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[bookmark: _Hlk140315451]Solar Charge Controller
1. Introduction: This board is made to charge the battery from solar panels, and give the output load.
2. Objective: to safely charge and discharge the battery from the solar panels, and give the load a direct output from solar panel.

3. [image: ]Equipment and Roles:
 (
Figure 
1
: Schematic satellite charge battery
)SOLAR CHARGER:
Diode D1: Polarity protection diodes.
Current Sensor U1, U2: Fully Integrated, Hall Effect-Based Linear Current Sensor IC with 2.1 KVrms Isolation and a Low-Resistance Current Conductor. 
Capacitors C1, C2: Use the capacitive reactance value of a capacitor to determine the actual voltage drop from voltage divider.
Capacitors Cbyp1, Cbyp2: Added to an amplifier circuit in order to allow AC signals to bypass the emitter resistor. 
 Capacitors Cf1, Cf2: Component that temporarily stores electrical energy and then release it.
Resistance R1, R2, R5, R6: Create reference voltages, or to reduce the magnitude of a voltage so it can be measured.
Resistance R3, R7: To reduce the voltage of the collector of transistor.
Resistance R4, R8: To stops the transistor drawing too much current from the IO pin.
Diode D2, D3: Polarity protection diodes against voltage surges.
Heat sink U6, U7: To cool down the circuit elements.
Transistors T1, T2: Switch (low voltage) to allow current to pass to the MOSFET through the order of the controller.
 Transistors Q1, Q2: Switch (high voltage) to allow current to pass to the MOSFET through the order of the T1, T2.
Fuse FH1: Protects a system or equipment from overload and short-circuit faults by cutting off the power to them.
Buck converter (5v/4A & 12v/3A):
Resistance R13, R16: To reduce current flow.
Resistance R14, R15, R17, R18: Create reference voltages, or to reduce the magnitude of a voltage so it can be measured.
LED L5v, L12v: Light emitting diodes to know we have 5V and 12V.
Capacitors C3, C8: To filter high frequency noise of (+5V/+12V).
Capacitors C4, C9: To filter low frequency noise of (+5V/+12V).
Capacitors C5, C12: to filter Vc from Vin.
Capacitors C6, C10: To filter low frequency noise of (+5V/+12V).
Capacitors C7, C11: To filter high frequency noise of (+5V/+12V).
Diode D4, D5: To dispose of the energy stored in the inductor when buck converter stops working.
Voltage regulators U3, U4: to reduce the voltage.
Inductor L1, L2: to limit power loss to heat and while minimizing current ripple.

Controller:
Controller STM32F: Control the input/output. To read output of the current Sensors, and Control the charging and discharging of the battery.
Resistance R9, R10, R11, R12: Create reference voltages, or to reduce the magnitude of a voltage so it can be measured.

Power Distribution:
Port U3: Input/Output port of the charge control unit.
Port USB1: 5V/3A output port.
 (
Table 
1
: 
equipment’s
 
specifications
.
)Header Auto Manual:
[image: ]Port J1: Jumper Auto/Manual between controller order or +5V direct.
· The equations used for the solar charger:
· .(eq.1)
This equation to decrease V solar from 24V to 3.3V for input of controller. 
· . (eq.2)
This equation to decrease V battery from 12V to 3.3V for input of controller.
· The equations used for the controller:
· . (eq.3)
This equation to decrease A3 from 5V to 2.5V for input of controller
· . (eq.4)
This equation to decrease A2 from 5V to 2.5V for input of controller

· The equation used for the buck converter 5V/4A:
· . (eq.5)
This equation given from the datasheet of buck convertor.
· The equation used for the buck converter 12V/3A:
· . (eq.6)
This equation given from the datasheet of buck convertor.
4. PCB Layout:
[image: ]
Figure 2: PCB satellite charge battery





 (
Figure 
3
:PCB satellite charge battery-Top Layer
) (
Figure 
4
: PCB satellite charge battery
-Top Layer
)
[image: ][image: ]Figure 43: PCB satellite charge battery-Bottom Layer
Figure 54:PCB satellite charge battery-Top/Bottom Layer(3D)
· The power wires have width of 1.7mm and all the other wires have width of 0.3mm, based on the equation: . (eq.7)

· I: Maximum current in A.
· K: 0.024 for internal traces or 0.048 for external traces.
· : Temperature rise above ambient in .
· W: Width in mils.
· H: Height in mils.
· The Pads To facilitate the installation of the board.
· The copper layer acts as a GND for the board elements, to easily connect GND.
5. Principles of operation:
· In solar energy systems, we have 3 types of Power supplying: On-grid, Off-grid and hybrid.
· On-grid: Transfer power from solar panels to load only.
· Off-grid: Transfer power from solar panels to battery only, and from battery to load.
· Hybrid: Transfer power from solar panels to battery and load, and from battery to load in the absence of solar power.
· We have 2 types of charge controller systems: MPPT or PWM.
· MPPT: Maximum power point tracking controller.
· PWM: Pulse width modulation controller.
· The hybrid solar energy system was chosen, because during the peak of solar energy supplying the load We takes the extracted power from the solar panels directly, and stops the work of the batteries while charging it., thus Thus preserving the life span of the batteries. 
· The PWM controller was chosen as well, because the PWM controller is the cheaper, the simpler and the smaller choice for the charge control unit. (Efficiency is not the biggest priority of CubeSAT).   
· A current sensor U1/U2 is used to read the current and give it to the controller, so it can be used to decide the duty-cycle for the transistor T1/T2. If T1/T2‘s base has sufficient voltage from controller, it gives a signal to open the gate of transistor Q1/Q2. This allows the current to flow from the solar panel to the battery/load.
· A voltage sensor A0 /A1 is a voltage divider circuit, that can detect the voltage by stepping down it across two resisters in series, and feeding it to the controller in which it will use (eq.1)/(eq.2) to calculate the voltage.
·  The buck converter 5V-4A/12V-3A steps down the voltage from 24V/1A to 5V-4A/12V-3A. U4/U5 is responsible for this process while the capacitors are for filtering the noises of the input. Second part the inductor to stabilize the current and capacitors to stabilize the voltage from circuit by the diode that will prevent an open circuit when the load in removed. Third part, the voltage divider to provide a feed back to the buck convertor if the voltage is 5V/12V. Finally, the LED L5v /L12V to indicate the presence of 5V/12V.
· Port U3 has Sol+ input port from solar panels, B+ input/output port for battery, +5V and +12V output ports to give two size output voltage for CubeSAT. 
· Port USB1 is a 5V power supply to charge smart devices.
· Port J1 is to test the effectiveness of the solar charger and the buck converter 5V manually without the use of the Controller.
6. Software:     
·  Programed the STM32F by C language program to read the inputs and give the order to outputs.


