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AC MAINS 

NEUTRAL - 

A method for preventing Sudden inadvertent operation of a 
motor of a tool or appliance when the motor is initially 
electrically connected to a power source while an On/Off 
switch for controlling the motor is in a closed (i.e. “On) 
position. The method includes electrically connecting the 
motor to a power Source and determining a position of the 
On/Off Switch when the motor is initially electrically con 
nected to the power Source by Sensing whether current is 
flowing through the motor. Additionally, the method 
includes Supplying insufficient power for the motor to func 
tion when the motor is initially electrically connected to the 
power Source by controlling the operation of an electronic 
Valve associated with the motor. 
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METHOD FOR SENSING SWITCH CLOSURE TO 
PREVENT INADVERTENT STARTUP 

FIELD OF INVENTION 

0001. The invention relates generally to control systems 
for electric motors, and more particularly to a control System 
and method for preventing inadvertent startup of the motor 
when the motor is initially connected to a power Source 
while an On/Off Switch controlling the motor is being held 
in an “On position. 

BACKGROUND OF THE INVENTION 

0002 Typically, in motor driven devices, such as power 
tools and household appliances, if the device is connected to 
a power source with an On/Off Switch of the device in the 
“On position, the motor of the device would suddenly 
Startup. If the Sudden Startup of the motor was inadvertent 
and unexpected by a user of the device, damage to other 
objects in the vicinity of the tool, or to the tool itself, could 
occur. Some known methods have used dedicated circuitry 
connected to the On/Off Switch of the motor driven device 
to directly monitor the position of the On/Off Switch and 
prevent the motor from Starting up if power is connected to 
the tool or appliance while the On/Off Switch is in the “On 
position. Other known methods have utilized Separate 
devices to prevent such inadvertent startup. With Such 
Separate devices, the motor driven device is connected to a 
first device and the first device is connected to the power 
Source. Thus, the first device disconnects the power Source 
from the motor driven device when hazardous conditions 
occur. The use of Such known methods and devices however, 
incur additional expense, inconvenience, and additional 
interconnects. 

0003. It would therefore be highly desirable to provide a 
System and method for preventing the inadvertent startup of 
a motor driven device, in the event that power is initially 
provided to the device while the On/Off Switch of the device 
is in the “On position, but that does not present the problems 
and additional cost described above. 

BRIEF SUMMARY OF THE INVENTION 

0004. In one preferred embodiment of the present inven 
tion, a method is provided for preventing inadvertent startup 
of a motor when the motor is initially connected to a power 
source while a motor control (i.e. On/Off) switch controlling 
the motor is Switched into the “On position. The method 
includes electrically connecting the motor to a power Source 
and determining the position of the motor control Switch 
when the motor is initially electrically connected to the 
power Source by Sensing whether current is flowing through 
the motor. Additionally, the method includes momentarily 
providing insufficient power for the motor to function when 
the motor is initially electrically connected to the power 
Source by controlling the operation of an electronic valve. 
0005. In another preferred embodiment, a system is pro 
Vided for preventing inadvertent Startup of a motor when the 
motor is electrically connected to a power Source. The 
system includes a motor control (i.e. On/Off) switch for 
manually controlling an operational Status of the motor and 
a electronic valve for controlling the flow of current through 
the motor when the motor is initially electrically connected 
to a power Source. The System additionally includes a 
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microcontroller for determining a position of the motor 
control switch when the motor is initially connected to the 
power Source. The microcontroller also controls an amount 
of power provided to the motor based on the position of the 
motor control Switch when the motor is initially connected 
to the power Source. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006 The present invention will become more fully 
understood from the detailed description and accompanying 
drawings, wherein; 
0007 FIG. 1 is a simplified illustration of an exemplary 
power tool of appliance incorporating the System and 
method of the present invention for preventing inadvertent 
Startup of a motor of the tool when power is first coupled to 
the tool while the tools On/Off Switch is in the “On 
position; 

0008 FIG. 2 is a simplified electrical schematic of the 
system shown in block form in FIG. 1, wherein the system 
is connectable to an AC power Source and an AC motor of 
the exemplary tool of appliance; 
0009 FIG. 3 is simplified electrical schematic of an 
alternative preferred embodiment of the system shown in 
FIG. 2; 
0010 FIG. 4 is another simplified electrical schematic of 
an alternative preferred embodiment of the System shown in 
FIG. 2; 
0011 FIG. 5 is a simplified electrical schematic of an 
alternative preferred embodiment of the system shown in 
FIG. 1, wherein the system is connectable to an AC power 
Source and an AC motor of the exemplary power tool or 
appliance; and 
0012 FIG. 6 is a simplified electrical schematic of the 
system shown in FIG. 1, wherein the system is connectable 
to a DC power Source and a DC motor of an associated 
power tool or appliance. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0013 FIG. 1 is a highly simplified block diagram of a 
system 10 of the present invention included in a motor 
driven device 14 for preventing inadvertent startup of the 
motor driven device 14 when power is initially provided to 
the motor driven device 14. In this preferred embodiment of 
the present invention, the System 10 prevents the operation 
of a motor 18 included in the motor driven device 14 if the 
motor 18 is initially connected to a power Source when a 
motor control Switch 22, also known as an On/Off Switch or 
trigger, is in a closed (i.e. On) position. 
0014. The motor 18 provides force, such as torque or 
linear force, utilized by the device 14 to perform a function, 
for example rotate a blade of a mitre Saw or Spin a drill bit 
of a drill. It will be appreciated that although motor driven 
device 14 is shown in FIG. 1 as a mitre saw, device 14 can 
be any electro-mechanical device that utilizes force provided 
by an electric motor to perform an intended mechanical 
function. For example, device 14 could also comprise a 
power tool or an appliance Such a table Saw, a circular Saw, 
a drill, a belt Sander, a mixer, a blender, a can opener, food 
processor, or an automated knife. Additionally, it will be 
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appreciated that although FIG. 1 shows the device 14 having 
a power cord 26 for providing AC power to the motor 18, 
device 14 could be a portable motor driven device that 
utilizes DC power to operate the motor 18. Thus, the system 
10 is applicable with AC and DC powered motor driven 
devices 14. 

