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AIR COMPRESSOR WITH WARIABLE SPEED 
MOTOR 

REFERENCE TO RELATED APPLICATIONS 

0001. The present invention is related to United States 
Patent Applications entitled “AIR COMPRESSOR TOOLS 
THAT COMMUNICATE WITH AN AIR COMPRESSOR 
(Attorney Docket No. 306364) and “AIR COMPRESSOR 
UTILIZING AN ELECTRONIC CONTROL SYSTEM 
(Attorney Docket No. 306321),” having at least one com 
mon inventor, filed concurrently here with, and hereby incor 
porated by reference in their entireties. 

TECHNICAL FIELD OF THE INVENTION 

0002 The present invention relates generally to power 
tools, and more particularly to air compressors. 

BACKGROUND OF THE INVENTION 

0.003 Air compressors are becoming commonplace in 
home workshops. In general, an air compressor is a machine 
that decreases the Volume and increases the pressure of a 
quantity of air by mechanical means. Air thus compressed 
possesses great potential energy, because when the external 
preSSure is removed, the air expands rapidly. The controlled 
expansive force of compressed air is used in many ways and 
provides the motive force for air motors and tools, including 
pneumatic hammers, air drills, Sandblasting machines, paint 
Sprayers, and others. 
0004. A conventional home workshop air compressor 
includes a Storage tank for compressed air, and a prime 
mover mounted on the compressor tank for compressing the 
air flowing into the compressor tank. The prime mover may 
be a gas engine or an electric motor, but most conventional 
home workshop models utilize electric power. 
0005 The basic components of an electric air compressor 
are an electric motor, a pump, a pressure Switch, and a tank. 
The electric motor powers the pump. The pump compresses 
the air and discharges it into the tank. For conventional air 
compressors, compressed air from the pump is discharged 
through a tube and a check valve into the tank. The check 
Valve prevents air from flowing out of the tank back through 
the tube when the compressor pump is not in operation. The 
tank Stores the compressed air. 
0006 The pressure Switch shuts down the motor and 
relieves air preSSure in the pump and transfer tube when the 
air pressure in the tank reaches an upper level limit, or 
cut-out pressure. AS the compressed air in the tank is used 
and the pressure level in the tank drops to a lower level limit, 
or cut-in pressure, the pressure Switch restarts the motor 
automatically and the pump resumes compressing air. 
0007 Conventional air compressors include a tank pres 
Sure gauge that measures the pressure level of the air Stored 
in the tank. This gauge is not adjustable by the operator, and 
does not indicate line preSSure. A separate line pressure 
gauge is provided for indicating the output pressure. An air 
preSSure regulator is provided to allow a user to adjust line 
preSSure to the tool that is being used. In conventional home 
Style or workshop air compressors, the air pressure regulator 
utilizes a fixed rate Spring and a variable knob. By Screwing 
the knob inward, the force the fixed spring applies to the 
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regulation valve increases. This increase of force opens the 
regulation valve and increases the output of preSSure of the 
air compressor. 
0008 Although conventional air compressors work well 
for their intended purpose, the existence of both the tank 
preSSure and line pressure gauges may be confusing to a new 
user. The variable knob and fixed rate Spring may also be 
confusing, and may be difficult to adjust to a desired output 
preSSure. 

0009. Another problem inherent in the design of the 
mechanical gauges is that the gauges are Susceptible to 
vibration, which all air compressors have. The amplitude of 
the vibration varies with the design of the compressor. 
Vibration Sometimes makes the mechanical pressure gauges 
on conventional air compressors difficult to read. 
0010. One downside to electrical air compressors is that 
they must be designed to operate at conventional circuit 
levels. Most electrical air compressors operate on Standard 
household electrical circuits that in the United States are 
typically rated at 120 Volts and 15 amps. LeSS common but 
still applicable are 120 volts, 20 amp, and 240 volt, 15 amp 
circuits. To prevent overload, air compressors are designed 
to operate at their maximum load point within the least 
common denominator of these circuits. 

0011. Designing a conventional air compressor within the 
limits of existing circuits can cause limitations in the per 
formance of a conventional air compressor. Conventional air 
compressors have fixed speed motors. A typical operating 
characteristic of conventional air compressors, because they 
have fixed speed motors, is that the load on the motor varies 
as the machine runs through its operating pressure. While 
the pump operates at nearly the same Speed throughout its 
range of operation, the load on the motor varies significantly. 
Higher preSSures require more power to run the pump, and 
result in loading the motor to higher horsepower levels. The 
higher horsepower levels correspond to increased amperage. 
The air compressor must be designed So that it can operate 
at the increased amperage level without tripping a circuit. 
Since the air compressor is limited to an electric circuit of a 
certain size, the Overall performance of the machine is 
limited based on the peak amperage used at the maximum 
load. 

