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Introduction

m Sponsored by Open Technology Institute (OTI).

m Need a way to charge devices in developing countries where
there is poor access to stable power.

m Primarily will be used to charge wireless routers to facilitate
the development of communication networks in countries.

af) DPEN TECHNOLOGY INSTITUTE

-_:' Supporting open architectures and open source innovations.
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: m References
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= Lead Acid Charger

m Lithium Ion Charger

m Testing
m Power Outputs

m Lead Acid Charger Voltage and
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Objectives

m To provide a robust and stable battery charger and backup
design.

m Product must also utilize natural solar power for charging,
and outlet power.

m It will also be composed to commonly available parts,
available almost everywhere.

m The circuit must also charge two types, lead acid and lithium
ion batteries.
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State of Charge Eﬂuﬁmuﬂ
Battery Information [t 1270-
73% 12.40
sor% 1220
25% 12.00
0% 11.80

m Lead Acid Batteries charge state can be

determined by the voltage level of the battery.

m The charge current is ideally around 20% of the

battery capacity or lower.

m When full lead acid batteries must have a float

charge.

m Lead acid batteries also have a danger of

overcharging.

m Lithium Ion Batteries are very sensitive to current,
thus must be charged through a dedicated IC.
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Joon the top table shows the approximate voltage levels for a state of charge. We also determined the current that would be required through the 20 percent of the charge capacity. We also have to float the battery to retain the charge over time. There is also the problem of gassing, where the voltage across the battery cells is too high, which causes permanent damage. The only exception to the rules above is the lithium ion battery, which is very sensitive to current and voltage applied. Thus they must be charged through a dedicated IC. 
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Original Design

m Two power inputs, wall and solar.
m The Lead Acid Charger will be powered by both.

m The Lithium Ion Charger will only be powered by
the wall.

m The Lead Acid Charger will be purposed to charge
30 — 100Ah batteries in dual configurations.

m The Lithium Ion Charger will charge multiple
batteries in series ideally 6 to 7.
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Solar Boost Converter
Requirements and Verification

System Requirements and Verifications

(01T {1 IR IET R S B LA A Utilize a multi-meter to
DO /11 BT LT T TR Y Ll measure both current and
under load of 4A. voltage of the output under
load.
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Joon – I mostly worked on the following two modules, the boost converter for our solar panel input, and the wall outlet power. The first module is a boost converter to take the input voltage of 12 V of most common solar panels, and then boost it to the voltages required for the lead acid battery. We would then verify this requirement through a multimeter to measure both current and voltage.


Solar Boost Converter Design
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Solar Boost Converter Parameter
Calculations

m Must output 4A at 35V ,
|8 Vier = 1.220V
m Calculate R«;; and R R7
SH St Vout = V?“t‘.f(l + —)
R6
120.5
Vour = 1.229(1 + = ) =35V
150
Liotal = — 4.28A
total 35
3!['“
Do = —2 —0.284

total

Iout — Itotm! — Iﬂosses = 4A
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Here are some calculations we used to determine some of our boost converter parameters. We assumed the use of a 150W solar panel, which then meant an output of 4.28A at 35V. The resistors r6 and r7 were then chosen to minimize current while keeping with the chips restraints. We eventually wanted 4A of current, as this would be designed for larger capacity batteries. Joon


Wall Power Requirements and
Verification

System Requirements and Verifications

(0 T3 I LA (ol 1.00T. ). 81, 1-Y Verify through a voltage
transformer probe.

After rectified and Measure output voltage
LT G U SR T through an oscilloscope.
least 35V DC, with a 2.3V

peak to peak
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This is the RV table for the main outlet power. It is simply a transformer, then rectified then smoothed with a capacitor. Again many of these requirements can be easily measured with a voltage probe or an oscilloscope. 


