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Battery Control and Protective Element Validation Method

Technical Field of the Invention

The present application relates generally to controlling the disttibution of power froma
power source and the validation of protective elements for the power source. Particularly, the
present application relates to selectively discharging power or validating protective elements in a
power source, such as a hattery, with a handshake based on the temaperature of the power source.

Backeround of the Invention

Cordless tools are typically powered by lithiumi-ion (Li-ion} or other types of batteries
that supply power to a motor when a trigger is depressed. For example, a user of a power drill
can engage a trigger and supply power to the drill motor based on the amount that the trigger is
actuated. Cordless tools have become a versatile way of interacting with workpicces without
exerting a large amount of manual effort.

However, the versatility of cordless tools can be limited by temperatares the tools are
used. Tools in general are used in all types of weather and temperatures, and cordless tools are
no exception. For example, cold temperatures can limit the efficacy of a cordless tool by
creating a high surge current and voltage drop, which can caunse the tool to shut down because of
protective elements in the tool’s power source.

The protective clements discussed above are an important aspect of protecting the power
source and tool from clectrical damage due to high surge currents and voltage drops. These

protective elements can malfunction, however, causing darsage to the tool.
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Summary of the Invention

The present application discloses method, system and device for selectively discharging
power from a power source, such as, for example, a battery at a rate depending on the
temperature of the power source. The power source and switch are adapted to communicate with
each other using handshake signals to determine the appropriate power distribution method. For
example, depending on the handshake signal outcome, power can be discharged at a normal
start~up rate or a slower start-up rate based on the sensed temperature of the power source.
Protective elements in the power source can also be validated based on the handshake signal to
cusure the protective elements are functioning properly before discharging power from the power
source 1o protect the power source,

For example, the present application discloses a method for controlling output of power
sources, such as, for example, a battery, including determining a temperature of the power
souree, selecting a handshake signal 1o be sent to the switch based on the teraperature of the
power source, ransmitting the handshake signal to the switch, establishing a power distribution
scheme depending on the outcome of the handshake signal, and allowing a distribution of power
from the power source in accordance with the power distribution scheme.

Also disclosed is 2 method of vahidating an clement that performs a function, the method
including transmitting a wake-up signal to the element, receiviug a handshake signal indicating
that the element is performing the function, and allowing power to be distributed from a power
source to a load upon receipt of the handshake signal.

In addition, the present application discloses a method of validating a charger adapted to
charge a power source having a power source parameter, the wethod iclading transmitting a

walke up signal to the power source, receiving a handshake signal from the power source
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indicating that the power source parameter is sufficient so the power source can be charged by
the charger, and charging the power source.

An apparatus for controlling power distribution is also disclosed and includes a power
source, a switch coupled to the power source and adapted to transmit and inhibit a flow of power
from the power source, a load coupled to the power source and adapted to receive the power, a
power distribution system including a temperature sensing device adapted to sense a temperature
of the power source, and a transistor coupled to the temperature sensing device, the transistor
adapted to control transmission of power from the power source to the motor based on a
handshake signal transmitted from the power distribution system indicating the temperature.

Brief Description of the Drawings

For purpose of facilitating an understanding of the subject matter sought o be protected,
there are illustrated in the accompanying drawings embodiments thercof, from an inspection of
which, when considered in connection with the following description, the subject matier sought
to be protecied, its construction and operation, and many of its advantages should be readily
understood and appreciated.

FIG. 1 1s a side view of a tool and a schematic illustration of a charger according to an
embodiment of the present mvention.

FIG. 2 18 a schematic diagram of an embodiment of the battery control system according
to the present invention.

FIGS. 3A and 3B arc schematic illustrations of transmitted signals that effect a power
source control method according to an embodiment of the present invention.

FIG. 4 1s a schematic iHlastration of transmitted signals in accordance with a power

source charging method of the present invention,
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FIG. 5 illustrates a schematic illustration of transmitted signals in accordance with a
protective element validation system according to an embodiment of the present invention.

FIG. 6 is a flowchart illustrating a process for distributing power in accordance with an
embodiment of the present application.

FIG. 7 is a flowchart illustrating a process for validating protective elements in
accordance with an embodiment of the present application.