0015 The motor 18, while described as an AC motor with 
the device 14, could instead be a DC motor Suitable for use 
with a motor control Scheme that utilizes current measure 
ment to control the operation of the motor 18, as needed for 
the particular tool or appliance with which it is being used. 
For example, the motor 18 could be an AC or DC powered 
universal motor, a permanent magnet motor, or a linear 
motor. The system 10 includes a control module 30 and the 
motor control switch 22. The control module 30 is prefer 
ably suitable for use with a plurality of motor driven tools or 
appliances, Such as device 14, that utilize a plurality of 
different motorS having different operating Specifications 
and different operational parameterS Specific to the particular 
application of the motor 18. 
0016 FIG. 2 is a simplified electrical schematic of the 
system 10 (shown in FIG. 1), connectable to an AC power 
Source and the motor 18, wherein the motor 18 is an AC 
motor, in accordance with one preferred embodiment of the 
present invention. The control module 30 includes a control 
circuit, generally indicated at 32, that determines a position 
of the motor control Switch 22 and controls an amount of 
power provided to the motor 18 based on the position of the 
motor control switch 22. In one preferred embodiment, the 
control circuit 32 includes a power Supply 34 that Supplies 
power to a microcontroller 38 programmed to control an 
electronic valve 42, Such as a triac, a field effect transistor 
(FET), an insulated gate bipolar transistor (IGBT), a sili 
cone-controlled rectifier (SCR), or a voltage control device. 
Microcontroller 38 can be any suitable microcontroller, for 
example one microcontroller especially well Suited for use 
with system 10 is an AT26 microcontroller commercially 
available from ATMEL, Inc. of San Jose, Calif. The motor 
18 is connected to the power source at AC mains via the 
power cord 26 (shown in FIG. 1). Operation of the motor 18 
is controlled by the control module 30. To control operation 
of the motor 18, the control module 30 controls the amount 
of current flowing through the motor 18 by using the 
microcontroller 38 to control the amount of current flowing 
through the electronic valve 42. One function of the control 
module 30 is to monitor the position of the motor control 
Switch 22 and prevent starting of the motor 18 if AC power 
is applied to motor 18 with the motor control switch 22 in 
a closed (i.e. On) position. 
0.017. The control module 30 is powered-up whenever the 
AC power cord 26 is connected to an AC mains power 
Source, regardless of the position of the motor control Switch 
22. When the control module 30 is powered-up the micro 
controller 38 senses AC power at a port 38a and begins to 
operate the electronic valve 42 Via Signals output from a port 
38b. The electronic valve 42 can be any current or voltage 
controlling device controllable by the microcontroller 38, 
Such as a triac or other Suitable electronic valve device. In 
one preferred embodiment, the electronic valve 42 is a triac. 
For exemplary purposes, with regard to FIGS. 2, 3 and 4, the 
electronic valve 42 will be referred to as triac 42. When the 
microcontroller 38 senses AC power at port 38a, the micro 
controller 38 begins to fire the triac 42 via port 38b. The 
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control module 30 further includes a voltage divider circuit 
46 comprised of resistors 50, 52, 54, and clamping diodes 56 
and 58. The voltage divider circuit is coupled via a circuit 
line 60 to the microcontroller 38 at port 38a. The resistors 
50, 52, and 54 divide the AC source voltage to a voltage 
level usable by the microcontroller 38, and the clamping 
diodes 56 and 58 protect the microcontroller 38 from 
damage if a Voltage Spike occurs in the AC Source Voltage. 
The microcontroller 38 senses AC power by measuring the 
divided voltage from the AC power source via port 38a. 
Alternatively, the microcontroller 38 can sense AC power by 
monitoring a digital Signal provided by a Subsystem, 
wherein the digital Signal would represent a Zero crossing of 
the AC voltage. 
0018 When the motor 18 is initially connected to the AC 
power Source, the control module 30 is powered-up and the 
microcontroller 38 senses voltage at port 38a. In one pre 
ferred embodiment, the microcontroller 38 is programmed 
to immediately begin attempting to fire triac 42 at a low 
conduction angle, for example between 160 and 175 for 
the positive half cycle and between 340 and 355 for the 
negative half cycle. The conduction angle may be derived 
from an analog representation of the AC voltage produced at 
port 38a by voltage divider circuit 46 or determined via time 
delays posted at the Zero crossing of the AC Signal at port 
38a. 

0019 For current to be flowing through the motor 18 and 
the triac 42, motor control Switch 22 must be in the closed 
position. However, regardless of whether current is flowing 
through the motor 18 and the triac 42, when the control 
module 30 is first powered-up, that is, when the motor is 
initially connected to the AC power Source, the microcon 
troller 38 attempts to fire the triac 42 at a low conduction 
angle. Therefore, if the motor 18 is inadvertently or unex 
pectedly connected to the AC power Source with the motor 
control Switch 22 in a closed position, the triac 42 is being 
fired at a Sufficiently low conduction angle Such that power 
provided to the motor is insufficient for the motor to func 
tion. Thus, regardless of the position of the motor control 
Switch 22, the motor 18 of the device 14 will not suddenly 
be pulsed on when being initially connected to the AC power 
SOCC. 

