0.231
	5.544

	TRXUV RX
	30
	225
	100
	0.225
	5.4

	Payload Housekeep-ing and magneto-meter
	
20
	
150
	
100
	
0.15
	
3.6

	Payload MIPS and SMDH
	30.9
	231.75
	100
	0.2317
	5.562

	TRXUV TX
	105
	787.5
	0.3
	0.0023
	0.056

	Amount 
	
	
	
	1.13
	27.11




	Table 1 – Main loads of the NANOSATC-BR1 CubeSat



3 Data Analysis 
It is been received usually 2 times a day the data from the CubeSat, where the packets are the beacon, housekeeping, error, magnetometer, and the two experiments. The author have made an analysis of the beacon data the topics related to power expenditure, electrical power generation, battery voltage and temperature among 22th June to 22th Semptember 2014. Results are visualized in Fig.9, Fig.10, Fig.11, Fig.12 where the X axis is not a continuous time. 


Fig. 9. NANOSATC-BR1’ battery voltage among 22th June to 22th Semptember 2014. The X axis is not a continuous time. 

Fig. 10. NANOSATC-BR1’ Currents from 22th June to 22th Semptember 2014. The blue line represent the total system current (mA), red is the PV current (mA), green is the TRXUV RX current (mA).

Fig. 11. NANOSATC-BR1’ internal temperature in Celsius Degrees from 22th June to 22th Semptember 2014.

