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Agenda

* Energy Management at Apollo 13 — A brief look back at the past

The well-known event in the field of space travel, about 44 years ago, is
intended to illustrate the necessity and tasks of a modern battery
management in the electro mobility

* Tasks of a modern battery management in the electro mobility

- Monitoring and protection of the battery cells
- Protection of man and environment

- Energy level, range prediction and energy saving modes
- Connection and use of the Internet

* Summary
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,Houston, we have a problem” —what was it
like at the time in April 1970
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By changing the flight profile and with the help of further measures, the crew of the
Apollo 13 could be safely brought back to earth due to an incident with a cryogenic
oxygen tank (see Movie , Apollo 13, Failure is not an option” with Tom Hanks)

Source: Wikipedia
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Tasks of a modern battery management
system in the vehicle and beyond
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Monitoring and protection of the battery cells

Keep the coolant inlet temperature during driving,
for example, in the range between 15 and 20 ° C Make sure that the battery does not
Make sure that the exceed a maximum temperature even

battery is rapidly if the vehicle is already parked

heated at a low
temperature

Charge and discharge the battery in a suitable way, so that critical high and low charge states are avoided (e.
g. keep SOC between 20 and 70%)

The present battery condition, such as “State of Health, SOH”, “State of Charge, SOC” or “State of Function,
SOF” can be determined by measurement of the individual cell voltages at the CSC (Cell Supervisory Circuit)
and the total current at the Main Battery Switch
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Heating and cooling device to protect the

battery cells

Radiator unit

Bypass valve to
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and prevent
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HV- Battery

1. Ni-MH battery (312 V/ 2,4 kWh/ 260
cells)
2. Liquid cooling device

Source: BMW Active Hybrid X6
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Protection of man and environment

Fire in parking garage Car accident Service/ Repair
Work on all the connected
Incorrect operation electrical loads (e. g. E- Motor,
and misuse Inverter, HV wiring)
Damage by Defective components
animals (e. g. (e. g. Electric contact,
Raccoons) Insulation)

* The Battery Management System (BMS) must also monitor the operational readiness of the Main Battery
Switch, e. g. with current and voltage measurement prior the contacts and behind

* Service disconnect must be removed when working on the battery. Thus the series-connected cell modules
are separated from each other. The battery must be brought into a defused and harmless condition

* The safety requirement of the BMS is considered by many OEMs in the safety standard ISO 26262 with the
highest levels of security ASIL C to ASIL D

© Dr. Heinz Reichert, 2014



Schematic of a HV battery with safety features
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Boeing 787 Dreamliner Li-lon battery after
,thermal runaway”
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Source: Wikipedia
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Show the energy level and the predicted
range and save energy if necessary

If the energy level is low, reduce power or Energy level gauge Range indicator
disconnect consumers that are not needed
for safe driving

Warning signal and automatic shutdown of the air
conditioning when the battery power is near zero

Cockpit display of the

Interact with the vehicle control unit to select the best Mitsubishi i-MiEV

driving strategy and save energy if required Source: Mitsubishi brochure
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Connection and use of the Internet

The supplier of Accurate range If the battery is low,
wind power and determination with data the driver can be
solar energy can from the GPS, latest maps automatically alerted
use the battery as  and traffic information to the next reachable

an energy storage charging stations

Set up a connection to the internet,
and show the battery state to
authorized user or service provider;
Obtain the newest data from them to

improve the battery usage
Various

applications
Automatic send of an emergency call with precise (Apps) such as
location information to the nearest fire department or car-sharing
emergency service if a battery fire is detected are enabled

Interaction
with the BMS
via
Smartphone or
Smartwatch

Source: BMW i3
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Ssummary

* The Apollo 13 mission was considered a successful failure. Failure because the mission's
goal of landing on the moon could not be achieved. Successful because the crew of the
spaceship could be successfully brought back to Earth in an apparently impossible
situation due to a technical defect (explosion of the cryogenic oxygen tank). Battery or
energy management obviously worked very well here. It consisted mainly of three trained
astronauts who knew their spaceship very well and the good collaboration of hundreds of
people at the Mission Control Center in Houston

* Modern battery management in electro mobility must be available to everyone and
should work just as well as with Apollo 13. Nowadays, computing power is available that
is millions of times higher than that of the Apollo on-board computer. In addition, there is
now the Internet, which is available almost everywhere and around the clock. In the
future, it will most likely be used much more for modern battery management in electro
mobility
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Thank you for your attention

e~ - \\
Movie ,Apollo 13“ with Tom Hanks Mission Control in Houston celebrates successful
splashdown of Apollo 13 in April, 1970

Movie clip ,,Apollo 13, Failure is not an option“
http://www.youtube.com/watch?v=KhoXFVQsIxw Source: Wikipedia

13

© Dr. Heinz Reichert, 2014


http://www.youtube.com/watch?v=KhoXFVQsIxw