0012. Due to manufacturing tolerances causing Some 
degree of variation in the load from air compressor to air 
compressor, most conventional air compressors are not 
designed at the absolute maximum performance (i.e., 15 
amps). AS in conventional fixed speed air compressors, the 
nominal rating would be Somewhat leSS So that all machines 
would fall within an acceptable range, Such as 14.2 to 14.9 
amps. Thus, many air compressors are not capable of 
drawing amps that are available for the air compressor. 

SUMMARY OF THE INVENTION 

0013 The following presents a simplified summary of 
Some embodiments of the invention in order to provide a 
basic understanding of the invention. This Summary is not an 
extensive overview of the invention. It is not intended to 
identify key/critical elements of the invention or to delineate 
the Scope of the invention. Its Sole purpose is to present Some 
embodiments of the invention in a Simplified form as a 
prelude to the more detailed description that is presented 
later. 
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0.014. In accordance with an embodiment, a pneumati 
cally controlled regulator is provided for controlling output 
preSSure for an air compressor. In an embodiment, the 
pneumatically controlled regulator utilizes a pneumatic con 
troller that provides air on the back side of a cylinder for a 
regulator. Varying the air pressure provided by the pneu 
matic controller provides a similar function to the fixed rate 
Spring and variable knob of prior art regulator designs. Thus, 
the pneumatic controller functions as an air Spring. By 
increasing or decreasing the air pressure on the back Side of 
the piston for the regulator, the pneumatic controller can 
control the preSSure in the cylinder and thus control the 
output pressure of the air compressor. In an embodiment, the 
air pressure is controlled electronically via an easily under 
stood user interface. 

0.015. In accordance with an embodiment, an electroni 
cally simulated regulator may be provided to control output 
preSSure of the air compressor. In an embodiment, the 
electronically simulated regulator utilizes a Solenoid valve 
that is closed and opened via a pulse width modulation 
Signal. The Solenoid valve is rapidly opened and closed in 
accordance with the pulse width modulation Signal So as to 
allow air from the tank to be provided as output pressure of 
the air compressor. The pulse width modulation signal is 
varied So that the average pressure over time equals the 
desired preSSure. 

0016. In accordance with an embodiment, an air com 
preSSor includes digital gauges to replace conventional 
mechanical gauges. In addition, a user interface for the air 
compressor may include presets for Selected operating pres 
Sures, an indicator to show what operating pressure at which 
the air compressor is operating, and/or pressure Selector 
buttons for increasing or decreasing the pressure. The digital 
display may show both regulator and tank preSSure, or may 
be Switched to show only one, eliminating confusion for 
many users. 

0.017. In accordance with another embodiment, an air 
compressor may include a variable speed motor, which in 
turn varies the Speed of the pump. Varying the Speed of the 
motor permits the motor to operate at its maximum potential 
at all preSSures. In addition, noise produced by the compres 
Sor is directly proportional to the Speed of the pump; thus, 
by varying the Speed of the pump, the noise produced may 
be minimized at all pressures. User interface controls may be 
provided for varying the motor Speed, or for Setting a 
particular operation of the motor, Such as maximum mode, 
quiet mode, or optimum mode. In maximum mode, the 
motor draws the maximum amperage available. In quiet 
mode, the motor runs below maximum amperage but at a 
Sufficient Speed to produce Sufficient preSSure, and at opti 
mum mode the motor runs at a Speed to maintain the tank at 
a pressure just above or equal to the pressure Set by a user. 