Fig. 12. NANOSATC-BR1’ photovoltaic voltage and current from 22th June to 22th Semptember 2014. The blue line represent the photovoltaic voltage (mV), red line is the PV current (mA).
4 Results and Conclusions
NANOSATC-BR1’ technical telemetry space data have shown a normal behavior in space orbit related to electrical characteristics. Have been noticed that after some unknown event the battery voltage have started to drop because of the electrical power generation decrease compared to the space mission’ start. Now the satellite is operating in a safe mode because of the battery low level and the data is been sent, telemetry, in a Morse code mode.
Concluding this present work is recommended to discover the effect that occurred during the satellite operation to affirm that the next space mission of the NANOSATC-BR Program will work normally in a nominal mode, acquiring during all the time valid data.
 5 Future Challenges
The presented work has the future challenges to monitor the NANOSATC-BR1 Engineering Model to increase the reliability of the data given by the satellite datasheets, providing the real power consumption of all the operational modes. 
The author is been studying and developing a new energy power supply system to apply in the future space missions of the NANOSATC-BR Program. The first prototype is been tested in the Federal University of Santa Maria at the Technological Center 's Laboratories and the results are going to be shown to the Scientific Academy. The first prototype has the objective to test the topology and verify the efficiency of the circuit. The next step in the project will be the increasing of the efficiency and reliability to Single Event Effects (SEE) which are caused by the collision of electrical particles in the electrical circuit.
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Battery voltage	8.0870000000000015	8.0870000000000015	8.0870000000000015	8.0870000000000015	8.077	8.077	8.077	8.077	8.077	8.077	8.0870000000000015	8.0870000000000015	8.077	8.2289999999999992	8.1580000000000013	8.2289999999999992	8.2690000000000001	8.2489999999999988	8.1580000000000013	8.168000000000001	8.2590000000000003	8.2790000000000017	8.2590000000000003	8.2590000000000003	8.238999999999999	8.2080000000000002	8.238999999999999	8.2289999999999992	8.1980000000000004	8.218	8.218	8.2289999999999992	8.077	8.077	8.077	8.077	8.077	8.077	8.077	8.077	8.077	8.0870000000000015	8.077	8.077	8.077	8.077	8.0670000000000002	8.0670000000000002	8.0670000000000002	8.0670000000000002	8.077	8.2590000000000003	8.1980000000000004	8.2289999999999992	8.2790000000000017	8.2590000000000003	8.2289999999999992	8.2489999999999988	8.1580000000000013	8.2590000000000003	8.1780000000000008	8.2489999999999988	8.2690000000000001	8.2590000000000003	8.2590000000000003	8.218	8.218	8.1980000000000004	8.218	8.2289999999999992	8.1980000000000004	8.2289999999999992	8.2690000000000001	8.2489999999999988	8.238999999999999	8.2489999999999988	8.1479999999999997	8.2690000000000001	8.1880000000000006	8.1780000000000008	8.2289999999999992	8.2289999999999992	8.2590000000000003	8.1980000000000004	8.0470000000000006	8.0570000000000004	8.0570000000000004	8.0470000000000006	8.0570000000000004	8.0570000000000004	8.238999999999999	8.218	8.2489999999999988	8.2489999999999988	8.168000000000001	8.2489999999999988	8.2590000000000003	8.218	8.2489999999999988	8.238999999999999	8.2489999999999988	8.2080000000000002	8.238999999999999	8.2289999999999992	8.2590000000000003	8.2080000000000002	8.077	8.0670000000000002	8.077	8.0670000000000002	8.0670000000000002	8.0670000000000002	8.0670000000000002	8.0670000000000002	8.0670000000000002	8.238999999999999	8.2590000000000003	8.218	8.238999999999999	8.2289999999999992	8.2289999999999992	8.2289999999999992	8.2690000000000001	8.2489999999999988	8.218	8.1980000000000004	8.238999999999999	8.218	8.238999999999999	8.2690000000000001	8.2590000000000003	8.2489999999999988	8.2590000000000003	8.2080000000000002	8.2590000000000003	8.2590000000000003	8.2590000000000003	8.2590000000000003	8.2080000000000002	8.2590000000000003	8.2590000000000003	8.218	8.2289999999999992	8.2489999999999988	