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(57) Abstract: An flight-safe indicator for a battery displays the flight-safety state of a battery to be transported by an aircraft. The
indicator can be easily recognized by ground personnel anywhere regardless of the language they speak or read. The indicator
comprises an icon indicating that the battery is safe for flight and would be easily recognized by personnel at an airport. The icon
would be placed on the battery or on the battery packaging prior to loading on the aircraft. When the magnitude of power stored
on the battery exceeds a safety threshold, the icon changes to an indication that the battery is not safe for transporting by aircraft
and the operator may discharge the battery using a load until it reaches a sate level.
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Description
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Use for Batteries
Technical Field

This invention pertains to the field of batteries, and particularly to the transportation
of batteries on board aircraft and specifically to an automatic flight-safe indicator and

method of use for batteries.
Disclosure of Invention

Technical Problem

It is well understood that modern battery technologies have significant safety issues
related to the energy stored within them. In particular, as the amount of energy
increases with respect to the overall size of the battery, the overall energy density has
reached a level where a damaged battery may overheat in a reaction that releases more
total energy than can be accounted for strictly by the electrical energy stored within the
battery system.

This type of event is often referred to as a thermal runaway event. In the case of
Lithium Cobalt rechargeable batteries, this runaway reaction can occur at temperatures
as low as 200 degrees centigrade for a fully charged battery. When thermal runaway is
reached, chemical reactions occur inside the battery that are exothermic in nature,
resulting in additional heat generation that can quickly lead to smoke, flame and
ejection of molten metal. New chemistry blends and construction methods seek to
increase the point at which the thermal runaway event will occur, but these efforts are
constantly challenged by the ever increasing amounts of energy being stored.

Batteries are not normally subjected to temperatures high enough to cause thermal
runaway. However, when a battery is damaged, high temperatures can be generated.
For example, if an external short circuit is applied, if the battery is penetrated with a
conductive object such as a nail, or if the battery is crushed. The electrical energy
inside the battery is released into the damaged area generating significant heat, the
more energy stored in the battery, the more heat is generated, and the more likely the
battery is to experience a thermal runaway event.

Most lithium chemistries also have a variable thermal runaway point. The higher the
voltage potential of the cells, the lower the thermal runaway point. A fully charged
battery is therefore at significantly higher risk of catastrophic failure than a discharged
battery.

It is expected that new battery technologies may suffer these same issues as Lithium

Ton batteries.
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Most countries have regulations that restrict the transportation of lithium batteries
and other hazardous goods. In the case of lithium rechargeable batteries, these re-
strictions used to focus only on the amount of lithium used to manufacture the
batteries. Many countries have changed this approach as batteries are generally not
labeled with the amount of the lithium they contain. The International Air Transit
Authority (IATA) has also put in place limits on the total watt-hours of energy the
battery is capable of storing and requires this amount to be printed on the battery.
Limits of 100 Watt-Hours are currently in place, but this amount is subject to change

and may be increased to 160 Watt-hours with special permission.
There is an assumption that a smaller battery is automatically safer than a larger

battery, and similarly that a large battery is automatically unsafe under all conditions.

There remains a need for manufactures to have the ability to calculate and indicate
when a battery is safe for transportation.

It is common for advanced battery systems to have some form of display on the
battery which is generally used to display battery capacity in terms of percent charge.
Technical Solution

In order to overcome the deficiencies noted above, I propose as a solution my
invention, namely, an automatic flight-safe indicator for a battery. In one embodiment
of the invention the automatic flight-safe indicator comprises a battery with a power
storage magnitude indicator. The power storage magnitude indicator is electrically
connected to the battery and displays a power storage magnitude of the battery. The
power storage magnitude is displayed on the power storage magnitude indicator in
graphical or numerical form and preferably as watt-hours.

In one embodiment of the invention the power storage magnitude indicator is back-lit
by a light emitting diode.

In one embodiment of the invention the power storage magnitude indicator is
rectangular and is disposed on the top surface of the battery.