FIG. 8 is a flowchart illustrating a process for validating a charging process according to
an embodiment of the present application.

It should be understood that the comments included in the notes as well as the materials,
dimensions and tolerances discussed therein are simply proposals such that one skilled in the art
would be able to modify the proposals within the scope of the present application.

Detailed Description of the Embodiments

While the present invention is susceptibie of embodiments in many different forms, there
is shown in the drawings, and will herein be deseribed ermbodiments of the invention with the
understanding that the preseut disclosure is to be considered an exemplification of the principles
of the invention, and is not intended to limit the broad aspect of the invention to the
embodiments illustrated.

The present invention relates to a mcthod, system and device for controlling from a
power source power or validating protective elements of a power source, such as, for example, a
battery to ensure proper functioning of the power source at various temperatures. The power
source can communicate with a switch, such as with a hand shake signal, to determine the
appropriate scheme for power distribution depending on the teraperature or other conditions of
the power source. The power source can discharge power at a normal start-up rate or a slower
start-up rate depending on the temperature and/or condition of the power source. Handshake

4
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signals can also be used to validate protective elements adapted to protect the power source
and/or tool from damage, where the protective elements respond to a wake-up signal with a
respective handshake signal indicating that the protective elements are functioning properly.

As shown in Fig. 1, an embodiment of the present invention includes a tool 100 having a
trigger 105 adapted to facilitate the transfer of power from a power source 110 to a load 115,
such as a tool motor. Coupled to the power source 110 can be an indicator 120, such as a light
adapted to illuminate when the power source 110 is being charged or when the power source 110
is discharging power to the load 115, or any other condition of the power source 110. A charger
125 can be used to charge the power source 110 when the power source 110 requires charging.

As shown, the tool 100 can be a power drill. However, any power tool can utilize the
system of the present application to selectively control the transfer of power. For example, the
tool 100 can be an electric or pneumatic hammer, power saw, glue gun, snow or leaf blower,
lawn mower, or any other tool that can be operated through a power source.

The trigger 105 is adapted to be actuated by a user to effectuate the amount of power
delivered to the load 115. For example, a user can apply a force to the trigger 105 to apply a
variable amount of power from the power source 110 to the load 115. The more the user
engages and depresses the trigger 105, the more power that is delivered to the load 115. The
present invention is not limited to a depressable trigger 105, however, and can include a button,
power control wheel, ball bearing design, or any other interface that allows a user to control
power flow from a power source to a load.

The power source 110 can be any type of device that stores or creates power, including a
battery, alternator, capacitive element, supercapacitor, fuel cell, generator, or any other power

source. For the purposes of discussion only, the power source 110 will be described as a battery.
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The load 115 can be any device or electrical component adapted to utilize power from the
power source 110. For example, the load 115 can be a motor, heating device, electrical resistor,
or any other device. For purposes of discussion only, the load 115 will be described as a motor.

The indicator light 120 is adapted to indicate to a user when the power source 110 is
charging, discharging power or other conditions of the power source. For example, the indicator
light 120 can be a light emitting diode (LED) that illuminates in a green color when the power
source 110 is charging, and illuminates in a red color when the power source 110 is discharging.
Alternately, the indicator light 120 can illuminate in only one color. Also, other forms of
indication can be used without departing from the spirit and scope of the present invention, such
as, for example, a tactile or audible response.

The charger 125 can be any device that provides power to the power source 110. For the
purposes of discussion, the charger 125 is a battery charger.

Fig. 2 illustrates a power distribution system 200 in accordance with an embodiment of
the present application. As shown, the power distribution system 200 includes a power source
110, a switch 130, and a load 115. The power source 110 can include a temperature sensing
device 135 adapted to sense a temperature of the power source 110, a transistor 140 adapted to
control the amount of power from the power source 110 to the switch 130 or the load 115, and
the indicator light 120 discussed above. The power source 110 can also include a volatile
memory, such as an electronically erasable programmable read-only memory (EEPROM) 145,
that can contain data or computer program instructions that facilitate the transmission of power
from the power source 110 to the switch 130 and/or the load 115. The power source 110 can
include protective elements 142 that perform protective functions for the power source 110, e.g.,

