
WORKROOMS Journal Nº6 – July 2018 

 

WR-2018-02-pag. 1 

 

Bar terrace powered with solar energy 

 

Yague-Saldaña, Luis (ORCID: 0000-0001-7941-3606); Riego-Barcia, Javier (ORCID: 0000-0003-2477-

9322) 

 

The proposed system in the current article is a bar terrace powered with solar energy. The system will 

consist on several phone chargers (16 in total although this characteristic wouldn’t have many problems 

to be increased). Besides, the system will count with ambiently illumination, so the terrace can be used all 

day long without regard of what time it is. In addition, as wind conditions could endanger the installation, 

two little electrical engines have been installed.  

Index terms: phone charger, solar energy, solar panel, led illumination, sustainable development 

(*) All authors from University of Oviedo. Electronic engineering degree. GIJON-ASTURIAS-SPAIN                                          

Author’s emails: Yagüe Saldaña, Luis (UO253075@uniovi.es); Riego Barcia, Javier 

(UO237209@uniovi.es).  

 

I. INTRODUCTION 

Nowadays, we all have a strong relationship with our electronic devices (mobile phones, laptops and most 

recently smartwatches), so much so many people are starting to have a real addiction to this technology. 

As most of us must spend almost all day out home either because work, university etc. the requirement of 

portable electronic devices gets essential. So here is where the problem begins, all these gadgets need 

batteries to work, and normally these items don’t last for much time. 

The proposal of this work is a terrace for a bar where you can recharge all your devices while you can 

enjoy a drink having a conversation with your mates. The system will provide a set of phone chargers 

installed in several tables, so you will be able to recharge your device will you sit and relax in this space.  

Obviously, the design is not only for a bar purpose, it could be placed almost wherever we want, a rest 

space for an office, a university campus etc.  The installation will all be powered by the solar energy the 
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system will get from a group of solar panels placed at the roof of terrace. Moreover, this system will be 

useful at any hour of the day due to the led illumination we have designed.  

Furthermore, as we must be concerned with our planet’s sustainability, the installation will be able to 

power the bar, office etc when the power requirement from the terrace’s different modules is low enough. 

In addition, all tables will have both micro-USB and USB-type C connections to secure maximum 

compatibility with almost every mobile phone available nowadays. 

II. ELECTRICAL INSTALLATION 

The system will consist on several power modules interconnected through a 48V bus. First, power will be 

extracted thanks to various groups of solar panels connected in series. All those panels will be connected 

to this bus by a power circuit whose role will be to extract the maximum power in every moment. 

Secondly, as it’s possible that weather conditions don’t be as favourable as necessary every day of the 

year, it’s necessary to provide the system with a couple of 24V,100Ah batteries so the system can keep 

working in rainy days. Finally, the system will use standard phone chargers (5V 1.2A), two 211 W 

engines and several led stripes for illumination. All these modules involve a daily power consumption of 

2.441 kWh (see annex with all calculations). 

 

Figure 1: Installation module schematic. 
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On the other hand, the input power must also be calculated. All calculations have been made using data 

obtained using the PVGIS free software tool. As the terrace has two roofs, one of them has been oriented 

on south direction, since this is the optimum orientation where more power can be extracted from de 

panels. This is the reason why 9 panels (3 groups of 3 panels connected in series) have been installed in 

southern roof while only 6 panels have been installed on northern roof. Altogether, with best weather 

conditions the system can produce 7.06 kWh/day while at its worst, the system would only provide 2.77 

kWh/day.  

III. CIRCUIT DESIGN. HALF BRIDGE COINVERTER 

As It was already commented, the system needs a circuit whose mission is to get the maximum power 

from the solar panels. The installation has been designed using 150W panels, connecting three of these 

panels in series to obtain the equivalent panel shown in figure 2. 

 

Figure 2: I-V curves for the equivalent panel 

 

Figure 3: Half bridge converter 
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The MPPT (maximum power point) is located around 60V and 8.33A, this is the point where the circuit 

must work so it’s needed to build a system that can follow this point, the answer is a half bridge 

converter: 

There are three well differenced parts, the transistors leg (that’s where the control will be implemented, 

the transformer (to boost the panel voltage) and the full wave rectifier. In addition, we can see an 

inductance and a capacitor on the output of the circuit, these elements are used to stabilize the output 

current and voltage respectively on the bus(48±5V). 

As I’ve said the control will be implement at the transistors through their duty (the time they are 

conducting). The half bridge converter works following the next sequence: 

 

Figure 4: Half bridge converter's commutation sequence 

 

Figure 5: Significant voltages on the circuit 

DEAD TIMES 
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Each time one of the transistors commutes, it puts a positive or negative voltage on the primary, this 

voltage is raised on a ratio that is determined by the transformation relation of the transformer. However, 

the voltage on the secondary of the transformer has positive and negative values. As we want this voltage 

to be always positive, we put a full wave rectifier.  