A label is affixed to the battery next to the power storage magnitude indicator
displaying a power storage magnitude flight-safety limit. This limit is set by a safety
authority.

In an embodiment of the invention a human operator compares the power storage
magnitude of the battery displayed on the power storage indicator to the power storage
magnitude flight-safety limit. The battery is denied placement onboard an aircraft
when the power storage magnitude of the battery is equal to or greater than the power
storage magnitude flight-safety limit. The battery is permitted placement onboard an
aircraft when the power storage magnitude of the battery is less than the power storage
magnitude flight-safety limit.

In another embodiment of the invention the automatic flight-safe indicator further
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comprising a flight-safe icon electrically connected to the battery storage magnitude
indicator. The icon has a first flight-safe display for indicating that the battery is safe
for loading on an aircraft and a second flight-unsafe display for indicating that the
battery is not safe for loading on an aircraft. The flight-safe icon receives a power
storage magnitude indication from battery storage magnitude indicator. The flight-safe
icon is programmed to change from the first flight-safe display to the second flight-
unsafe display when the battery storage magnitude indication is equal to or greater than
the power storage magnitude flight-safety limit.

In a preferred embodiment of the automatic flight-safe indicator icon the first flight-
safe display comprises a silhouette of an aircraft within a circle. The first flight-safety
display may is green or it may be back-lit green.

In a preferred embodiment of the invention the automatic flight-safe indicator icon
second flight-unsafe display comprises the silhouette of an aircraft within a circle
having a diagonal bar. The second flight-unsafe display may be red or back-lit red.

A method of using an automatic flight-safe indicator for a battery comprises the
following steps:

provide a battery having a power storage magnitude;

provide a battery power storage magnitude indicator electrically connected to the
battery;

displaying the battery power storage magnitude of the battery as a numerical display;

providing a human operator for comparing the numerical display to a predetermined
power storage magnitude safety limit;

the human operator prohibits loading of the battery on board an aircraft when the pre-
determined power storage magnitude safety limit is exceed; and,

the human operator permits loading of the battery on board the aircraft when the pre-
determined power storage magnitude safety limit is not exceeded.

A further method of using an automatic flight-safe indicator for a battery comprising
the following steps:

provide a battery having a power storage magnitude;

provide a battery power storage magnitude indicator electrically connected to the
battery;

displaying the battery power storage magnitude of the battery as a numerical display;

providing a flight-safe icon having a first flight-safe display and a second {flight-
unsafe display;

electrically connecting the flight-safe icon to the battery storage magnitude indicator;

programming the flight-safe icon to change from the first flight-safe display to the
second flight-unsafe display when the battery storage indicator indicates battery power

equal to or greater than a predetermined battery storage magnitude safety limit;
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providing a human operator for observing the flight-safety icon;
the human operator prohibits loading of the battery on board an aircraft when the

flight-safety icon is in the flight-unsafe display; and,

the human operator permits loading of the battery on board the aircraft when the
flight-safety icon is in the flight-safe display.

If the human operator wishes to take the battery on board a flight, but the battery
storage indicator is too high, the human operator may install the battery in the
equipment it is designed to power in order to discharge the battery or may attach any
other external load to the battery to reduce the power stored.

In another embodiment of the invention, a load may be integrated into the battery and
connected through a switch, software control or other method such that the human
operator can instruct the battery to dissipate energy into the integrated load until such
time as the battery reaches the flight-safe level of storage.

Description of Drawings

Figure 1 shows the flight-safe icon in a first flight-safe display.

Figure 2 shows the flight-safe icon in a second flight-unsafe display.

Figure 3 illustrates a power storage magnitude display in watt-hours.

Best Mode

The present invention is an flight-safe indicator easily displaying the flight-safety
state of a battery to be transported by an aircraft that can be easily recognized by
ground personnel anywhere regardless of the language they speak or read.