0.018. In accordance with an embodiment, tools are pro 
Vided for an air compressor that are capable of transmitting 
a signal to the air compressor indicating a desired pressure 
and/or motor Speed at which the air compressor is to operate. 
The tool may send the Signal via a wireless connection, Such 
as via infrared or radio frequency Signals or, in an embodi 
ment, may transfer the Signal through a signal carrying 
pneumatic hose. If a Signal carrying pneumatic hose is 
utilized, wires may extend along the hose, Such as a neutral 
wire and a hot wire. The wires may terminate at couplings 
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at opposite ends of the hose. Each wire is provided a contact 
that makes a connection with another contact on a plug at the 
tool (one end) and the air compressor (the opposite end). 
0019. In an embodiment, the signal provided by the tool 
is a resistance provided by the tool in a circuit that includes 
a resistor. The air compressor utilizes a lookup table to 
determine the necessary operating functions of the air com 
preSSor with respect to the resistance provided by the tool. 
In an embodiment, the tool may include a rheostat that 
allows the user to vary the resistance and thus change the 
operation of the air compressor. 
0020. Other features of the invention will become appar 
ent from the following detailed description when taken in 
conjunction with the drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 FIG. 1 is a perspective view showing an air com 
preSSor incorporating aspects of the present invention; 
0022 FIG. 2 is a diagrammatic view of components of 
the air compressor of FIG. 1 in accordance with an embodi 
ment, 

0023 FIG. 3 is a diagrammatic view of a pneumatic 
controller and regulator that may be used with the air 
compressor of FIG. 1 in accordance with an embodiment; 
0024 FIG. 4 is a diagrammatic view of the regulator of 
FIG. 3, with a valve for the regulator closed; 
0025 FIG. 5 is a diagrammatic view of the regulator of 
FIG. 3, with a valve for the regulator closed and a piston for 
the regulator raised; 
0026 FIG. 6 is a diagrammatic view of an alternate 
embodiment of a electronically simulated regulator that may 
be used to control output pressure of the air compressor of 
FIG. 1 in accordance with an embodiment; 
0027 FIG. 7 is a graph indicating pressure versus time 
for the electronically simulated regulator of FIG. 6 in 
accordance with one embodiment; 

0028 FIG. 8 is a user interface that may be used with the 
air compressor of FIG. 1 in accordance with an embodi 
ment, 

0029 FIG. 9 is an alternate embodiment of a user inter 
face that may be used with the air compressor; 
0030 FIG. 10 is a diagrammatic view of components of 
an air compressor that may be utilized to provide a variable 
Speed motor in accordance with an embodiment; 
0031 FIG. 11 is a diagrammatic view of an alternate 
embodiment of components of an air compressor that may 
be utilized to provide a variable speed motor; 
0032 FIG. 12 is a flow chart generally showing steps for 
optimum mode of the air compressor in accordance with an 
embodiment of the invention; 
0033 FIG. 13 is a flow chart generally showing steps for 
using predictive behavior in operation of an air compressor 
in accordance with an embodiment of the invention; and 
0034 FIG. 14 is a flow chart generally showing steps for 
bringing the motor slowly up to Speed in accordance with an 
embodiment of the invention; 
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0.035 FIG. 15 is a diagrammatic example of a tool and an 
air compressor wherein the tool provides information to the 
air compressor in accordance with an embodiment of the 
invention; 
0036 FIG. 16 is an exploded view of an end of a hose for 
connecting the tool of FIG. 15 with a compressor, the end 
including a coupler in accordance with an embodiment of 
the invention; 
0037 FIG. 17 is an assembled view of the coupler of 
FIG. 16; 

0.038 FIG. 18 is a sectional view taken along the section 
lines 18-18 of FIG. 17; 
0.039 FIG. 19 is a perspective view of a plug incorpo 
rating a variable Signal generator in accordance with an 
embodiment of the invention; 
0040 FIG. 20 is a diagrammatic representation of a 
variable Signal generator in accordance with an alternate 
embodiment. 

DETAILED DESCRIPTION 

0041. In the following description, various embodiments 
of the present invention will be described. For purposes of 
explanation, Specific configurations and details are Set forth 
in order to provide a thorough understanding of the embodi 
ments. However, it will also be apparent to one skilled in the 
art that the present invention may be practiced without the 
Specific details. Furthermore, well-known features may be 
omitted or simplified in order not to obscure the embodiment 
being described. 
0.042 Referring now to the drawings, in which like 
reference numerals represent like parts throughout the Sev 
eral views, FIG. 1 shows an air compressor 20 incorporating 
aspects of the present invention. The air compressor 20 
includes a tank 22 with a shroud 24 mounted thereon. 
Internal components are mounted in the Shroud 24, one 
embodiment of which is shown diagrammatically in FIG. 2. 
0043. The tank 22 for the air compressor 20 is, for 
example, a 20-gallon cylindrical compressor tank. The tank 
22 shown in the drawings is oriented in a horizontal position. 
However, aspects of the present invention may be utilized 
for an air compressor having a compressor tank that is 
aligned vertically or in another direction. Moreover, the 
shape of the tank 22 is not critical, and may be cylindrical, 
pancake-shaped, or may have one of many other profiles. 
0044) Included among the internal components is a pres 
Sure Sensor, Such as a transducer 26, and a controller 28. A 
user interface 30 is connected to the controller 28. The 
controller 28 determines operation of a drive 32, which in 
turn determines operation of a motor 34. A pump 36 is 
connected to the motor 34 and to the tank 22. 