turning the power source off when a voltage drop or current surge reaches a predetermined level.
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The transistor 140 controls the various signals sent from the power supply 110 to the
switch 130 to facilitate the transmission of the signals as, for example, a logical high (e.g., an
open circuit) when the power supply 110 is outside of normal operating parameters, or a logical
low (e.g., a ground potential) when the power source 110 is within normal operating parameters.
For the purposes of discussion, the transistor 140 is a metal oxide semiconductor field effect
transistor (MOSFET), allthough any type of transistor 140 can be utilized without departing from
the spirit and scope of the present invention. The transistor 140 can allow a full, unimpeded
transmission of power when transmitting a logical low signal, and can impede or completely
prohibit the transmission of power when transmitting a logical high signal. Any other variation
of signals transmitted by the power source 110 via the transistor 140 can be implemented without
departing from the spirit and scope of the present application.

The temperature sensing device 135 can be any device or circuitry capable of
determining a temperature of the power source 110 and allowing that temperature to be
communicated to either the switch 130 and/or the load 115. For example, the temperature
sensing device 135 can be a thermometer or circuitry adapted to sense the temperature of the
power supply 110 due to variations in circuit parameters caused by fluctuating temperatures.

The power source 110 can be operably coupled to the switch 130 via one or more
terminal connection 150. The switch 130, in turn, can be operably coupled to the load 155 via
one or more power output connection 155. Each of these connections 150, 155 can include a
positive and negative terminal, as well as several additional terminal connections that facilitate
the flow of power from the power source 110 to the load 115. For example, as shown in Figs.
3A-5, the connections 150, 155 can include terminal connections that read the EEPROM 145,

supply power to the load 115 or the indicator light 120, turn the switch 130 off to protect the
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power source 110, and initiate wake-up or handshake signals between the power source 110 and
the switch 130 and/or load 115. Any additional terminal contacts can be included between the
power source 110, switch 130 and load 115 without departing from the spirit and scope of the
present application.

Figs. 3A and 3B illustrate different exemplary start rates for the load 115 (indicated as a
motor in Figs. 3A and 3B). The start rate is determined based on the signal(s) received from the
power source 110 at the switch 130 and/or the load 115. For example, Figs. 3A and 3B illustrate
a N2 signal 160, a control (CTL) signal 165, a motor signal 170, and an indicator light signal 175
that communicate information from the power source 110 to/from the switch 130 and/or the load
115. A switch signal 180 can also be provided to enable the switch 130 to enter a protection
mode if the control signal 165 instructs the switch signal 180 to do so. Fig. 3A illustrates the
start up rate of the load 115 when the temperature of the power source 110 is at or above a
certain temperature, such as, for example, 0°C, and Fig. 3B illustrates the start up rate of the load
115 when the temperature of the power source 110 is below a certain temperature, such as, for
example, 0°C.

As shown in Figs. 3A and 3B, an exemplary system 200 can start the load 115 at a first
start rate or a second start rate, depending on the handshake signal transmitted by the power
source 110. For example, Fig. 3A shows a handshake signal initiated by the control signal 165
that starts high, then moves low, then high, then low again. The spacing of the high-low portions
of the signal indicates whether the power source 110 is operating at or above a specific
parameter, in this case the 0°C temperature mark. As shown in Fig. 3A, the handshake signal
from the control signal 165 is initiated at a higher frequency, such as, for example, 25 Hz, as

opposed to the handshake signal when the power source 110 is below 0°C, where the signal is
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initiated at 12.5 Hz. The handshake signal in Fig. 3B therefore instructs the load 115 to enter a
“soft start” where start rate of the load 115 is slower than the normal start rate illustrated in Fig.
3A. Of course, the above process is only an example, and any other process for selectively
controlling battery output based on temperature sensing can be performed without departing
from the spirit and scope of the present invention.

Utilizing the above process, the load 115 can operate more efficiently and effectively by
starting the load 115 at a lower rate when temperature would affect the operation of the load 115
if initiated at the normal higher rate. The load 115 can thus selectively draw power from the
power source 110 depending on the handshake signal transmitted by the control signal 165.
Accordingly, the tool 100 can operate more efficiently and at a temperature where the tool 100
would not otherwise operate at a high level.