0020 Substantially simultaneously with beginning to fire 
the triac 42 at a low conduction angle, the microcontroller 38 
is programmed to determine whether the motor control 
switch 22 is in an open or closed position (i.e. “On or 'Off'). 
In one preferred embodiment, to determine the position of 
the motor control Switch 22 the microcontroller 38 is pro 
grammed to Sense whether current is flowing through the 
motor 18. FIG. 2 shows one preferred embodiment in which 
the microcontroller 38 senses whether current is flowing 
through the motor 18 by monitoring a voltage acroSS a shunt 
resistor 62, via a port 38c of the microcontroller 38. In the 
embodiment shown in FIG. 2, the value of shunt resistor 62 
is Sufficiently Small Such that when current is flowing 
through the motor 18, indicating the motor control Switch 22 
is in the closed position, the Voltage Signal is Supplied to port 
38c via an amplifier 66. However, in an alternative preferred 
embodiment, shunt resistor 62 has a larger resistance value 
Such that amplifier 66 is not needed and the Voltage acroSS 
shunt resistor is directly presented to microcontroller 38. In 
another alternative preferred embodiment, the value of Shunt 
resistor 62 is sufficiently small, and the microcontroller 38 
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includes internal circuitry to detect current flow through the 
shunt resistor 62 such that amplifier 66 is not needed. For 
example, the microcontroller 38 may include an internal 
amplifier at port 38c to amplify the Voltage Sensed acroSS 
shunt resistor 62 to a level suitable for detection by micro 
controller 38. 

0021. In one preferred embodiment, the voltage signal 
provided at port 38c is an analog signal. However, alterna 
tively, a separate Subsystem could be employed to measure 
the Voltage acroSS shunt resistor 62 and to present a digital 
Signal at port 38c to indicate whether current is flowing 
through the motor 18. Additionally, although FIG. 2 shows 
the triac 42, the shunt resistor 62 and the amplifier 66 as 
being included in the control module 30, it will be appre 
ciated that in preferred alternate embodiments, one of, two 
of, or each of the triac 42, the shunt resistor 62 and the 
amplifier 66 could be external to the control module 30. 
0022 FIG. 3 is a simplified electrical schematic of 
another preferred embodiment in which the microcontroller 
38 is programmed to Sense whether current is flowing 
through the motor 18. Instead of using the voltage differ 
ential due to current flowing through Shunt 62 to Sense 
current flowing through the motor 18, the triac 42 provides 
the necessary impedance to create a Voltage detected by the 
microcontroller 38 at a port 38d. In one preferred embodi 
ment, the Voltage acroSS the triac 42 is amplified by an 
amplifier 70 for analysis by the microcontroller 38, via port 
38d. Alternatively, the amplifier 70 may be replaced by any 
other circuit or component Suitable to condition the Voltage 
signal for detection by the controller 38 at port 38d, for 
example a resistor. It will also be appreciated that the 
amplifier 70 may be omitted if the microcontroller 38 has 
internal circuitry Suitable to detect Voltage acroSS the triac 
42. In the embodiment shown in FIG. 3, the shunt resistor 
62 and the amplifier 66 are not utilized by the microcon 
troller 38 to sense current flowing through the motor 18, but 
are rather utilized for other control functions of the motor 
18. 

0023 FIG. 4 is simplified electrical schematic of yet 
another preferred embodiment in which the microcontroller 
38 is programmed to Sense whether current is flowing 
through the motor 18 when AC power is initially applied to 
the motor 18. In this embodiment, instead of using the 
Voltage differential due to current flowing through shunt 62 
or the Voltage across the triac 42 to Sense current flowing 
through the motor 18, the motor 18 provides the necessary 
impedance to create a Voltage detected by the microcontrol 
ler 38 at port 38d. The voltage across the motor 18 is 
amplified by an amplifier 74 for analysis by microcontroller 
38, via port 38d. Alternatively, the amplifier 74 may be 
replaced by any other circuit or component Suitable to 
condition the Voltage Signal for detection by the controller 
38 at port 38d, for example a resistor. It will also be 
appreciated that the amplifier 74 may be omitted if the 
microcontroller 38 has internal circuitry suitable to detect a 
Voltage acroSS the triac 42. In the embodiment shown in 
FIG. 4, the shunt resistor 62 and the amplifier 66 are not 
utilized by the microcontroller 38 to sense current flowing 
through the motor 18, but are rather utilized for other control 
functions of the motor 18. 

0024. Thus, referring to FIGS. 2,3 and 4, when the motor 
18 is initially connected to the AC power source, the 
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microcontroller 38 attempts to begin firing the triac 42 at a 
low conduction angle to prevent the motor 18 from jerking 
if the motor control Switch 22 is closed. If the motor control 
Switch 22 is in fact closed, the firing of the triac 42 allows 
current to flow through the motor 18, the triac 42, and the 
shunt resistor 62. As current flows through the motor 18, the 
microcontroller 38 senses the current flow, as described 
above, and prevents operation of the motor 18 until such 
time as the microcontroller 38 determines that the motor 
control switch 22 has been place in the open (i.e. “On) 
position. 