0.045. In accordance with an embodiment, the controller 
28 is connected to a pneumatic controller 38 (FIG. 3) and a 
regulator 40. In this embodiment, the pneumatic controller 
38 and the regulator 40 are utilized to control output pressure 
of the air compressor 20. 
0.046 Generally described, the pneumatic controller 38 is 
configured to provide air preSSure to the regulator 40 and 
acts as an air Spring for the regulator 40 to control air 
pressure provided by the regulator 40. In an embodiment, 
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the pneumatic controller 38 is provided pressurized air by 
the tank 22, and as further described below, utilizes that 
preSSurized air to control the pressure of air flowing out of 
the regulator 40. However, air pressure may be Supplied to 
the pneumatic controller 38 from another air pressure Source 
other than the tank 22, and may utilize a different configu 
ration than the pneumatic controller 38 shown in the draw 
IngS. 

0047. In the embodiment shown in the drawings, the 
pneumatic controller 38 includes an input pressure gauge 42, 
Such as a pressure transducer. An input Solenoid valve 44 is 
positioned in fluid communication with the input preSSure 
gauge 42 and is positioned to enclose an opening 45. A 
spring 46 biases the input Solenoid valve 44 into contact with 
and closes the opening 45. A solenoid 48 is provided that is 
operable to open the input solenoid valve 44 to allow air to 
flow through the opening 45. 
0048. An internal pressure gauge 50 is provided in the 
pneumatic controller 38 and is in fluid communication with 
the opening 45. The internal pressure gauge 50 may also be 
a pressure transducer, but other gauges may be provided. 
0049. The Solenoid 48, the input pressure gauge 42, and 
the internal pressure gauge 50 are configured So that opera 
tion of the Solenoid is based upon pressure measured by the 
input preSSure gauge. To this end, the input preSSure gauge 
42, the internal pressure gauge 50, and the Solenoid 48 may 
be connected to the controller 28 for control thereby, or may 
otherwise be controlled. 

0050. An output Solenoid valve 52 is in fluid communi 
cation with the internal preSSure gauge 50 and is biased 
against an opening 53 by a spring 54. A Solenoid 56 is 
provided for opening the output Solenoid valve 52 against 
the spring 54. Opening the output solenoid valve 52 allows 
air to flow out of an outlet 58. The Solenoid 56 and the 
internal pressure gauge 50 are configured So that operation 
of the Solenoid 56 is based upon pressure measured by the 
internal preSSure gauge. 

0051. The internal pressure gauge 50 is in fluid commu 
nication with a regulator conduit 60. The regulator conduit 
60, in turn, is in fluid communication with a cylinder 72 of 
the regulator 40. A free floating piston 74 is mounted in the 
cylinder 72. The piston 74 may be a rigid structure or a 
flexible structure, such as a diaphragm. A hollow shaft 76 is 
connected to the free floating piston 74 and an opening 78 
extends from the internal portion of the hollow shaft 76 to 
the opposite side of the free floating piston 74. 
0052 The hollow shaft 76 is positioned to engage a valve 
80 in the regulator 40. The valve 80 is biased to close an 
opening 81 by a Spring 82. 

0053 An air inlet conduit 84 is in fluid communication 
with the valve 80. The air inlet conduit 84 is connected to the 
tank 22 for providing pressurized air to the regulator 40. An 
air outlet 86 is connected in fluid communication with the 
cylinder 72 of the regulator 40. 
0054. In operation, an operating pressure for the air 
compressor 20 is set, for example via the user interface 30. 
AS an example, a user may set an operating preSSure of the 
air compressor 20 to be 60 pounds per square inch ("PSI") 
for the output pressure of the air compressor 20. The 
pneumatic controller 38 utilizes this information to provide 
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the appropriate air preSSure through the regulator conduit 60 
to the regulator 40. AS an example, the pneumatic controller 
38 may set 59 PSI as a lower input pressure for the internal 
preSSure gauge 50 and 61 PSI as an upper pressure for the 
internal pressure gauge 50. If pressure Supplied by the 
regulator conduit 60 is below the inlet pressure (i.e., in this 
example, 59 PSI), then the internal pressure gauge 50 sends 
a signal to the Solenoid 48 (e.g., through the controller 28) 
to open the input Solenoid valve 44, increasing the preSSure 
supplied to the regulator conduit 60. When the lower pres 
Sure is exceeded, the internal pressure gauge 50 Sends a 
Signal for the input Solenoid 48 to close the input Solenoid 
valve 44. 