On the previous image we can find the voltages through the primary and secondary of the transformer 

followed by the voltage after the full wave rectifier. As we can see the voltages on the transformer are 

equal, the only difference is that secondary voltage is bigger than the one on the primary. Next, we can 

observe that the rectifier makes the negative values of the voltage positive on the output. 

 

Figure 6: Final circuit 

After some calculations the final circuit in figure 6 was obtained. A microcontroller was used to control 

the switches (MOSFET transistors) , this control could have been designed using lots of microcontroller 

brands, as we’ve been using Microchip micros on other subjects it was decided to use a dsPIC 

(Microchip) but insist, this is feature is opened to any variations the developer considers appropriate. 

IV. CONTROL ALGORITHM  

The control was implemented using a state chart with 4 different states: 

 State 0: The circuit waits for the input capacitor to get charged. This is done because the open-

circuit voltage needs to be measured so the MPPT voltage can be calculated. Duty is forced to 0. 

 State 1: Duty is calculated using the next formula:  

                                𝑑𝑢𝑡𝑦 = 2 𝑥
𝑉𝐵𝑈𝑆

(
𝑁2

𝑁1
) 𝑥 𝑉𝑀𝑃𝑃𝑇

      

As: 
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𝑉𝑀𝑃𝑃𝑇 = 0.8 𝑥 𝑉𝑂𝑃𝐸𝑁−𝐶𝐼𝑅𝐶𝑈𝐼𝑇 

 

 State 2: steady state, the circuit stays in this state until the bus voltage changes (return to state 

1), a problem on the bus has occurred (over voltage or low voltage(short-circuit) go to state 3) or 

the open-circuit voltage needs to be measured again to check if ambient conditions have 

changed. 

 State 3: the panel is disconnected form the circuit (duty = 0) until the bus’s conditions get 

normal again. 

To get the duty signal a 50 kHz signal was compared with two levels which depend on the duty: 

 

                                                        Figure 7: Switching strategy for MOS transistors 

As duty change, those levels used to compare with triangular signal will change too so the time the signal 

is higher or lower than those levels will get bigger or smaller, so that the duty cycle. 

V. PSIM SIMULATION RESULTS 

The main purpose for the control is to get the maximum power from the panel in every moment so the 

first question would be if that mission is being accomplished.  

The circuit works correctly, as we can see, the power that is obtained (blue) is almost as high as the 

maximum power that is possible to get from the panel. It’s important to point that the circuit works well 

no depending on the weather conditions. At second 1, an aggravation of the weather conditions has been 

simulated (temperature increase and lighting decrease), this means that the maximum power the panel can 

supply changes. As I’ve not considered necessary to monitor the weather conditions because that would 

make the system to be more complex and more expensive, the system stops every second to start all the 

process again, the open-circuit voltage is measured again (it will change as weather conditions change) 
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and the duty cycle is calculated. This 1 second time has only been used to simulate the circuit just to get 

the simulation faster but obviously, in real life weather conditions are not going to suffer huge variations 

in just one second so this time could be increased to several minutes. 

 

Figure 8: Maximum power vs real obtained power 

 

Figure 9: Alarm conditions simulated on the circuit. 

Moreover, it’s necessary to check if the protection system works well too. 

Fortunately, the system works correctly. First, an over voltage condition has been simulated, as we can 

see, at the moment the system detects that increasing on bus voltage the panel is disconnected (duty=0, 

the power gets annulated too). The same thing happens as the system detects the low voltage condition, in 

this case a short circuit (bus voltage=0). At 1.4 seconds approximately, there’s a 1V increasing in bus 
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voltage, as this increasing is lower than the 5V tolerance on the bus, the system just gets back to state 1 to 

recalculate the duty cycle. 

VI. COMPONENT SELECTION 

All components have been elected according to the results obtained from the simulations on PSIM 

software: 

 Transistors: Model IRFR3518PBF from Infineon manufacturer. Heatsink needs to be used as 

result from the high power these two components have to support. The model for the heatsink 

would be a K5 with a 70mm length. 

 Diodes: 4 of these components will be needed to build the full wave rectifier. The model would 

be MBRF10100 from HY Electronic Group. Again, a heatsink will be needed, in this case a K3 

with 120mm length. 

 Inductance: 11mh inductance for a 7.5A current. The core will be an E65/32/27 with a N27 

magnetic material, 711 turns will be needed. 

 Transformer: Ferroxcube E30 core with a 3C90 material from the same manufacturer. On the 

primary the transformer will have 4 turns while in the secondary it will have 28. 