0025. In operation, if the motor control Switch 22 is open 
when AC power is initially applied to the motor 18, no 
current can flow through the motor 18. Therefore, via the 
voltage signal monitored at port 38c or port 38d as described 
above, the microcontroller 38 recognizes that no current is 
flowing through the motor 18 and enables normal operation 
of the motor driven device 14. That is, upon a Subsequent 
closure of the motor control Switch 22, the microcontroller 
38 will fire the triac 42 at a conduction angle suitable to 
produce sufficient power for the motor 18 to function in 
accordance with desired operational parameters of the motor 
driven device 14. Conversely, if the motor control switch 22 
is closed and current flows through the motor 18 when the 
motor 18 is initially connected to the AC power source, the 
microcontroller 38 senses the current flow and prevents the 
motor 18 from functioning. For example, the microcontrol 
ler 38 may continue to limit the current flowing through the 
motor by continuing to fire the triac 42 at a low conduction 
angle insufficient to cause rotation of the motor 18, or the 
microcontroller 38 may stop firing the triac 42 altogether So 
that no current flows through the motor 18. Thereafter, the 
microcontroller 38 prevents operation of the motor 18 until 
the microcontroller 38 Senses that current is no longer 
flowing through the motor 18, indicating that the motor 
control switch 22 has been opened. Once the motor control 
Switch 22 is opened, the microcontroller 38 will enable 
normal functioning of the motor 18 
0026. Therefore, the microcontroller 38 is programmed 
to attempt to fire the triac 42 at a low conduction angle as the 
control module 30 is initially powered-up, and to detect 
closure of the motor control switch 22 very soon thereafter. 
By only firing the triac 42 at low conduction angles to Sense 
the position of the motor control Switch 22, insufficient 
power is provided to the motor 18 to cause rotation of the 
motor 18, thereby preventing Suddenly pulsing on the motor 
18. Additionally, if the microcontroller 38 senses that the 
motor control switch 22 is closed when power is initially 
applied to the motor 18, the microcontroller 38 disables 
normal operation of the motor 18 until the motor control 
Switch 22 is opened. Once the microcontroller 38 senses that 
the motor control Switch 22 has been opened, the micro 
controller 38 enables normal motor Start-up operation upon 
a Subsequent closure of motor control Switch 22. 
0027 Still referring to FIGS. 2, 3 and 4, in an alternative 
preferred embodiment, the microcontroller 38 is not pro 
grammed to attempt to fire the triac 42 at a low conduction 
angle when the control module 30 is first powered-up. 
Rather, the microcontroller 38 immediately begins to 
attempt to fire the triac 42 at a conduction angle Sufficient for 
the motor 18 to begin to function. Thus, if the motor control 
Switch 22 is closed when the motor 18 is initially connected 
to the AC power source, the motor 18 will begin to function. 
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However, Substantially simultaneous with the powering-up 
of the control module 30, the microprocessor 38 determines 
the position of the motor control switch 22. Thus, if the 
motor control Switch 22 is closed when the motor 18 is first 
connected to the AC power source, the microcontroller 38 
will virtually immediately Sense current flowing through the 
motor 18 and prevent powering on of the motor 18 until the 
motor control Switch is placed in an open position. Thus, the 
motor 18 will not be powered up if the AC power is initially 
supplied with the motor control switch 22 in the closed 
position. 

0028 FIG. 5 is a simplified electrical schematic of an 
alternative preferred embodiment of the system 10 (shown 
in FIG. 1), connectable to an AC power source. The 
operation of the system 10 in this embodiment is essentially 
the same as the operation described above in reference to 
FIGS. 2, 3 and 4, except instead of determining the position 
of the motor control Switch 22 by Sensing the current flowing 
through the motor 18, the position of the motor control 
Switch 22 is determined by Sensing the presence or absence 
of a Voltage acroSS motor 18. The presence of a Voltage 
across motor 18, when AC power is initially applied to 
motor 18, indicates that the motor control Switch 22 is 
closed, while the absence of a Voltage indicates that the 
motor control Switch 22 is open. 

0029. In one preferred embodiment, port 38d of the 
microcontroller 38 is connected to the motor 18 via a circuit 
line 78 that includes a resistor 82. If the motor control Switch 
22 is closed when the AC power Source is initially applied 
to the motor 18, the microcontroller 38 detects the presence 
of a voltage signal at port 38d and prevents the motor 18 
from functioning. For example, the microcontroller 138 may 
couple the resistor 82 to ground, thereby shorting the motor 
18 and preventing the microcontroller 138 from firing the 
triac 42 so that no current is allowed to flow through the 
motor 18. Thereafter, the microcontroller 38 continues to 
prevent operation of the motor 18 until the microcontroller 
38 Senses that Voltage is no longer present acroSS the motor 
18, indicating that the motor control switch 22 has been 
opened. Once the motor control Switch 22 is opened, the 
microcontroller 38 enables normal function of the motor 18. 
Although FIG. 5 illustrates line 78 connected to motor 18 at 
an electrical node internal to the control module 30, it will 
be appreciated that line 78 can be connected to the motor 18 
at a node external to the control module 30. 