8.2790000000000017	8.1980000000000004	8.238999999999999	8.168000000000001	8.2489999999999988	8.2080000000000002	8.238999999999999	8.238999999999999	8.168000000000001	8.2590000000000003	8.2080000000000002	8.077	8.0870000000000015	8.077	8.077	8.077	8.077	8.2080000000000002	8.2080000000000002	8.218	8.2080000000000002	8.1780000000000008	8.1980000000000004	8.2489999999999988	8.218	8.2289999999999992	8.2289999999999992	8.2289999999999992	8.2489999999999988	8.2489999999999988	8.2289999999999992	8.2489999999999988	8.2690000000000001	8.218	8.1780000000000008	8.2489999999999988	8.2690000000000001	8.2690000000000001	8.2690000000000001	8.2590000000000003	8.1580000000000013	8.168000000000001	8.2289999999999992	8.2590000000000003	8.2289999999999992	8.2590000000000003	8.2080000000000002	8.238999999999999	8.2489999999999988	8.2489999999999988	8.2590000000000003	8.238999999999999	8.168000000000001	8.2590000000000003	8.2590000000000003	8.2489999999999988	8.2489999999999988	8.238999999999999	8.1780000000000008	8.168000000000001	8.168000000000001	8.168000000000001	8.168000000000001	8.168000000000001	8.168000000000001	8.168000000000001	8.168000000000001	8.168000000000001	8.1780000000000008	8.1780000000000008	8.1880000000000006	8.1880000000000006	8.1880000000000006	8.1980000000000004	8.1980000000000004	8.2080000000000002	8.2289999999999992	8.2080000000000002	8.218	8.2289999999999992	8.2289999999999992	8.2289999999999992	8.2289999999999992	8.2289999999999992	8.218	8.2289999999999992	8.2080000000000002	8.218	8.218	8.2080000000000002	8.2080000000000002	8.2289999999999992	8.2289999999999992	8.218	8.2489999999999988	8.2080000000000002	8.2289999999999992	8.2080000000000002	8.1880000000000006	8.2590000000000003	8.2489999999999988	8.1880000000000006	8.238999999999999	8.2590000000000003	8.2489999999999988	8.2489999999999988	8.2690000000000001	8.2080000000000002	8.1780000000000008	8.168000000000001	8.2489999999999988	8.238999999999999	8.238999999999999	8.238999999999999	8.2080000000000002	8.1980000000000004	8.2080000000000002	8.218	8.2080000000000002	8.2080000000000002	8.218	8.2080000000000002	8.2080000000000002	8.1980000000000004	8.2080000000000002	8.2080000000000002	8.218	8.2080000000000002	8.2080000000000002	8.0970000000000013	8.0870000000000015	8.0970000000000013	8.0970000000000013	8.0970000000000013	8.0970000000000013	8.0970000000000013	8.0970000000000013	8.0970000000000013	8.0870000000000015	8.0870000000000015	8.0870000000000015	8.0870000000000015	8.0470000000000006	8.0870000000000015	8.0470000000000006	8.0870000000000015	8.077	8.077	8.077	8.0870000000000015	8.077	8.0870000000000015	8.077	8.077	8.077	8.0870000000000015	8.077	8.077	8.077	8.077	8.077	8.077	8.077	8.077	8.077	8.077	8.077	8.077	8.0670000000000002	8.077	8.077	8.077	8.218	8.218	8.168000000000001	8.2289999999999992	8.2289999999999992	8.2289999999999992	8.2289999999999992	8.238999999999999	8.2289999999999992	8.238999999999999	8.238999999999999	8.238999999999999	8.238999999999999	8.238999999999999	8.238999999999999	8.238999999999999	8.2289999999999992	8.238999999999999	8.238999999999999	8.238999999999999	8.2489999999999988	8.2080000000000002	8.2489999999999988	8.2590000000000003	8.238999999999999	8.238999999999999	8.238999999999999	8.238999999999999	8.2489999999999988	8.2489999999999988	8.2489999999999988	8.2489999999999988	8.238999999999999	8.238999999999999	8.2289999999999992	8.2289999999999992	8.2289999999999992	8.238999999999999	8.2489999999999988	8.1980000000000004	8.1880000000000006	8.1880000000000006	8.1580000000000013	8.168000000000001	8.168000000000001	8.1780000000000008	8.1780000000000008	8.1780000000000008	8.1780000000000008	8.168000000000001	8.168000000000001	8.168000000000001	8.168000000000001	8.2080000000000002	8.2080000000000002	8.2080000000000002	8.2080000000000002	8.168000000000001	8.218	8.1580000000000013	8.2080000000000002	8.2080000000000002	8.2080000000000002	8.2080000000000002	8.2080000000000002	8.1980000000000004	8.0570000000000004	8.0570000000000004	8.0570000000000004	8.0570000000000004	8.0570000000000004	8.0570000000000004	8.0570000000000004	8.0570000000000004	8.0570000000000004	8.0570000000000004	8.0570000000000004	