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Energy Consumption

Energy Consu mption by Sector (2015) Energy Usage in the U.S. Residential Sector in 2015
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Impact of High Energy Consumption
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Energy Consumption of Sensors,
Components, and Systems
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Safety of Electronics
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Safety of Electronics
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= Smartphone Battery
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4. Separator melts, possibly
causing a short circuit.

5. Cathode breaks down,
generating oxygen.
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Energy Storage - High Capacity and Efficiency Needed
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Energy Storage - High Capacity and Safer Needed
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Lithium-lon Battery

« Understanding of how lithium-ion battery works

 High capacity vs. collection of low capacity

natteries. ’ Q

— Cathode Anode <«
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Lithium-lon Battery

« Advantages of maintaining several lower capacity

battery cells, vs. one very high capacity cell.
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Novel Contributions

 Intelligent batter management.
« Smart utilization of available energy in cells.
 Ability to replenish energy while using another cell

(Future direction).
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Proposed RelBat Architecture

System Cell 1
Safety

Manager
Cell 1
Battery
Cell Array Cell 1
Manager
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Cell Selector Algorithm

Algorithm 1 Proposed Cell Selector Algorithm.

Data: Input = Load Current(I), Voltage/State of Charge(V)
Output = g1, g2, and g3
Result: Assign threshold for I and V to g1, g2 and g3
initialization while I and/or V(SoC) equals and/or less
than(assigned threshold) do

ol, g2, and g3 equals O (gate opens) if not then
| go to next section current section becomes this one

else
| ¢l, g2, and g3 equals 1 (gate closed)

end

end
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Cell disconnect Algorithm

Algorithm 2 Proposed Cell Disconnect Algorithm.

Data: Input = Voltage/State of Charge(V) Output = cl, c2,
and ¢3
Result: Assign threshold for V to cl, ¢2 and c3
initialization while V(SoC) equals and/or less than(assigned
threshold) do

cl, ¢2, and c¢3 equals O (gate opens) if not then
g0 to next section current section becomes this one

else
cl, ¢2, and 3 equals 1 (gate closed)
end
end
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Design of RelBat

« Components of System:

« Collection of battery cells.
- Battery Cell Array manager.

« System Safety Manager.
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Design of RelBat

Cells are connected to a switching circuit which is
mapped to the cells, in series and parallel
combination.

Its purpose is to transfer the load from one cell to
another dependent on situation at that time.

The situation is determined by the algorithm.
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Design of RelBat

 The algorithm is embedded in both BCAM and
SSM.

« The BCAM monitors the situation and environment

and acts based on the input.
« The BCAM continues to analyse the situation,

gathers the data as input and acts based on coded

algorithm.
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Design of RelBat

 The SSM function is to determine if the system is
safe to continue operation and if the user of the

device is safe based on the situation.
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Results — SoC/DoD

 State of Charge and Depth of discharge
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Results - Current

Current utilization by load.
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Results — Voltage Attenuation
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Results

Lithium-Ion Battery Discharge Characteristic.

Mominal Current Discharge Characteristic at 0.43478C (1.067A)
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Conclusions and future research

« The proposed practical implementation of this
research is in portable and non-portable devices

« Future research will address recharge
management.

 The introduction of a solar charging system/panel
will be a realistic and smart approach towards the

next level of this research.
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Thank You !!!
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