0030 FIG. 6 is a simplified electrical schematic of the 
system 10 (shown in FIG. 1) connectable to a DC power 
Source and the motor 18, wherein the motor 18 is a DC 
motor, in accordance with one preferred embodiment of the 
present invention. For clarity and convenience, components 
of system 10 in FIG. 6 identical to components in FIGS. 2, 
3, 4 and 5 are identified in FIG. 6 using reference numerals 
increased by 100 over those used in FIGS. 2, 3, 4 and 5. The 
system 10 functions in a DC application very similar to the 
way the system 10 functions in the AC application described 
above in reference to FIGS. 2, 3, 4 and 5. Essentially, in one 
preferred embodiment, the microcontroller 138 prevents 
initial Sudden motor Startup, determines whether the motor 
control Switch 122 is in the closed position when DC power 
is initially applied to the motor 18, and if so, prevents the 
motor 18 from functioning until motor control switch 122 is 
Subsequently opened and closed again. 

Aug. 12, 2004 

0031. In the DC application of system 10, the motor 18 
is connected to a DC power source at a positive terminal 190 
and a negative terminal 192. The control module 130 is 
powered-up whenever the terminals 190 and 192 are con 
nected to a DC power source. When the control module 130 
is powered-up the microcontroller 138 senses DC power and 
begins to attempt to operate the electronic valve 142, Via 
port 138b, such that, if current is flowing through the motor 
18, insufficient power is provided to the motor 18 for the 
motor 18 to function. In one preferred embodiment the 
electronic valve 142 is a transistor, Such as a FET or IGBT 
For exemplary purposes, with regard to FIG. 6, the elec 
tronic valve 142 will be referred to as transistor 142. 

0032. In one preferred embodiment, when the motor is 
initially connected to the DC power Source, the microcon 
troller 138 is programmed to immediately attempt to begin 
Switching transistor 142 at a narrow duty cycle, for example 
between a 5% and 15% duty cycle. For current to be flowing 
through the motor 18 and the transistor 142, the motor 
control switch 122 must be in the closed position. Therefore, 
if the motor 18 is inadvertently or unexpectedly connected 
to the DC power source with the motor control switch 122 
in a closed position, the transistor 142 is being fired at a 
Sufficiently narrow duty cycle Such that power provided to 
the motor is insufficient for the motor to function. Thus, the 
motor driven device 14 will not jerk due to the motor 18 
abruptly beginning to rotate. 
0033 Substantially simultaneously to beginning to 
attempt to fire the transistor 142 at a narrow duty cycle, the 
microcontroller 138 is programmed to determine whether 
the motor control Switch 122 is in an open or closed position 
(i.e. “On or “Off”). In various preferred embodiments, 
similar to the AC embodiments described above, to deter 
mine the position of the motor control switch 122 the 
microcontroller 138 is programmed to sense whether current 
is flowing through the motor 18. For example, the micro 
controller 138 senses whether current is flowing through the 
motor 18 by monitoring a voltage acroSS the shunt resistor 
162, the electronic valve 142, or the motor 18. If current is 
flowing through the motor 18, indicating the motor control 
Switch 122 is in the closed position when the motor 18 is 
initially connected to the DC power Source, the microcon 
troller 138 begins to fire the transistor 142 at a narrow duty 
cycle, thereby preventing the motor 18 from abruptly begin 
ning to rotate. The microcontroller 138 continues to prevent 
operation of the motor 18 until such time as the microcon 
troller 138 determines that the motor control Switch 122 has 
been placed in the open (i.e. 'Off') position. 
0034. In operation, if the motor control switch 122 is 
open when DC power is initially applied to the motor 18, no 
current can flow through the motor 18. Therefore, the 
microcontroller 138 recognizes that no current is flowing 
through the motor 18 and enables normal operation of the 
motor driven device 14. That is, upon a Subsequent closure 
of the motor control Switch 122, the microcontroller 138 will 
fire the transistor 142 at a duty cycle Suitable to produce 
sufficient power for the motor 18 to function in accordance 
with desired operational parameters of the motor driven 
device 14. Conversely, if the motor control Switch 122 is 
closed and current flows through the motor 18 when the 
motor 18 is initially connected to the DC power source, the 
microcontroller 138 senses the current flow and prevents the 
motor 18 from functioning. For example, the microcontrol 
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ler 138 may continue to limit the current flowing through the 
motor 18 by continuing to fire the transistor 142 at a narrow 
duty cycle, or the microcontroller 138 may stop firing the 
transistor 142 altogether So that no current flows through the 
motor 18. Thereafter, the microcontroller 138 prevents 
operation of the motor 18 until the microcontroller 138 
Senses that current is no longer flowing through the motor 
18, indicating that the motor control Switch 122 has been 
opened. Once the motor control Switch 122 is opened, the 
microcontroller 138 enables normal functioning of the motor 
18 by firing the transistor 142 at a duty cycle Suitable to 
operate the motor 18 in accordance with the operational 
parameters of the motor driven device 14. 

0035) It will be appreciated that although FIG. 6 shows 
the transistor 142, the shunt resistor 162 and the amplifier 
166 as being included in the control module 130, in pre 
ferred alternate embodiments of the present invention, one 
of, two of, or each of the transistor 142, the shunt resistor 
162 and the amplifier 166 could be readily located external 
to the control module 130. 