Referring to Figure 1, there is shown an icon indicating that the battery is safe for
flight and would be easily recognized by personnel at an airport. The icon would be
placed on the battery or on the battery packaging prior to loading on the aircraft.

A number of different icons could be used to convey similar information and such in-
dication could also include text.

Referring to Figure 2, the concept of the battery being flight-safe can also be
considered in reverse, showing a flight-unsafe icon when the battery contains too much
energy to be safely taken on board aircraft. The unsafe symbol would simply be ex-
tinguished to indicate that it is in a safe state.

The current IATA requirements force manufacturers to label their battery with a
watt-hour rating. This label is inspected at the airport, and if it is less than 100 watt-
hours (or other limit as may be set by appropriate authorities and changed from time to
time) then the battery is allowed on the aircraft. However, battery capacity changes
depending on how it is charged and how new the battery is. It is common for batteries
to have as much as 20% higher capacity when new then their nominal rating.

Therefore, a printed label affixed to the battery may mislead authorities into allowing
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an unsafe battery onboard the aircraft.

Figure 3 shows a battery display (300) which shows the actual watt-hours of energy
stored (301) in the battery and also includes the flight safe icon (302). The actual rated
waltt-hour capacity of the battery may be greater or less than the number displayed on
the battery. In the case of a large battery, for example a 200 watt-hour battery, the user
can attach a load to the battery to discharge it below the 100 watt-hour limit imposed
by the IATA and other authorities, which will allow the battery to be taken on board
aircraft. The load could be attached manually using an external load or device, or the
load could be integrated into the battery and coupled such that the user could close a
switch or push a button that would instruct the battery to dissipate energy until the
flight-safe level of power stored was reached.

The manufacturer also has the opportunity to increase overall aircraft safety by
imposing a lower limit on the safe capacity for flight. For example, if the battery was
rated for an absolute maximum capacity of 80 watt-hours, then fully charging the
battery to 80 watt-hours before taking on board an aircraft is in fact putting the battery
into its most dangerous condition. Through appropriate levels of short circuit and
abuse testing, a manufacturer can determine how much energy can be safely stored
inside the battery to satisfy the manufacturers own tolerance for risk and reduce the
chance of any safety event occurring.

A battery safety event such as a minor gas venting will be far more severe when it
occurs in the confines of an aircraft. Therefore, in the example above, the manufacturer
may require than an 80 watt-hour battery be discharged below 40 watt-hours of energy
stored before the flight-safe icon is shown, even though this limit is far below the
limits actually imposed by the transit authorities.

Although the description above contains much specificity, these should not be
construed as limiting the scope of the invention but as merely providing illustrations of
the presently preferred embodiment of this invention. Thus the scope of the invention

should be determined by the appended claims and their legal equivalents.
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Claims

An automatic flight-safe indicator for a battery comprising said battery
with a power storage magnitude indicator, said power storage
magnitude indicator electrically connected to the battery for displaying
a power storage magnitude of the battery.

The automatic flight-safe indicator of claim 1, wherein said power
storage magnitude is displayed on the power storage magnitude
indicator in numerical form.

The automatic flight-safe indicator of claim 2, wherein the power
storage magnitude is displayed on the power storage magnitude
indicator in watt-hours.

The automatic flight-safe indicator of claim 3, wherein the power
storage magnitude indicator is back-lit by a light emitting diode.

The automatic flight-safe indicator of claim 4, further including a label
affixed to the battery displaying a power storage magnitude flight-
safety limit.

The automatic flight-safe indicator of claim 5, wherein said power
storage magnitude flight-safety limit is set by a safety authority.

The automatic flight-safe indicator of claim 6, wherein the power
storage magnitude of the battery displayed on the power storage
indicator is compared by a human operator to said power storage
magnitude flight-safety limit.

The automatic flight-safe indicator of claim 7, wherein the battery is
denied placement onboard an aircraft by said human operator when the
power storage magnitude of the battery is equal to or greater than the
power storage magnitude flight-safety limit.

