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Introduction
Problem

Rechargeable batteries are inherently limited due to properties specific to their chemistry
and production methods. The most common of which are traditional lithium-ion batteries.
Battery chemistries such as lithium-titanate can charge and discharge much quicker than the
dominant lithium-ion batteries but have lower energy densities, whereas battery chemistries such
as lithium-sulfur exhibit much better energy density than standard lithium-ion batteries yet
struggle with the problem of cyclic stability. Existing solutions fail to bridge the gap between
high-energy cells and high-power cells. The reason lies in the fact that high-energy cells
traditionally struggle with cyclic stability, meaning that they do not retain their capacity after
many charge/discharge cycles. This happens due to a multitude of reasons. Whilst some of those
reasons are inherent to the battery, others such as the discharge curve that the battery experiences
during each cycle and the depth of discharge can be controlled, and even optimized by a smart
battery management system that can selectively shift power draw to another cell.

Simply stacking a high energy cell and a high power cell in parallel (assuming ORing
diodes are used and cell voltages are the same), would not ensure that the high energy cell
follows any particular discharge curve. The first reason is that the high energy and high power
cells do not have internal resistances that are at all proportional to their relative cyclic stability,
and their maximum discharge rate. Put simply all of these batteries have similar internal
resistances, unlike capacitors which have minimal internal resistance relative to batteries. This is
why output capacitors are effective in such a simple arrangement, as buffers to deal with large
current spikes. The problem with capacitors in general, as energy storage elements, is their
incredibly poor energy density which makes them impractical for usage in consumer electronics
as a significant energy storage system. Rechargeable batteries, which universally contain energy
densities several orders of magnitude above most capacitors, are really the only viable options in
practice. These current spikes are what cause a battery's discharge curve to have a chaotic shape.

Say in an electric scooter, during a period of acceleration where the cell current draws
spikes, although the high power cell would absorb part of the spikes, the high energy cell would
still experience a larger current draw during this period. Although the impact that this has is
minimal in the scope of one cycle, the constant fluctuation in the current draw would
tremendously impact the total lifespan of the batteries. So in order for two rechargeable batteries
with different chemistries to work in conjunction a more sophisticated solution is needed. A
solution where the high power cell (which can survive for several times as many charge cycles)
can be intelligently be used as a power buffer to control the discharge curve of the high energy
cell.
Solution

The solution is a ‘smart’ battery management system. Our goal is to construct a battery
that consists of two separate energy buffers: one which consists of a high energy battery
chemistry and the other which consists of a high power battery chemistry. A low-power
microcontroller will manage the high side switching circuits which connect each buffer to the
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load and also control the duty cycle of a specially designed power converter that brings charge
from the high energy buffer to the high power buffer. The microcontroller should be able to
precisely control the timing and more importantly the speed at which the high energy cell
charges the high power cell. This is important because we intend to develop a fairly sophisticated
control algorithm to manage the discharge curve of the high-energy cell during a real-life use
case in an actual electronic device. In order to do so, our smart BMS(Battery Management
System) system will measure current draw, and the state of charge of each buffer at all times and
evaluate the exact timings for each buffer to supply power to the load whilst simultaneously
determining how quickly the high power buffer recharges. To develop this algorithm we intend
to build the management system and report these three pieces of data constantly via Bluetooth
serial or Wifi.

On the backend with the data recorded above, we can create the ‘true’ discharge curve of
each cell during each cycle. With that knowledge, an algorithm can be trained to best emulate an
ideal discharge curve. The ultimate goal is to get the high-energy cell to very closely follow what
would be a constant discharge over time as opposed to a constantly changing curve that normally
exists. To demonstrate this we intend to build a smart battery pack for an RC plane. We chose
this use case as the battery size is big enough for the power usage of our digital and analog
electronics to not significantly matter, yet not too big as to exceed what would be practical for a
senior design project. Also, an rc plane requires large current spikes quite often, and, during
regular use, is not pushed to its capacity limit with each and every cycle. This creates the perfect
system to demonstrate how our smart BMS would in practice extend the usable lifespan of
high-energy rechargeable batteries, as it would detect these conditions and adjust the power
buffers to best ensure long-term battery health. As such, the smart BMS would also contain a
gyroscope and accelerometer to help create the switching algorithm.