0036). In another preferred embodiment, similar to the AC 
embodiment described above in reference to FIG. 5, to 
determine the position of the motor control switch 122 the 
microcontroller 138 is programmed to Sense the presence or 
absence of a voltage across the motor 18. If, when the motor 
18 is initially connected to the DC power source, the 
microcontroller 138 Senses the presence of a Voltage at the 
motor 18, indicating the motor control Switch 122 is in the 
closed position, the microcontroller 138 prevents startup of 
the motor 18 until Such time as the microcontroller 138 
determines that the motor control Switch 122 has been place 
in the open (i.e. On) position. 
0037 Although the control circuits 32 and 132 have been 
described above in FIGS. 2, 3, 4, 5 and 6 to include a 
microcontroller it will be appreciated that the control circuit 
32 can include any electrical and Semiconductor devices 
suitable to perform the operations described above. That is, 
the control circuits 32 and 132 can include any electrical and 
Semiconductor devices Suitable to determine a position of a 
motor control Switch based on either current flowing through 
the motor 18 or the presence of a Voltage across the motor, 
and control an amount of power provided to the motor 18 
based on the position of the motor control switch. For 
example, control circuit 32 or circuit 132 could each include 
an application specific integrated circuit (ASIC). 
0.038. Thus, the present invention provides a system that 
utilizes a control circuit to determine the position of a 
control Switch of a motor driven device and to prevent 
inadvertent Startup of the motor if the device is connected to 
a power Source with the control Switch in a closed position. 
More Specifically, upon connecting the motor driven device 
to a power Source, the control circuit operates an electronic 
Valve Such that if current is flowing through the motor, the 
motor will not suddenly startup. Additionally, if the control 
circuit Senses that current is flowing through the motor when 
power is first applied, indicating that the motor control 
Switch is closed, the control circuit continues to prevent the 
motor from operating. The control circuit then continues to 
prevent the motor from operating until Such time as the 
control circuit Senses that current has stopped flowing 
through the motor, indicating that the motor control Switch 
has been placed in the open (i.e. 'Off') position. 
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0039 Even more specifically, in one preferred embodi 
ment, upon connecting the motor driven device to the power 
Source, a microcontroller is programmed to attempt to 
operate the electronic valve Such that if current is flowing 
through the motor, the motor will not Suddenly be pulsed on. 
Additionally, Substantially Simultaneously, the microcon 
troller determines whether current is flowing through the 
motor. If the microcontroller Senses that current is in fact 
flowing through the motor, indicating that the motor control 
Switch is closed, the microcontroller takes appropriate action 
to continue to prevent the motor from operating. The micro 
controller then continues to prevent the motor from operat 
ing until Such time as the microcontroller Senses that current 
has stopped flowing through the motor, indicating that the 
motor control Switch has been placed in the open position. 
0040. While the invention has been described in terms of 
various specific embodiments, those skilled in the art will 
recognize that the invention can be practiced with modifi 
cation within the Spirit and Scope of the claims. 
What is claimed is: 

1. A method for preventing Startup of a motor when the 
motor is initially electrically connected to a power Source 
while an On/Off Switch for controlling the motor is in an 
On position, Said method comprising: 
electrically connecting the motor to a power Source; 
utilizing a microcontroller to determine a position of the 

On/Off Switch when the motor is initially electrically 
connected to the power Source; and 

utilizing the microcontroller to control an amount of 
power provided to the motor based on the position of 
the On/Off Switch when the motor is initially electri 
cally connected to the power Source. 

2. The method of claim 1, wherein utilizing a microcon 
troller to determine the position of an On/Off Switch com 
prises utilizing the microcontroller to Sense whether current 
is flowing through the motor. 

3. The method of claim 1, wherein utilizing a microcon 
troller to determine the position of an On/Off Switch com 
prises utilizing the microcontroller to Sense whether a Volt 
age is present across the motor. 

4. The method of claim 1, wherein electrically connecting 
the motor to a power Source comprises electrically connect 
ing the motor to an AC power Source. 

5. The method of claim 4, wherein utilizing the micro 
controller to control an amount of power provided to the 
motor comprises utilizing the microcontroller to fire an 
electronic valve at a low conduction angle when the motor 
is initially electrically connected to the AC power Source, 
such that power provided to the motor is insufficient for the 
motor to function. 

6. The method of claim 4, wherein utilizing the micro 
controller to control an amount of power provided to the 
motor further comprises utilizing the microcontroller to 
disable normal operation of the motor when the On/Off 
switch is determined to be in a closed (i.e. “On) position 
when the motor is initially connected to the AC power 
SOCC. 

7. The method of claim 6, wherein utilizing the micro 
controller to disable normal operation of the motor com 
prises utilizing the microcontroller to disable normal opera 
tion of the motor until the microcontroller determines the 
On/Off switch is in an open (i.e. Off) position. 
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8. The method of claim 1, wherein electrically connecting 
the motor to a power Source comprises electrically connect 
ing the motor to a DC power Source. 

9. The method of claim 8, wherein utilizing the micro 
controller to control an amount of power provided to the 
motor comprises utilizing the microcontroller to Switch an 
electronic valve at a narrow duty cycle when the motor is 
initially electrically connected to the DC power Source, Such 
that power provided to the motor is insufficient for the motor 
to function. 

10 The method of claim 8, wherein utilizing the micro 
controller to control an amount of power provided to the 
motor further comprises utilizing the microcontroller to 
disable normal operation of the motor when the On/Off 
Switch is determined to be in a closed position when the 
motor is initially connected to the DC power Source. 

11. The method of claim 10, wherein utilizing the micro 
controller to disable normal operation of the motor com 
prises utilizing the microcontroller to disable normal opera 
tion of the motor until the microcontroller determines the 
On/Off Switch is in an open position. 