The automatic flight-safe indicator of claim 7, wherein the battery is
permitted placement onboard an aircraft by the human operator when
the power storage magnitude of the battery is less than the power
storage magnitude flight-safety limit.

The automatic flight-safe indicator of claim 1, further comprising a
flight-safe icon electrically connected to the battery storage magnitude
indicator.

The automatic flight-safe indicator of claim 10, wherein said flight-safe
icon has a first flight-safe display for indicating that the battery is safe
for loading on an aircraft and a second flight-unsafe display for in-

dicating that the battery is not safe for loading on an aircraft.
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The automatic flight-safe indicator of claim 11, wherein said flight-safe
icon receives a power storage magnitude indication from battery
storage magnitude indicator.

The automatic flight-safe indicator of claim 12, wherein the flight-safe
icon is programmed to change from said first flight-safe display to said
second flight-unsafe display when said battery storage magnitude in-
dication is equal to or greater than the power storage magnitude flight-
safety limit.

The automatic flight-safe indicator of claim 13, wherein the first flight-
safe display comprises a silhouette of an aircraft within a circle.

The automatic flight-safe indicator of claim 14, wherein the first flight-
safety display is green.

The automatic flight-safe indicator of claim 15, wherein the first flight-
safety display is back-lit green.

The automatic flight-safe indicator of claim 16, wherein the second
flight-unsafe display comprises said silhouette of an aircraft within a
circle having a diagonal bar.

The automatic flight-safe indicator of claim 17, wherein the second
flight-unsafe display is red.

The automatic flight-safe indicator of claim 18, wherein the second
flight-unsafe indicator is back-lit red.

A method of using an automatic flight-safe indicator for a battery
comprising the following steps:

a. provide a battery having a power storage magnitude;

b. provide a battery power storage magnitude indicator electrically
connected to said battery;

c. displaying said battery power storage magnitude;

d. providing a human operator for comparing the magnitude to a prede-
termined power storage magnitude safety limit;

e. said human operator prohibiting loading of the battery on board an
aircraft when said predetermined power storage magnitude safety limit
is exceed; and,

f. the human operator permitting loading of the battery on board said
aircraft when the predetermined power storage magnitude safety limit
is not exceeded.

A method of using an automatic flight-safe indicator for a battery
comprising the following steps:

a. provide a battery having a power storage magnitude;
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b. provide a battery power storage magnitude indicator electrically
connected to said battery;

c. displaying said battery power storage magnitude;

d. providing a flight-safe icon having a first flight-safe display and a
second flight-unsafe display;

e. electrically connecting said flight-safe icon to said battery storage
magnitude indicator;

f. programming the flight-safe icon to change from said first flight-safe
display to said second flight-unsafe display when the battery storage
indicator indicates battery power equal to or greater than a prede-
termined battery storage magnitude safety limit;

g. providing a human operator for observing the flight-safety icon;

h. said human operator prohibiting loading of the battery on board an
aircraft when the flight-safety icon is in the flight-unsafe display; and,
1. the human operator permitting loading of the battery on board said
aircraft when the flight-safety icon is in the flight-safe display.

A method of using an automatic flight-safe indicator for a battery
comprising the following steps:

a. provide a battery having a power storage magnitude;

b. provide a battery power storage magnitude indicator electrically
connected to said battery;

c. displaying said battery power storage magnitude;

d. providing a human operator for comparing the magnitude to a prede-
termined power storage magnitude safety limit;

e. said human operator enabling a load on the battery when said prede-
termined power storage magnitude safety limit is exceed until the pre-
determined power storage magnitude safety limit is not exceeded.

An automatic flight-safe indicator for a battery comprising said battery
with a power storage magnitude indicator, said power storage
magnitude indicator electrically connected to the battery for displaying
a power storage magnitude of the battery, said battery also containing
an integrated load operatively connected to allow the operator to
discharge the battery into the load until said power storage magnitude is

reduced to flight-safe levels.
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Figure 3
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