·  (
B1=1
)Flowchart:
· 
· 
·  (
NO
)
 (
Figure 
6
: Flowchart
)[image: ]
B0: gate of STM32F connected to MOSFET charger.
B1: gate of STM32F connected to MOSFET load.
V-sol: Voltage sensor connect to STM32F by A0 gate.
V-bat: Voltage sensor connect to STM32F by A1 gate.
I-sol: Current sensor connect to STM32F by A3 gate.
I-load: Current sensor connect to STM32F by A2 gate.
0X10: gate of Raspberry.
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ID Name Designator Footprint Quantity Manufacturer Part Manufacturer Supplier Supplier Part Price

1 STM32F103C8T6_BLUE_PILL A1 STM32F103C8T6-BLUEPILL 1 STM STM32F103C8T6

2 0.1u C1,C2,C_BYP1,C_BYP2 C0603 4

3 220uF C3,C8 CAP-SMD_BD6.3-L6.6-W6.6-RD 2 RVT1E221M0607 HONOR(

荣誉

) LCSC C696188 0.04

4 1uF C4,C9 C0603 2 0603B105K250NT FH(

风华

) LCSC C59302 0.003

5 1uF C5,C6,C10,C12 C0603 4 CL10A105KB8NNNC SAMSUNG(

三星

) LCSC C15849 0.006

6 100uF C7,C11 CAP-SMD_BD8.0-L8.3-W8.3-FD 2 UWT1H101MNL1GS Nichicon(

尼吉康

) LCSC C445063 0.181

7 1n C_F1,C_F2 C0603 2

8 P6KE36CA D1 C1206 1 P6KE36CA RUILON(

瑞隆源

) LCSC C8984 0.061

9 B540CQ-13-F D2,D3,D4,D5 SMC_L6.9-W5.9-LS7.9-RD 4 B540CQ-13-F DIODES(

美台

) LCSC C105556 0.303

10 65800001009 FH1 65800001009 1 65800001009 Littelfuse(

美国力特

) LCSC C122783 2.248

11 HDR-M-2.54_2x3 J1 HDR-M-2.54_2X3 1 LCSC C65114 0.031

12 47uH/4A L1,L2 IND-SMD_L11.0-W10.0 2 MDA1050-470M KOHERelec(

科或

) LCSC C2847567 0.924

13 LED-0603_R L_5V,L_12V LED0603_RED 2 19-217/R6C-AL1M2VY/3T EVERLIGHT(

台湾

亿光

) LCSC C72044 0.016

14 IRF4905PBF Q1,Q2 TO-220-3_L10.0-W4.5-P2.54-T 2 IRF4905PBF Infineon(

英

飞凌

) LCSC C2564 0.915

15 300k R1 R0805 1 LCSC

16 20k R2,R6 R0805 2

17 10k R3,R7,R9,R10,R11,R12 R0805 6

18 1k R4,R8 R0805 2

19 300k R5 R0805 1

20 1k R13,R16 R0603 2

21 10k R14 R0603 1

22 3.3k R15 R0603 1

23 13k R17 R0603 1

24 1.5k R18 R0603 1

25 2N3904_C2874602 T1,T2 TO-92-3_L4.6-W3.6-P1.30-L_2N3904 2 2N3904 JSMSEMI(

杰盛微

) LCSC C2874602 0.013

26 ACS712ELCTR-20A-T U1,U2 SOIC-8_L4.9-W3.9-P1.27-LS6.0-BL 2 ACS712ELCTR-20A-T ALLEGRO(

美国埃戈

罗

) LCSC C10681 1.653

27 HB9500-9.5-8P U3 CONN-TH_HB9500-9.5-8P 1 HB9500-9.5-8P KANGNEX(

康奈克斯

电气

) LCSC C601234 0.327

28 XL4013E1 U4,U5 TO-252-5_L6.6-W5.8-P1.27-TL 2 XL4013E1 XLSEMI(

芯

龙

) LCSC C73333 0.56

2915*10.5*21H

型散

热块（黑色）

U6,U7 HEATSINK-TH_L15.5-W10.5-XSD1226-005 2 15*10.5*21H

型散

热块（黑色）

XSD(

鑫

顺达

) LCSC C116600 0.088

30 U-A-24DD-Y-14 USB1 USB-A-TH_U-A-24DD-Y-14 1 U-A-24DD-Y-14

韩国韩荣

LCSC C2689985 0.11