 Drivers: As I’ve mentioned before, the control will be implemented using a dsPIC 

microcontroller(dsPIC30F3014). However, as one of the transistors is not connected to ground, 

an additional driver needs to be used, in this case an IR2101. 

 

Figure 10: MCU interface 
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VII. BLDC MOTOR DRIVER 

 

Figure 11: Simulated circuit detail. 

In order to automate the opening and closing of the roof, the following power circuit has been 

implemented with PSIM: 

The circuit consists of three main parts: 

 The BLDC motor with the Hall effect sensors, which will give us information about the stator 

position every 60º. 

 This information will be processed by the microcontroller system, which will control the 

MOSFET opening and closing. 

 The three-phase inverter, which will feed the motor and alternate the current flow through the 

stator windings for correct rotation. The inverter will collect power from a 48-volt DC bus. 
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VIII. BLDC MOTOR SPECIFICATION 

 

Figure 12: Motor Technical data 

 

Figure 13: BLDC motor details. 

The “K60BL30 Kinavo” motor has been selected for this application and its characteristics has been 

included in this paper. 
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A "6-STEP" control has been carried out, consisting of providing the motor coils with energy, in 

accordance with the information received from the Hall effect probes or sensors included in the stator, by  

means of a microcontroller system. 

 

Figure 14: Hall sensors 

As it was mentioned before, these sensors give us information on the position of the rotor every 60º (we 

have three sensors, one for each branch) by means of digital signals in the form of pulses. It is important 

to know that when programming this diagram, the excitation sequence will differ a little from the one 

shown in the following figure (real excitation sequence) and that to reverse the rotation it is enough to 

make negative the value of the data provided by the Hall Effect probes. The optimum speed in this case is 

9900 rpm. 

The PWM signal shown in next figure has been generated in order to limit the input voltage to the motor 

and thus its speed. 

 

Figure 15: PWM generation 
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For the calculated speed, the motor must be supplied with 33 volts (duty = 0.6875) 

This PWM signal will be used to open and close the MOSFET of the branch connected to the bus, in 

order to achieve voltage limitation. 

IX. THREE-PHASE INVERTER 

A three-phase inverter has been designed as a power driver for the motor, consisting of a three-phase 

system with two MOSFET semiconductors (control elements) per each branch; one in the high side (TxH) 

and the other for the lower side (TxL). 

Having the ability to produce variable voltage and frequency output is a good solution for control. It 

basically consists of a series of semiconductors that work in cutting and saturation alternately and 

balanced, giving its output three symmetrical voltages. The control of this switching off and on of the 

semiconductors is generated by digital signals through small drivers. 

 

Figure 16: Power Mosfet 

At any time, one of the branches will be connected to ground (GND), another will be connected to PWM 

and the other will be disconnected (NC). In this way, the alternating current is passed through the 

windings, thus making the motor rotate. 

After the simulation I have verified that the maximum current that each semiconductor will support is 

23,4 amps, so I have chosen the MOSFET: BUZ103S from Siemens. The features of the selected 

MOSFET are shown in the figure above. 
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X. BLDC MOTOR WORKING SIMULATION PARAMETERS 

The results have been obtained from simulations of two seconds duration and a sampling time of 1μs 

The simulation consists of opening and closing the awning. For this purpose, the PSIM tool "Piecewaise 

Linear Voltage Source" (LR), which allows the generation of signals of different values at the desired 

instant, has been used to simulate the control command for opening and retrieving the awning by 

generating two signals of different levels. In addition, two limit switches have been simulated with two 

"Step" (“Abierto” and “Cerrado”) to obtain more realistic results.  

The following steps are followed during simulation: 

 STEP 1: INITIAL REST STATE 

o Start: with simulation 

o End: LR == 1 

 STEP 2: START OF OPENING (SOFT START) 

o Start: LR == 1 

o End: t = Trise = 0,2 s 

 STEP 3: OPENING (STEADY STATE) 

o Start: t = Trise = 0,2 s 

o End: Abierto == 1 

 STEP 4: END OF OPENING AND RETURN TO REST STATE 

o Start: Abierto == 1 

o End: LR == 2 

 STEP 5: START OF CLOSING (SOFT START) 

o Start: LR == 2 

o End: t = Trise = 0,2 s 

 STEP 6: CLOSING (STEADY STATE) 

o Start: t = Trise = 0,2 s 

o End: Cerrado == 1 

 STEP 7: END OF OPENING AND RETURN TO REST STATE 

o Start: Cerrado == 1 

o End: with simulation 
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Figure 17: State machine. 