The long-term goal is to create the technology that would enable high-energy battery
chemistry such as lithium-sulfur, which currently struggles with cyclic stability, to be usable.
However, for this project, we simply want to demonstrate that a hybrid battery system that could
solve this problem, is possible. So for our particular plane battery pack, we intend to use readily
available Lithium Nickel Cobalt Aluminum Oxide cells (Li-NCA) as our high energy buffer and
lithium iron phosphate (LFP) cells for our high power buffer. Both are commercially available on
Digikey and other common electronic vendors and exhibit complementary strengths and
weaknesses. Even though we are utilizing off-the-shelf batteries to simply demonstrate this idea,
we still intend to create a plane battery pack that matches the maximum discharge rate of any
regular LFP battery system, whilst having a higher total energy density by virtue of the high
energy Li-NCA battery.
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Visual Aid

High-level requirements
We realize that improving the usable lifespan of high-energy batteries is somewhat arbitrary and
would be hard to quantify at the end of the semester, so below are some measurable criteria of
success that we will aim for.

● Successful high side switching circuits that allow the microcontroller to alternate between
energy buffers that supply to the load at will.

● A custom charge controller that can charge the high power cell via the high energy cell
during operation.

● A detailed analysis of experimental data points including but not limited to the Current
draw, state of charge, and speed/direction of the plane to create an advanced switching
algorithm to shape the discharge curve of the high energy cell.

● A successful version of the switching algorithm that visually improves the shape of the
discharge curve of our Li-NCA cell, when compared to a control (which will be obtained
by simply letting just the Li-NCA drive the plane across a regular charge cycle

Measurable high-level requirements:
● Our battery provides 11.1 volts, similar to a standard drone battery
● Our battery maintains a 20A max output, similar to a standard drone battery
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● Our battery holds 50% more energy than a standard drone battery at the same weight

Design
Block Diagram

All red arrows denote POWER(11.2 Volts), and all black arrows represent 3.3v DATA transfer

SWITCHING AND INTER BATTERY CHARGING CIRCUIT SUB-SYSTEM
Subsystem Requirements

1. The microcontroller should be able to precisely control the timing and more importantly
the speed at which the high energy cell charges the high power cell. This should be a
feature of the aforementioned charge controller.

2. The charge controller should be able to charge the high-power cell at rates between 0.1c
and 2c depending on a signal from the microcontroller. We will test this at 0.1c, 0.2c,
0.5c, 1c and 2c.
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Circuit Schematic

Requirements & Verification Tables

Requirement Verification

The switching module should be able to deliver up
to 15A through the high power cell

The measure current draw from high power
should be 15A + -1A

The switching module should be able to deliver up
to 6A through the high energy cell

The measured current draw from high energy
should be 7A + -2A

The on state resistance should be less than 20
mOhms for both switches

The power loss measured during operation should
be less than 1 mW.

HYBRIDIZATION ALGORITHM SUBSYSTEM REQUIREMENT
This consists of:

1. Data Collection: we need to collect as much data as possible on battery usage in our use
case, in this case, an RC.

2. Data analysis: we need to analyze the patterns in this data to collect information such as
how often power spikes occur, how long power spikes last, how long constant power
draw lasts for and charging tendencies.

3. Algorithm: using the analyzed data, we need to develop the algorithm that controls our
hybrid battery. We need the algorithm to intelligently manage the charge between the two
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batteries so it is prepared for a power surge whenever one occurs while maintaining
optimal charging and discharging curves for the high energy element.

Ethics and Safety
Due to the fact that we are dealing with batteries, we have to make sure that our system is

not endangering the user. One of the risks of danger that will be faced with this project is dealing
with lithium-ion batteries. Lithium-ion batteries are dangerous due to their high energy density
and their instability. However, this danger is annihilated as long as the battery is not damaged in
some ways or the battery is not used outside its capacity[1]. We will ensure that the batteries
used in this project will be safely operated (protection against overvoltage, undervoltage, overly
high temperature); The system will be shut off when any of the safe conditions are not respected.
Moreover, since we will be using a plane battery for our tests, we need to make sure that the
plane will not suddenly fall down during a flight.  This could result in anything from property
damage to injuring someone so we intend on failure testing the flight reliability of our battery
extensively.
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