8.0470000000000006	8.0570000000000004	8.0470000000000006	8.0470000000000006	7.9459999999999997	7.9560000000000004	7.9459999999999997	7.875	7.9359999999999999	7.9459999999999997	7.9459999999999997	7.9560000000000004	7.9560000000000004	7.9050000000000002	7.9560000000000004	7.9050000000000002	7.9459999999999997	7.8649999999999913	7.9160000000000004	7.8549999999999933	7.8849999999999945	7.9760000000000071	7.9859999999999998	7.9960000000000004	7.9960000000000004	8.0060000000000002	8.0170000000000012	8.0060000000000002	8.027000000000001	8.0170000000000012	8.027000000000001	8.027000000000001	7.9960000000000004	8.0060000000000002	7.9160000000000004	7.9760000000000071	7.9260000000000002	7.9160000000000004	7.875	7.8849999999999945	7.8849999999999945	7.875	7.875	7.875	7.875	7.875	7.875	7.875	7.875	7.875	7.875	7.875	7.875	7.875	7.8449999999999926	7.875	7.835	7.8649999999999913	7.835	7.8449999999999926	7.9459999999999997	7.9560000000000004	7.9660000000000002	7.9760000000000071	7.9760000000000071	7.9660000000000002	7.9560000000000004	7.9560000000000004	7.9560000000000004	7.9560000000000004	7.9859999999999998	7.9859999999999998	7.9760000000000071	7.9859999999999998	7.9760000000000071	7.9859999999999998	7.9859999999999998	7.9760000000000071	7.9760000000000071	7.9760000000000071	7.9760000000000071	7.9760000000000071	7.9859999999999998	7.9760000000000071	7.9859999999999998	7.9859999999999998	7.9760000000000071	8.0370000000000008	7.9760000000000071	7.8549999999999933	7.8549999999999933	7.8549999999999933	7.8649999999999913	7.8039999999999985	7.7939999999999996	7.835	7.8149999999999933	7.8149999999999933	7.8149999999999933	7.8039999999999985	7.6229999999999913	7.6229999999999913	7.6229999999999913	7.6129999999999933	7.6229999999999913	7.6029999999999927	7.5919999999999996	7.5919999999999996	7.5819999999999999	7.5819999999999999	7.5720000000000001	7.4710000000000081	7.4710000000000081	7.4710000000000081	7.4710000000000081	7.431000000000008	7.4710000000000081	7.4710000000000081	7.4610000000000003	7.431000000000008	7.4610000000000003	7.4210000000000003	7.4610000000000003	7.4710000000000081	7.4610000000000003	7.431000000000008	7.4210000000000003	7.4610000000000003	7.4509999999999996	7.4509999999999996	7.2389999999999999	7.2489999999999997	7.2290000000000001	7.2290000000000001	7.2190000000000003	7.2389999999999999	7.1989999999999945	7.1890000000000001	7.1890000000000001	7.1890000000000001	7.1779999999999955	7.1779999999999955	7.1779999999999955	7.1779999999999955	7.1679999999999904	7.1579999999999933	7.1579999999999933	7.1579999999999933	8.077	8.0670000000000002	8.0670000000000002	8.0570000000000004	8.0570000000000004	8.0570000000000004	8.0570000000000004	8.0060000000000002	7.7239999999999975	7.6629999999999914	7.6929999999999916	7.5919999999999996	7.5819999999999999	7.7139999999999995	7.7139999999999995	7.8649999999999913	7.8849999999999945	7.8849999999999945	7.8849999999999945	7.8849999999999945	7.875	Total System Current[mA]	51.944809999999997	108.56464000000011	108.56464000000011	108.56464000000011	49.347529999999999	49.347529999999999	51.944809999999997	111.16186999999999	108.56464000000011	108.56464000000011	51.944809999999997	49.347529999999999	49.347529999999999	105.96740000000011	49.347529999999999	51.944809999999997	108.56464000000011	108.56464000000011	105.96740000000011	51.944809999999997	51.944809999999997	105.96740000000011	105.96740000000011	105.96740000000011	105.96740000000011	105.96740000000011	108.56464000000011	105.96740000000011	105.96740000000011	105.96740000000011	108.56464000000011	105.96740000000011	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	49.347529999999999	49.347529999999999	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	49.347529999999999	49.347529999999999	49.347529999999999	51.944809999999997	51.944809999999997	51.944809999999997	49.347529999999999	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	49.347529999999999	51.944809999999997	105.96740000000011	51.944809999999997	51.944809999999997	49.347529999999999	51.944809999999997	51.944809999999997	51.944809999999997	105.96740000000011	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	