The state machine implemented for the simulation is as follows: 

 STATE 0: SYSTEM AT REST (ENGINE OFF) 

 STATE 1: OPENING (SOFT START) 

 STATE 2: OPENING (STEADY STATE) 

 STATE 3: CLOSING (SOFT START) 

 STATE 4: CLOSING (STEADY STATE) 

The following diagram represents the evolution of the states throughout the simulation: 

 

Figure 18: State evolution detail. 
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XI. BLDC MOTOR WORKING SIMULATION RESULTS 

 

Figure 19: Duty Cycle evolution detail. 

Next, the evolution of the duty during the simulation (rest state, soft start and steady state) can be 

observed, as well as the effect that soft start has on the motor speed and the bus current. 

 

Figure 20: Motor rpm evolution detail. 

 

Figure 21: DC Bus current evolution detail. 
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As we can see, despite the progressive rise in the duty, the soft start does not completely eliminate the 

voltage peak, but it greatly reduces it, compared to the current that would be obtained if it were not 

implemented, going from 132 A to 8.65 A. 

The following graphs represent the behaviour of the motor phase voltages and currents once the steady 

state is reached. Due to the curling of the current it is not easy to see that we have three symmetrical and 

balanced signals offset from each other by 120º, as well as in the voltages. 

XII. ANNEX 

Calculations used to simulate the circuit: 

1. Inductance: first, the average output current is calculated. Next setting a 30% for this current 

variation, the inductance is calculated using the transformation ratio (d=0.5 is set too). 

 

𝐼𝑜 =
𝑃

𝑉
=

450

48
= 9.375𝐴 

𝐹𝑐 = 50𝐾𝐻𝑧 

∆𝐼𝐿 = 0.3 𝑥 9.375 = 2.81𝐴 

∆𝐼𝐿 =

𝑉𝑝
2

𝑥
𝑁2
𝑁1

− 𝑈0 

𝐿
 𝑥 𝐷 𝑥

𝑇

2
 

𝑈0 =
𝑉𝑝

2
𝑥

𝑁2

𝑁1
 𝑥 𝐷 

48 =
54.3

2
𝑥

𝑁2

𝑁1
𝑥 0.5 →

𝑁2

𝑁1
= 3.53 ≈ 4 

2.81 =

54.3
2

𝑥 4 − 48

𝐿
 𝑥 0.5 𝑥

1
50𝐾

2
 

𝐿 = 10.78 ≈ 11𝑚𝐻 

 

2. Capacitor: an 1% variation for output voltage is held: 

𝐶 =
∆𝐼𝐿 𝑥 𝑇

16 𝑥 ∆𝑉𝐶
=

2.81 𝑥
1

50𝐾
16 𝑥 0.01 𝑥48

= 7.31 ≈ 10µ𝐹  

 

3. Minimum engine power required: taking into account the weight to move, and assuming that 

the opening and closing will be done in 60 seconds each, and that the travel will be about 5 
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meters, through approximate calculations, we will get the minimum power needed from the 

engine, which will be: 

9 𝑝𝑎𝑛𝑒𝑙𝑠 ×  12 
𝑘𝑔

𝑝𝑎𝑛𝑒𝑙
 +  10 

𝑘𝑔

𝑟𝑜𝑜𝑓
 = 118 𝑘𝑔 

𝐹 = 𝑚 ×  𝑔 = 118 𝑘𝑔 ×  9,8 
𝑚

𝑠2 =  1156,4 𝑁 

𝑊 = 𝐹 ×  𝑑 = 1156,4 𝑁 ×  5 𝑚 = 5782 𝑁𝑚 

𝑃 =  
𝑊

𝑡
=  

5782 𝑁𝑚

60 𝑠
=  96,37 𝑊 ≈ 97 𝑊 

 

4. PWM signal generation: first we calculate the linear velocity, and with this the angular velocity 

at which the roof will move.  

𝑣 =  
𝑒

𝑡
=  

5 𝑚

60 𝑠
=  0,083 𝑚

𝑠⁄  

𝜔 =
𝑣

𝑅
=  

0,083 𝑚
𝑠⁄

0,04 𝑚
= 2,075 𝑟𝑎𝑑

𝑠⁄  × 
1 𝑟𝑒𝑣

2𝜋 𝑟𝑎𝑑
 ×  

60 𝑠

1 𝑚𝑖𝑛
= 19,81 𝑟𝑝𝑚 

A gearbox is added to the motor output. 

𝜔2 =  𝜔1  ×  500 = 19,81 𝑟𝑝𝑚 ×  500 ≈ 9900 𝑟𝑝𝑚 

Then, we calculate the supply voltage required for the calculated speed (33 V). In this way we can 

calculate the duty required to generate the PWM signal. 

𝑑𝑢𝑡𝑦 =  
𝑉𝑛𝑒𝑐𝑐𝑒𝑠𝑎𝑟𝑦

𝑉𝐵𝑈𝑆
=  

33 𝑉

48 𝑉
= 0,6875 
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