Fig. 4 illustrates a schematic diagram detailing handshake signals between the power
source 110 and the charger 125. As shown, the signals in Fig. 4 can include an EEPROM read
signal 185, a charge signal 190 and a fuel gage signal 195, in addition to the signals discussed
above with respect to Figs. 3A and 3B. The system of Fig. 4 validates the various contacts
between the power source 110 and the charger 125 and validates different parameters of the
power source 110 to instruct the charger 125 to charge the power source 110.

As shown, the wake-up 160 signal from the charger 125 will request a handshake signal
from the power source 110 in a manner similar as discussed above with respect to Figs. 3A and
3B. In response, the power source 110 will provide the handshake signal to the charger 125.
Once the handshake response is received from the power source 110 by the charger 125, the

charger 125 can then supply charge or other replenishing means to the power source 110 to
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charge the power source 110. A subsequent high control signal 160 will instruct the charger 125
to end the charging process.

The above process validates the connection between the charger 125 and the power
source 110 by determining whether parameters of the power source 110 are sufficient to begin
the charging process. For example, the charger 125 will not initiate a charging operation until
the charger 125 receives the necessary low, high, low handshake signal from the power source
110. The handshake signal can also vary in frequency, similar to the system discussed above
with respect to Figs. 3A and 3B, to achieve different start-up charging rates for the power source
110. The power source 110 can thus be charged at sufficient operating parameters, or when such
parameters do not exist, the user can be notified so the power source 110 is not damaged.

Fig. 5 illustrates a signal system where handshake signals can be used to validate
protective elements 142 of a power source 110 as applied to an accessory load, for example an
LED work light. As shown, the EEPROM of the power source 110 is read by the EEPROM read
signal 185 to initiate the process. The work light can then be actuated immediately by the
indicator light signal 175 and, at a later stage, a wake up signal can be sent to the power source
110 by the N2 signal 160. In response, a handshake signal can be sent from the power source
110 to the switch 130 and/or the load 115 to ensure that the protective elements 142 of the power
source 110 are functioning properly. Should the control signal 165 revert back to the high level,
the protective elements 142 can then perform their intended function and shut down the power
source discharge function, thereby protecting the power source 110.

The above process allows the protective elements 142 to be validated during the
discharge of power from the power source 110. Following validation, the user can continue to

draw power from the power source 110 only while the protective elements 142 are functioning

10
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properly, and will not be able to draw power from the power source 110 when the protective
elements 142 have failed. Using this unique handshake communication method, a user is less
likely to harm a power source 110 during the normal course of operating the accessory tool.

Figs. 6-8 illustrate various methods in accordance with embodiments of the present
application. As shown in Fig. 6, the process 600 begins and proceeds to step S605, where a
temperature of the power source 110 is determined by a temperature sensing device 135.
Depending on the temperature, a handshake signal is selected at the power source S610 and then
transmitted to the switch S615 to communicate the temperature of the power source 110 to the
switch 130 and/or the load 115. A power distribution scheme is then determined S620 in which
power is distributed from the power source 110 at a first rate or a second rate lower than the first
rate depending on the transmitted handshake signal. Of course, any number of handshake signals
and corresponding power distribution schemes can be implemented without departing from the
spirit and scope of the present application. Once the power distribution scheme is determined
S620, power is transmitted to the load 115 at S625 in accordance with the power distribution
scheme.

Fig. 7 illustrates a process 700 for validating the protective elements 142 of the power
source 110 in accordance with an embodiment of the present application. As shown, a wake-up
signal is transmitted to the power source 110 at S705, and a handshake signal is received S710
based on the transmitted wake-up signal. Once the switch 130 and/or load 115 receives the
handshake signal, the transistor 140 can allow the flow of power from the power source 110 to
the load 115 at S715.

Fig. 8 illustrates a process 800 for charging a power source 110 in accordance with an

embodiment of the present application. As shown, a wake up signal is transmitted to the power

11
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source S805 and a handshake signal is received from the power source 110 at S810, indicating
that the power source 110 is operating at parameters appropriate for charging. For example, at
S810, the power source 110 can transmit a handshake signal indicating that the temperature of
the power source 110 is above a predetermined temperature so that charging the power source
110 is safe and efficient. Once the handshake signal is transmitted to the charger, the power
source 110 is charged at S815.