49.347529999999999	54.022600000000011	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	108.56464000000011	108.56464000000011	108.56464000000011	111.16186999999999	108.56464000000011	108.56464000000011	111.16186999999999	51.944809999999997	51.944809999999997	49.347529999999999	49.347529999999999	49.347529999999999	51.944809999999997	51.944809999999997	54.022600000000011	51.944809999999997	51.944809999999997	51.944809999999997	49.347529999999999	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	61.294850000000011	58.697620000000001	58.697620000000001	58.697620000000001	58.697620000000001	61.294850000000011	58.697620000000001	58.697620000000001	58.697620000000001	58.697620000000001	58.697620000000001	58.697620000000001	58.697620000000001	61.294850000000011	63.372640000000004	58.697620000000001	58.697620000000001	61.294850000000011	113.23966000000011	58.697620000000001	58.697620000000001	113.23966000000011	58.697620000000001	61.294850000000011	58.697620000000001	61.294850000000011	58.697620000000001	115.83689	58.697620000000001	58.697620000000001	61.294850000000011	58.697620000000001	58.697620000000001	58.697620000000001	58.697620000000001	58.697620000000001	61.294850000000011	61.294850000000011	61.294850000000011	115.83689	61.294850000000011	58.697620000000001	58.697620000000001	113.23966000000011	58.697620000000001	61.294850000000011	61.294850000000011	58.697620000000001	58.697620000000001	58.697620000000001	58.697620000000001	61.294850000000011	58.697620000000001	58.697620000000001	61.294850000000011	115.83689	113.23966000000011	56.61983	58.697620000000001	115.83689	61.294850000000011	58.697620000000001	58.697620000000001	58.697620000000001	58.697620000000001	58.697620000000001	58.697620000000001	61.294850000000011	61.294850000000011	61.294850000000011	58.697620000000001	58.697620000000001	61.294850000000011	58.697620000000001	58.697620000000001	58.697620000000001	58.697620000000001	58.697620000000001	61.294850000000011	58.697620000000001	61.294850000000011	58.697620000000001	61.294850000000011	58.697620000000001	58.697620000000001	58.697620000000001	58.697620000000001	58.697620000000001	61.294850000000011	61.294850000000011	58.697620000000001	61.294850000000011	58.697620000000001	58.697620000000001	58.697620000000001	58.697620000000001	115.83689	115.83689	115.83689	115.83689	115.83689	115.83689	115.83689	115.83689	115.83689	115.83689	115.83689	115.83689	115.83689	115.83689	115.83689	115.83689	115.83689	115.83689	115.83689	115.83689	115.83689	115.83689	115.83689	115.83689	115.83689	115.83689	115.83689	113.23966000000011	61.294850000000011	115.83689	115.83689	113.23966000000011	115.83689	115.83689	113.23966000000011	115.83689	61.294850000000011	61.294850000000011	58.697620000000001	113.23966000000011	61.294850000000011	58.697620000000001	58.697620000000001	58.697620000000001	61.294850000000011	58.697620000000001	58.697620000000001	58.697620000000001	58.697620000000001	61.294850000000011	61.294850000000011	115.83689	61.294850000000011	61.294850000000011	61.294850000000011	61.294850000000011	115.83689	58.697620000000001	115.83689	115.83689	115.83689	115.83689	117.91472000000013	115.83689	115.83689	115.83689	115.83689	115.83689	115.83689	115.83689	115.83689	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	49.347529999999999	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	108.56464000000011	51.944809999999997	111.16186999999999	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	49.347529999999999	49.347529999999999	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	49.347529999999999	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	49.347529999999999	51.944809999999997	51.944809999999997	49.347529999999999	51.944809999999997	51.944809999999997	51.944809999999997	105.96740000000011	51.944809999999997	49.347529999999999	51.944809999999997	51.944809999999997	49.347529999999999	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	49.347529999999999	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	49.347529999999999	51.944809999999997	105.96740000000011	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	49.347529999999999	