12. A System for preventing inadvertent startup of a motor 
when the motor is initially electrically connected to a power 
Source while the motor is in an “On operational Status, the 
System comprising: 

a motor control Switch configured to control the opera 
tional Status of the motor; 

an electronic valve configured to control the flow of 
current through the motor when the motor is electri 
cally connected to a power Source; and 

a microcontroller configured to determine a position of 
the motor control Switch when the motor is initially 
connected to the power Source, and control an amount 
of power provided to the motor based on the position of 
the motor control Switch when the motor is initially 
connected to the power Source. 

13. The System of claim 12, further comprising a shunt 
resistor, wherein to determine the position of the motor 
control Switch, the microcontroller is further configured to 
monitor Voltage across the shunt resistor, thereby Sensing 
whether current is flowing through the motor. 

14. The system of claim 12, wherein to determine the 
position of the motor control Switch, the microcontroller is 
further configured to determine the presence or absence of a 
Voltage across the motor. 

15. The system of claim 12, wherein the motor is elec 
trically connected to an AC power Source, and wherein the 
microcontroller is further configured to fire the electronic 
Valve at a low conduction angle when the motor is initially 
connected to the AC power Source, Such that the power 
provided to the motor is insufficient for the motor to func 
tion. 

16. The system of claim 15, wherein the microcontroller 
is further configured to: 

disable normal operation of the motor when the motor 
control Switch is determined to be a closed position 
when the motor is initially connected to the AC power 
Source; and 

continue to disable normal operation of the motor until the 
microcontroller determines that the motor control 
Switch has been placed in an OFF position. 
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17. The system of claim 12, wherein the motor is elec 
trically connected to a DC power Source, and wherein the 
microcontroller is further configured to Switch the electronic 
Valve at a narrow duty cycle when the motor is initially 
connected to the DC power Source, Such that the power 
provided to the motor is insufficient for the motor to func 
tion. 

18. The system of claim 17, wherein the microcontroller 
is further configured to: 

disable normal operation of the motor when the motor 
control Switch is determined to be a closed position 
when the motor is initially connected to the DC power 
Source; and 

continue to disable normal operation of the motor until the 
microcontroller determines that the motor control 
Switch has been placed in an OFF position. 

19. An electro-mechanical System adapted to prevent 
inadvertent operation of the System when the System is 
initially electrically connected to a power Source while the 
System is in an “On operational Status, Said System com 
prising: 

a motor for providing a force used by the System to 
perform a function; 

a control circuit configured to control operation of the 
motor, the control circuit comprising: 
a On/Off Switch configured to control an operational 

status of the motor, 
an electronic valve configured to control the flow of 

current through the motor when the motor is elec 
trically connected to a power Source; and 

a microcontroller configured to Sense at least one of 
whether current is flowing through the motor and 
whether Voltage is present at the motor when the 
motor is initially connected to the power Source, 
thereby determining a position of the On/Off Switch 
when the motor is initially connected to the, and 
control an amount of power provided to the motor 
based on the position of the On/Off Switch when the 
motor is initially connected to the power Source. 

20. The system of claim 19, wherein the system is 
electrically connected to an AC power Source, and wherein 
the microcontroller is further configured to fire the electronic 
Valve at a low conduction angle when the System is initially 
connected to the AC power Source, Such that the power 
provided to the motor is insufficient for the motor to func 
tion. 

21. The system of claim 20, wherein the microcontroller 
is further configured to: 

disable normal operation of the motor when the On/Off 
Switch is determined to be in an On position when the 
motor is initially connected to the AC power Source; 
and 

continue to disable normal operation of the motor until the 
microcontroller determines that the On/Off Switch has 
been placed in an OFF position. 

22. The system of claim 20, wherein the electronic valve 
is a triac. 

23. The system of claim 19, wherein the system is 
electrically connected to a DC power Source, and wherein 
the microcontroller is further configured to Switch the elec 
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tronic valve at a narrow duty cycle when the System is 
initially connected to the DC power Source, Such that the 
power provided to the motor is insufficient for the motor to 
function. 

24. The system of claim 23, wherein the microcontroller 
is further configured to: 

disable normal operation of the motor when the On/Off 
Switch is determined to be in an On position when the 
motor is initially connected to the DC power Supply; 
and 

continue to disable normal operation of the motor until the 
microcontroller determines that the On/Off Switch has 
been placed in an OFF position. 

25. The system of claim 23, wherein the electronic valve 
is an electronic Switching device 

26. A System for preventing inadvertent operation of a 
motor driven device when a motor of the device is initially 
electrically connected to a power Source, the System com 
prising: 

an electronic valve configured to control the flow of 
current through the motor when the motor is electri 
cally connected to a power Source; and 

a microcontroller configured to Sense whether current is 
flowing through the motor when the motor is initially 
connected to the power Source, and disable normal 
operation of the motor if current is Sensed flowing 
through the motor when the motor is initially connected 
to the power Source. 

27. The system of claim 26, further comprising a shunt 
resistor, wherein to Sense whether current is flowing through 
the motor when the motor is initially connected to the power 
Source, the microcontroller is further configured to monitor 
Voltage across the shunt resistor. 

28. The system of claim 26, wherein the motor is elec 
trically connected to an AC power Source, and wherein the 
microcontroller is further configured to fire the electronic 
Vavle at a low conduction angle when the motor is initially 
connected to the power Source, Such that insufficient power 
for motor operation is provided to the motor. 

29. The system of claim 28, wherein the electronic valve 
is a triac. 

30. The system of claim 26, wherein the motor is elec 
trically connected to an DC power Source, and wherein the 
microcontroller is further configured to Switch the electronic 
Valve at a narrow duty cycle when current is Sensed flowing 
through the motor when the motor is initially connected to 
the power Source, Such that insufficient power for motor 
operation is provided to the motor. 