Wall Power Calculations

Iioad
f*xRxC

Vv'.r‘ippﬂe —

G
PPl T 900 % 5.83 % 2200 % 10— 6

= 2.33V
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Here are some example calculations we used to determine our voltage ripple. Although this circuit is made to be robust, thus a small ripple will not be too much of a concern. However still wanted a factor of safety, along with the fact that the LiIon charger may be more sensitive. Thus we settled on a large 2200 microfarad capacitor to minimize ripple. 


B
==
24V Lead-Acid Design

System Requirements and Verifications

(03 Ve (VAN DR D W BV T R S AR G L -0 Input power is simulated using a DC Voltage

battery module while voltage across the source. Charging current is monitored using

battery terminals is below 28.8V and ammeter on the positive lead of an
uncharged battery

Output current drops to less than 0.3A Input power is simulated using a DC Voltage

079 (e (4 W 0] (Wi b -Vl B {3l LY VoS5 b 1B source. Charging current is monitored using an

voltage above 28.8V ammeter on the positive lead of a charged
battery

Battery terminal voltage will never Voltage will be monitored during full battery

exceeded 30V to prevent gassing. conditions wile charging for 10 hours

Charging current will never exceed 3A Monitor using ammeter during charging
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4V Charge Controller
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24V Calculations and Parts

Ieharging = Capacity/5
Ve = Viattery/Number of Cells
Vigy = Ve 12
Veell = 2.033V

Vagy = 2.033W*12 = 24,4V

Tmin = 30AH/64A = 5 Hours

Tmax = 100/6A = 16.67 Hours

charge 12-V battery 24-V bank
100% 12.73 25.46
90% 12.62 25.24

30% 11.81 23.62
20% 11.66 23.32

Parts Costs

Part Retail Cost ($) Actual Cost (5)
Diode 50.15 0.60
IC-LM138 57.87 Free
2000uF Capacitor 51.29 2.58
BC547C 50.04 0.04
10012 Resistor 50.02 Free
0.102 5W Resistor 50.48 Free
2202 Resistor 50.04 Free
10K Potentiometer 51.45 1.45
Power Diode 50.94 Free
8A Fuse 51.14 1.14
Total 513.42 5.81




24V Lead-Acid Simulations

Constant charging current of close to 6A for a
30Ah battery

Charging
Current

Battery Voltage

Boost Voltage of 28.8V
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Simulations were done with a 30Ah battery.


==
24V Build and Functional Testing

m Empty Battery Test

m Original Battery Voltage -
23.8V corresponding to 40%
full

m 1.25A-0s
m .870A-1m
m .860A -2m
m .868A -3m
m 873A-4m
m .84]A-5m

m Final Stabilized Battery
Voltage — 24.2V




==
24V Build and Functional Testing

m Full Battery Test

m Original Battery Voltage -
25.4V corresponding to 95%
full

m .240A -0s
m .163A-1m
m .146A -2m
m .116A-3m
m .106A -4m
m 99mA - 5m

m Final Stabilized Battery
Voltage — 25.45V




Li-Ion Design

m Sponsor’s Requirement
Battery Voltage between 12 - 24V

Battery Capacity between 1200mAh — 6600mAh

m Safety Concerns

m Desired charging voltage and current
3.7*5=18.5V
0.5C=3A
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Preliminary Li-Ion Charge
Controller

m TI Charging Chip

m Support Features include:
= High voltage

m 0.5% Voltage and 3% Current Regulation Accuracy

m Safety Protection :
m Battery Overvoltage Protection
m Battery Detection
m Safety Timer

m Battery Short Protection



Li-Ion Build and Functional Testing

m Bread Board and PCB

m Testing : Without a battery




Final Circuitry
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Joon. This is an overview of all the hardware built for this project. As you can see the lead acid and the wall power modules together in the top left. The top right is our boost converter, and the bottom is our lithium ion charger. 