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	49.347529999999999	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	108.56464000000011	108.56464000000011	108.56464000000011	108.56464000000011	108.56464000000011	108.56464000000011	111.16186999999999	108.56464000000011	108.56464000000011	108.56464000000011	108.56464000000011	108.56464000000011	108.56464000000011	108.56464000000011	54.022600000000011	54.022600000000011	56.61983	56.61983	111.16186999999999	54.022600000000011	111.16186999999999	54.022600000000011	56.61983	54.022600000000011	54.022600000000011	54.022600000000011	56.61983	56.61983	56.61983	56.61983	56.61983	56.61983	56.61983	56.61983	56.61983	56.61983	56.61983	56.61983	56.61983	54.022600000000011	56.61983	56.61983	51.944809999999997	54.022600000000011	54.022600000000011	108.56464000000011	54.022600000000011	51.944809999999997	54.022600000000011	51.944809999999997	54.022600000000011	105.96740000000011	51.944809999999997	108.56464000000011	51.944809999999997	113.23966000000011	51.944809999999997	111.16186999999999	111.16186999999999	51.944809999999997	54.022600000000011	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	111.16186999999999	51.944809999999997	113.23966000000011	111.16186999999999	51.944809999999997	51.944809999999997	51.944809999999997	54.022600000000011	54.022600000000011	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	51.944809999999997	54.022600000000011	51.944809999999997	108.56464000000011	51.944809999999997	113.23966000000011	51.944809999999997	111.16186999999999	51.944809999999997	108.56464000000011	111.16186999999999	113.23966000000011	111.16186999999999	111.16186999999999	111.16186999999999	111.16186999999999	111.16186999999999	111.16186999999999	111.16186999999999	111.16186999999999	108.56464000000011	108.56464000000011	108.56464000000011	108.56464000000011	108.56464000000011	108.56464000000011	108.56464000000011	111.16186999999999	108.56464000000011	108.56464000000011	108.56464000000011	111.16186999999999	111.16186999999999	108.56464000000011	111.16186999999999	108.56464000000011	51.944809999999997	108.56464000000011	51.944809999999997	51.944809999999997	51.944809999999997	54.022600000000011	111.16186999999999	111.16186999999999	51.944809999999997	54.022600000000011	51.944809999999997	51.944809999999997	54.022600000000011	117.91472000000013	113.23966000000011	115.83689	115.83689	115.83689	117.91472000000013	115.83689	115.83689	115.83689	117.91472000000013	115.83689	58.697620000000001	58.697620000000001	58.697620000000001	58.697620000000001	117.91472000000013	58.697620000000001	58.697620000000001	58.697620000000001	117.91472000000013	56.61983	120.51196000000012	58.697620000000001	58.697620000000001	58.697620000000001	117.91472000000013	117.91472000000013	58.697620000000001	58.697620000000001	58.697620000000001	117.91472000000013	117.91472000000013	120.51196000000012	122.58974000000001	117.91472000000013	61.294850000000011	120.51196000000012	122.58974000000001	117.91472000000013	117.91472000000013	117.91472000000013	120.51196000000012	120.51196000000012	120.51196000000012	120.51196000000012	120.51196000000012	120.51196000000012	117.91472000000013	51.944809999999997	51.944809999999997	49.347529999999999	54.022600000000011	49.347529999999999	51.944809999999997	51.944809999999997	108.56464000000011	54.022600000000011	111.16186999999999	54.022600000000011	54.022600000000011	56.61983	54.022600000000011	54.022600000000011	54.022600000000011	51.944809999999997	54.022600000000011	54.022600000000011	54.022600000000011	54.022600000000011	PV Current[mA]	6	6	6	6	6	6	4	6	6	6	6	6	6	6	273	63	152	307	276	42	85	249	322	303	299	342	293	342	317	260	293	290	320	6	4	4	4	6	6	6	6	6	6	6	4	6	4	6	7	6	6	6	266	210	134	301	276	210	271	53	276	206	250	296	268	254	334	310	263	290	337	237	293	287	240	193	244	6	289	158	101	205	210	266	249	6	6	4	4	6	6	232	142	230	262	100	277	290	210	271	173	261	101	261	233	254	76	6	6	4	4	6	6	6	6	6	199	306	213	221	189	266	174	309	278	305	174	248	328	257	301	303	261	285	305	284	295	273	315	98	294	289	144	147	251	307	276	194	89	259	316	276	249	149	311	261	4	4	6	6	6	6	321	314	333	309	246	276	248	249	249	262	272	262	197	263	292	266	196	