The matter set forth in the foregoing description and accompanying drawings is offered
by way of illustration only and not as a limitation. While particular embodiments have been
shown and described, it will be apparent to those skilled in the art that changes and modifications
may be made without departing from the broader aspects of applicants’ contribution. The actual
scope of the protection sought is intended to be defined in the following claims when viewed in

their proper perspective based on the prior art.

12
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Claims
What is claimed 1s:

1. A method for controlling cutput of a power source, comprising:

determining a temperature of the power source;

selecting a handshake signal to be sent o a switch, wherein the handshake signal
is selected based on the temperature;

transmitting the selected bandshake signal to the switch;

selecting a power distribution scheme depending on the selected handshake
stgnal; and

causing a distribution of an amount of power frora the power source n
accordance with the selected power distribution scheme.

2. The method of claim 1, wherein the power distribution scheme includes a first
start rate and a sccond start rate, wherein the first start rate distributes the amount of power at a
iower rate compared to the second start rate.

3. The method of claim 1, wherein the first start rate is selected when the
temperature 18 less than a first predetermined amount and the second start rate is selected when
the toemperature 1s approximately more than a second predetermined amount.

4. The method of claim 2, wherein the step of causing a distribution of power further
includes causing a transistor to at least partially inhibit the amount of power to distribute power
at the first start rate.

5, The method of claim 4, wherein the transistor 18 a metal oxide field offect

transistor (MOSFET),

13
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6. The method of claim 1, wherein the step of determining the temperature of the
power source is performed by a temperature sensing circuitry.

7. A method of validating an element that performs a function, the method
comprising:

transmitting a wake-up signal to the element;

receiving a handshake signal indicating that the element is performing the
function; and

causing the distribution of an amount of power to be from a power source to a
load upon receipt of the handshake signal.

8. The method according to claim 7, further comprising reading an electronically
erasable programmable read-only memory (EEPROM) prior to the step of receiving the
handshake signal and the step of transmitting the wake up signal.

9. A method of validating a charger adapted to charge a power source having a
power source parameter, the method comprising:

transmitting a wake-up signal to the power source;

receiving a handshake signal from the power source indicating that the power
source parameter is sufficient so the power source can be charged by the charger; and

causing charging the power source with the charger.

10.  The method of claim 9, wherein the power source parameter is a temperature of
the power source.

11.  An apparatus for controlling power distribution comprising:

a pOWCET SOUrce;

14
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a switch operably coupled to the power source and adapted to transmit and control
an amount of power from the power source;
a load operably coupled to the power source and adapted to receive the amount of
power; and
a power distribution system including:
a temperature sensing device adapted to sense a temperature of the power
source; and
a transistor operably coupled to the temperature sensing device and
adapted to allow transmission of the amount of power and control the amount of flow of power
from the power source to the switch based on a handshake signal transmitted from the power
distribution system indicating the temperature.
12.  The apparatus of claim 11, wherein the load is a motor.
13.  The apparatus of claim 11, further comprising an EEPROM having a computer
program adapted to control the power source stored therein.
14.  The apparatus of claim 11, wherein the temperature sensing device is circuitry
adapted to obtain the temperature of the power source.
15.  The apparatus of claim 11, further comprising an indicator light adapted to
selectively illuminate when the power source is in a discharge mode or a charge mode.
16.  The apparatus of claim 11, further comprising a protective element adapted to
prohibit transmission of the amount of power from the power source.
17.  The apparatus of claim 11, wherein the transistor is a MOSFET.
18.  The apparatus of claim 11, wherein the transistor is adapted to permit a

transmission of the amount of power at a first start rate or a second start rate, wherein the first

15
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start rate allows the transmission of the amount of power at a lower rate compared to the second
start rate.

19.  The apparatus of claim 18, wherein the first start rate is initiated when the
temperature is less than a first predetermined amount and the second start rate is initiated when

the temperature is above a second predetermined amount.

16
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Fig. 3A
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