Successes

mLead-Acid charger can be powered in
multiple ways.

mLead-Acid charging current is regulated by
voltage.

m Charging current drops to .25A for fully
charged batteries.

m Applying the correct voltage through the
Lithium Ion Charger
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Joon – this page lists our accomplishments, mainly we managed to provide a product that would charge lead acid batteries with a power supply, which would correctly regulate the total current through the battery. We also managed to get the lithium ion charger working in the prototype stage, however had some setbacks in production.


+
Challenges

m Overheating and burnt out TP5S53340 and
LM138K

m Charging Voltage Adjustment
mPrecision Resistors

mSmaller Capacity Batteries
mBoost Converter Parameters

mLithium Ion Chip Parameters
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Joon – on the other slide, here we list our challenges from attempting this project. As with all high voltage and current projects, there is a chance chips can overheat. Our boost converter chip, the TPS53340, still had approximately 150W running through the chip to boost the voltage. Our LM138K also seems to fail the most due to the heat and current, but more due to use and inefficient cooling. Our charger was also very sensitive to input voltage through the regulator, which then eventually had to be controlled by a potentiometer. Parts of our initial calculations circuit originally called for 0.1 Ohm resistors for larger capacity batteries, which was again difficult. 


Failed Verifications + Reasons

m Boost Converter
m Parameter selection for the TPS55340 Chip

m 24V Lead Acid Battery
m LM138K Failure
m Power Losses

m Lithium Ion Battery

m Difficulty in charging and testing Lithium Ion
Batteries
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For the boost converter, we had to replace it 3 times, 1 and 2nd time on parameter selection. 3rd time on power pad
For the 24V lead acid battery we should have added a heat sink, circuit also loses a lot of current compared to simulations (2.2A peak vrs 1.2A)
Difficult to acquire the 3.7V li ion batteries the chip and sponser required. - Joon


Future Work/Recommendations

m A kill switch for the main power supply.

m A “smart” power switch for measuring and
automatic switching

m Protective circuitry elements for voltage regulator
m Overheating considerations

m Potential multiple battery applications
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The power switch can be used to display the current voltage and power, similar to a multimeter, and also automatically switch between two different power inputs.  -Jordan


Future Work/Recommendations for

the Lead Acid Charger

R2
VauTt = Vaer (1 + H—I) + lapyR2.

LM138

Vin

m
TNaDaz

Vin

/

Symbol Parameter Conditions LM138 Units
Min Typ Max
Veer Ralsrmnce Volage f;’ :A”;”Iw‘r'ﬂif ;*E:"éﬂw 119 | 124 | 120 | v
VRUNE Line Regulation 3V s (Vi - Vour) s 35V @ 0.005 | 0.0 S
0.02 0.04 Sl
Veroan Load Regulation 10 mA 5 lgyr s 54 @ 0.1 0.3 %
0.3 0.6 %
Thermal Regulation 20 ms Pulse 0002 | 0.4 W
lacu) Adjustment Pin Current a5 | 100 | pO
Alapy Adjustment Pin Current Change ; 0 mA = lgyt < 5A, 0.2 s / VA
W = (Vi — Vour) 5 36V /
AV Temperature Stability Ton = Ty 3 Tiax 1 %
I oap{Min) Minimum Load Current Vi — Vout = 35V i5 5 i,
les Current Limit Ving — Vour 5 10V "4
oC 5 B A
0.5 ms Peak T 12 A
Wiy — Vour = 30V 1 1 A

Current Limits within
our parameters
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Ethical Considerations

m This device could have public health consequences if it
should fail, so the upmost importance is on safety.

m We must ensure that our charge controllers meet standards
and we have realistic expectations.

m We must make sure safety is our top priority due to the high
currents and voltages inherent to the charge controller

m We hope to educate our sponsor on the design and
application of our charge controller

m We have referred to Professor P. Krein for his expertise on
battery charging circuits
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Conclusion

mFunctional power supply for temporary
communications systems

m Easily portable devices
m Cheaply built using widely available parts
m Easily repairable

mFits sponsors needs
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