237	306	306	317	279	62	96	141	298	168	292	107	218	268	256	309	227	122	282	279	263	256	249	265	257	251	250	249	249	249	249	252	257	263	267	273	278	283	289	306	316	345	312	339	360	361	360	359	349	349	344	312	329	307	278	282	334	343	333	288	290	332	282	190	310	266	183	232	310	281	270	294	255	133	175	101	281	254	256	311	205	316	317	318	318	318	314	314	314	316	312	314	314	311	6	6	6	4	6	6	6	6	6	6	6	6	6	4	6	6	6	6	6	4	6	6	6	6	6	4	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	207	211	216	218	223	227	230	234	238	240	241	240	239	237	234	232	228	221	232	243	250	283	272	260	239	243	248	252	259	265	265	271	235	219	216	218	219	248	260	276	268	263	201	210	213	223	229	249	235	227	222	217	213	248	240	237	235	255	254	244	239	234	234	227	226	215	283	283	281	281	279	278	277	276	274	271	268	267	263	261	259	272	271	263	250	246	256	262	277	278	282	285	287	260	230	226	218	270	208	227	235	243	259	265	271	282	273	268	277	285	240	199	230	229	218	6	6	4	4	6	6	6	6	6	4	6	6	4	6	6	6	4	6	6	4	4	6	207	212	234	260	257	252	226	218	226	230	260	260	259	257	255	252	252	250	249	249	249	249	250	251	254	255	255	256	239	6	6	7	6	6	6	4	4	6	4	6	262	262	265	263	262	239	230	224	206	201	201	6	6	6	4	4	6	6	6	6	6	6	6	6	6	6	6	6	4	6	6	6	6	4	6	6	6	4	6	4	6	6	6	4	6	4	4	6	6	6	6	6	6	4	6	6	6	6	6	4	6	180	184	206	230	226	218	210	200	RX[mA]	25.279999999999987	25.675000000000001	25.675000000000001	25.675000000000001	25.675000000000001	25.675000000000001	25.279999999999987	25.279999999999987	25.279999999999987	25.675000000000001	25.675000000000001	25.675000000000001	25.279999999999987	25.279999999999987	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	25.279999999999987	25.675000000000001	25.675000000000001	25.279999999999987	25.675000000000001	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.675000000000001	25.279999999999987	25.675000000000001	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.675000000000001	25.675000000000001	25.279999999999987	24.49	25.279999999999987	25.675000000000001	24.49	24.885000000000002	24.49	24.49	24.885000000000002	24.49	0	24.49	24.49	24.49	0	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.885000000000002	25.279999999999987	24.49	24.49	24.49	24.49	25.675000000000001	25.279999999999987	25.675000000000001	25.675000000000001	25.675000000000001	25.279999999999987	24.49	0	24.49	24.49	24.49	24.49	24.885000000000002	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	25.675000000000001	25.675000000000001	25.675000000000001	25.675000000000001	25.675000000000001	25.675000000000001	25.675000000000001	25.675000000000001	25.675000000000001	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.885000000000002	24.49	25.279999999999987	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.885000000000002	24.885000000000002	24.49	24.49	24.49	24.49	24.49	24.49	24.49	25.675000000000001	25.675000000000001	25.675000000000001	25.675000000000001	25.675000000000001	25.675000000000001	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	0	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.885000000000002	24.49	24.885000000000002	24.885000000000002	24.885000000000002	24.49	24.49	24.49	24.49	24.49	24.49	24.885000000000002	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.885000000000002	24.49	24.49	24.49	24.885000000000002	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	21.330000000000005	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	25.675000000000001	24.49	24.885000000000002	24.49	24.49	24.885000000000002	24.49	24.49	24.49	24.49	24.49	0	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	25.675000000000001	25.675000000000001	25.675000000000001	25.675000000000001	25.675000000000001	25.675000000000001	25.279999999999987	25.675000000000001	25.675000000000001	25.675000000000001	25.675000000000001	25.675000000000001	25.279999999999987	25.675000000000001	25.279999999999987	25.675000000000001	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	0	25.279999999999987	0	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.885000000000002	24.49	24.49	24.49	24.49	24.49	24.49	24.885000000000002	24.49	24.49	24.49	24.49	24.885000000000002	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.49	