31. The system of claim 30, wherein the electronic valve 
is an electronic Switching device. 

32. The system of claim 26, wherein the microcontroller 
is further configured to continue to disable normal operation 
of the motor until the microcontroller Senses that current has 
Stopped flowing through the motor. 

33. A method for preventing inadvertent startup of a motor 
as the motor is being electrically connected to a power 
Source, Said method comprising: 

electrically connecting the motor to a power Source; 
Sensing whether current is flowing through the motor as 

the motor is being connected to the power Source, 
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thereby determining a position of a motor control 
Switch as the motor is being electrically connected to 
the power Source; and 

providing insufficient power for the motor to function as 
the motor is being electrically connected to the power 
Source by controlling the operation of an electronic 
valve. 

34. The method of claim 33, wherein the method further 
comprises utilizing a control circuit to Sense whether current 
is flowing through the motor as the motor is being electri 
cally connected to the power Source, and to provide insuf 
ficient power for the motor to function as the motor is being 
electrically connected to the power Source. 

35. The method of claim 34, wherein electrically con 
necting the motor to a power Source comprises, electrically 
connecting the motor to an AC power Source. 

36. The method of claim 35, wherein utilizing the control 
circuit to provide insufficient power for the motor function 
comprises utilizing the control circuit to fire an electronic 
Valve at a low conduction angle. 

37. The method of claim 34, wherein electrically con 
necting the motor to a power Source comprises, electrically 
connecting the motor to a DC power Source. 

38. The method of claim 37, wherein utilizing the control 
circuit to provide insufficient power for the motor function 
comprises utilizing the control circuit to Switch an electronic 
Valve at a narrow duty cycle. 
39 The method of claim 34, wherein the method further 

comprises utilizing the control circuit to disable normal 
operation of the motor when the motor control switch is 
determined to be in a closed position as the motor is being 
connected to the power Source. 

40. The method of claim 39, wherein utilizing the control 
circuit to disable normal operation of the motor comprises 
utilizing the control circuit to disable normal operation of 
the motor until the control circuit determines the motor 
control Switch is in an open position. 

41. The method of claim 34, wherein utilizing a control 
circuit to Sense whether current is flowing through the motor, 
and to provide insufficient power for the motor to function 
as the motor is being electrically connected to the power 
Source comprises, utilizing a microcontroller to Sense 
whether current is flowing through the motor as the motor is 
being electrically connected to the power Source, and to 
provide insufficient power for the motor to function as the 
motor is being electrically connected to the power Source. 

42. A method for preventing inadvertent Start-up of a 
motor of a tool when the motor is initially connected to a 
power source while an On/Off Switch for controlling the 
motor is in an “On position, Said method comprising: 

electrically connecting the motor to a power Source; 
Sensing whether a Voltage is present across the motor 
when the motor is initially connected to the power 
Source, thereby determining a position of the On/Off 
Switch when the motor is initially electrically con 
nected to the power Source; and 

providing insufficient power for the motor to function 
when the motor is initially electrically connected to the 
power Source by controlling the operation of an elec 
tronic valve. 

43. The method of claim 42, wherein the method further 
comprises utilizing a control circuit to Sense whether a 
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Voltage is present acroSS the motor, and to provide insuffi 
cient power for the motor to function when the motor is 
initially electrically connected to the power Source. 

44. The method of claim 43, wherein electrically con 
necting the motor to a power Source comprises, electrically 
connecting the motor to an AC power Source. 

45. The method of claim 44, wherein utilizing the control 
circuit to provide insufficient power for the motor function 
comprises utilizing the control circuit to fire a triac at a low 
conduction angle. 

46. The method of claim 43, wherein electrically con 
necting the motor to a power Source comprises, electrically 
connecting the motor to a DC power Source. 

47. The method of claim 46, wherein utilizing the control 
circuit to provide insufficient power for the motor function 
comprises utilizing the control circuit to Switch an electronic 
Switch at a narrow duty cycle. 

48 The method of claim 43, wherein the method further 
comprises utilizing the control circuit to disable normal 
operation of the motor when the On/Off Switch is determined 
to be in a closed position when the motor is initially 
connected to the power Source. 

49. The method of claim 48, wherein utilizing the control 
circuit to disable normal operation of the motor comprises 
utilizing the control circuit to disable normal operation of 
the motor until the control circuit determines the On/Off 
Switch is in an open position. 

50. The method of claim 43, wherein utilizing a control 
circuit to Sense whether Voltage is present at the motor, and 
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to provide insufficient power for the motor to function when 
the motor is initially electrically connected to the power 
Source comprises, utilizing a microcontroller to Sense 
whether Voltage is present at the motor, and to provide 
insufficient power for the motor to function when the motor 
is initially electrically connected to the power Source. 

51. A tool comprising: 
an electric motor; 
an On/Off Switch for controlling the application of power 

to the motor; 
a motor control circuit including: 

a processor for Sensing if a current is flowing through 
the motor Substantially upon coupling a power cord 
of the tool to a power source to thereby detect if the 
On/Off Switch is in a closed position when power is 
initially applied to the tool; and 

an electronic Switch for regulating the application of 
power to the motor to prevent the application of 
sufficient power to the motor for the motor to startup 
when power is initially applied to the tool with the 
On/Off Switch is engaged, and for continuing to 
prevent the application of Sufficient power to the 
motor until the On/Off Switch is first released and 
re-engaged. 