24.885000000000002	24.885000000000002	24.49	24.49	24.49	24.49	24.49	24.885000000000002	24.49	24.885000000000002	24.49	24.49	24.885000000000002	24.885000000000002	24.49	24.49	24.885000000000002	24.885000000000002	24.885000000000002	24.885000000000002	25.279999999999987	24.885000000000002	24.885000000000002	25.279999999999987	25.279999999999987	24.885000000000002	24.885000000000002	24.885000000000002	24.885000000000002	24.885000000000002	24.885000000000002	25.279999999999987	25.279999999999987	25.675000000000001	25.279999999999987	25.279999999999987	25.279999999999987	25.675000000000001	25.279999999999987	25.279999999999987	25.675000000000001	25.279999999999987	25.675000000000001	25.279999999999987	25.675000000000001	25.675000000000001	25.675000000000001	25.675000000000001	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	24.885000000000002	24.885000000000002	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.675000000000001	25.675000000000001	26.07	26.07	26.07	26.464999999999989	26.07	26.07	26.07	26.07	26.07	26.07	26.464999999999989	26.07	26.07	26.07	26.07	26.07	26.07	26.07	26.07	26.07	26.07	26.07	25.279999999999987	22.12	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.675000000000001	25.675000000000001	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	0	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	25.279999999999987	26.07	26.07	26.07	26.07	26.464999999999989	26.464999999999989	26.07	26.464999999999989	26.07	26.07	26.07	26.07	26.07	26.464999999999989	26.464999999999989	26.464999999999989	26.464999999999989	26.464999999999989	26.464999999999989	26.464999999999989	26.464999999999989	26.464999999999989	27.650000000000027	27.254999999999999	27.650000000000027	27.254999999999999	27.650000000000027	27.650000000000027	27.254999999999999	27.650000000000027	27.650000000000027	27.254999999999999	27.650000000000027	27.650000000000027	27.650000000000027	27.650000000000027	27.650000000000027	27.650000000000027	27.650000000000027	27.254999999999999	27.254999999999999	28.439999999999987	28.045000000000002	28.045000000000002	28.439999999999987	28.439999999999987	28.045000000000002	28.439999999999987	28.045000000000002	28.045000000000002	28.439999999999987	28.439999999999987	28.439999999999987	28.439999999999987	28.439999999999987	28.439999999999987	28.439999999999987	28.439999999999987	28.045000000000002	0	25.279999999999987	25.279999999999987	25.279999999999987	25.675000000000001	0	25.279999999999987	25.279999999999987	26.464999999999989	26.464999999999989	26.464999999999989	26.86	26.86	26.07	26.07	25.675000000000001	25.675000000000001	25.675000000000001	25.675000000000001	25.675000000000001	25.675000000000001	Internal Temperature (Celsius)
Internal Temperature (º C)	17	17	17	17	17	17	17	17	16	16	17	17	17	16	6	6	6	6	6	6	6	6	6	6	6	7	6	6	7	7	7	7	7	17	17	17	17	17	17	17	16	17	16	16	16	16	16	15	15	15	15	15	7	7	7	7	7	7	7	7	7	7	7	7	7	7	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	17	17	17	17	17	16	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	18	17	17	17	17	17	17	17	17	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	8	7	7	8	8	7	7	8	8	7	7	7	6	19	19	19	19	19	19	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	8	8	8	8	8	8	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	8	8	8	8	7	8	8	8	8	8	8	8	8	8	8	8	8	8	8	9	6	6	6	6	6	6	6	6	7	6	6	6	6	7	6	18	18	18	18	18	18	17	17	17	17	17	17	17	16	16	16	16	16	16	16	16	16	15	15	15	15	15	15	15	15	15	15	15	15	15	15	15	15	14	14	14	14	14	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	8	7	6	6	7	6	7	7	7	7	7	7	7	7	7	6	6	6	6	6	6	6	7	7	7	7	7	7	7	7	7	7	7	7	8	7	7	7	8	8	8	8	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	8	8	8	8	8	8	9	7	6	7	7	7	7	7	7	7	7	7	7	8	8	8	8	9	17	17	17	17	17	17	17	17	17	17	17	16	16	16	16	16	16	16	16	16	13	13	8	8	9	9	9	9	9	9	10	9	7	7	7	7	7	7	7	8	8	8	8	8	8	8	8	8	8	8	9	17	17	17	17	16	15	15	14	14	13	13	7	7	7	7	7	8	8	8	8	8	8	19	19	19	19	18	18	18	18	18	18	17	17	17	17	17	17	16	15	15	19	19	18	18	17	17	17	17	16	16	16	16	16	16	15	15	15	15	17	16	15	15	14	14	14	13	14	13	13	17	15	8	9	9	9	9	10	10	10	Photovoltaic voltage and current
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