0.055 If the pressure supplied by the regulator conduit 60 
exceeds the upper pressure threshold (e.g., in this example, 
61 PSI), then the internal pressure gauge 50 instructs the 
Solenoid 56 to open the output Solenoid valve 52, allowing 
air to flow out of the outlet 58. In this manner, the two 
pressure gauges 42,50 and the Solenoids 48, 56 can maintain 
an appropriate pressure range within the regulator conduit 
60. 

0056. The pressure in the regulator conduit 60 applies 
preSSure against the upper portion of the free floating piston 
74 in the regulator 40. If this pressure exceeds the pressure 
below the free floating piston 74, then the free floating piston 
74 is biased downward, for example to the position shown 
in FIG. 3, causing the hollow shaft 76 to drive the valve 80 
open, increasing air flow into the cylinder 72 and preSSure on 
the back side of the free floating piston 74. This air flow 
continues into the cylinder 72 until equilibrium is slightly 
exceeded; i.e., until the pressure on the top of the free 
floating piston 74 is slightly leSS than the pressure on the 
bottom of the free floating piston 74. 
0057 When this happens, the free floating piston 74 is 
driven upward until the valve 80 closes the opening 81. At 
this point, equilibrium is reached between the pressure 
provided by the pneumatic controller 38 and the pressure on 
the underside of the free floating piston 74. In this manner, 
the outflow pressure out of the air outlet 86 is equal to the 
pressure set for the pneumatic controller 38. This position of 
the regulator 40 is shown in FIG. 3. 
0.058 If, after the valve 80 has been closed, the pressure 
on the bottom side of the free floating piston 74 exceeds the 
preSSure on the top Side of the free floating piston 74, then 
the free floating piston 74 is driven upward until the bottom 
portion of the hollow shaft 76 is unseated from the top of the 
valve 80. This position of the regulator 40 is shown in FIG. 
5. In this position, air is free to flow through the hollow shaft 
76 and out of the opening 78 in the free floating piston 74. 
This air potentially increases the pressure on the top side of 
the free floating piston 74 and in the regulator conduit 60. If 
this pressure causes the pressure to exceed the upper pres 
Sure for the internal preSSure gauge 50, then the internal 
preSSure gauge 50 can Signal the Solenoid 56 to open the 
output Solenoid valve 52, allowing air to escape out of the 
outlet 58. This air may continue to escape until the air 
preSSure returns to equilibrium on opposite Sides of the free 
floating piston 74. AS the pressure on the underSide of the 
free floating piston 74 lowers, then the free floating piston 74 
moves back downward to the position shown in FIG. 4. As 
Stated above, this position is equilibrium, where the output 
preSSure at the air outlet 86 is within the pressure range Set 
by the pneumatic controller 38. 
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0059 AS can be understood, the pressure gauges 42, 50 
may operate with the Solenoids 48, 56 to continually 
approach equilibrium within the regulator 40. In this man 
ner, the pneumatic controller 38 may set and maintain output 
pressure for the regulator 40. 

0060 An alternate embodiment of a controller for output 
pressure of the air compressor 20 is shown in FIG. 6. In this 
embodiment, an electronically simulated regulator 100 is 
placed in line between the tank 22 to control output preSSure 
of the air compressor 20. The electronically simulated 
regulator 100 is connected to the controller 28. The control 
ler 28 may operate the pump 36 and the motor 34 (not shown 
in FIG. 6). The electronically simulated regulator 100 
includes an input pressure gauge 104 in fluid communication 
with the tank 22. A valve 106 is biased to close an opening 
108 in fluid communication with the tank 22. The valve 106 
is biased by a spring 110 to close the opening 108. A 
Solenoid 112 is positioned to actuate the valve 106 against 
the bias of the spring 110 and to permit air to flow through 
the opening 108. An output pressure gauge 114 is in fluid 
communication with the opening 108. An outlet 116 is also 
in fluid communication with the opening 108. 
0061. In the embodiment shown, the controller 28 utilizes 
a pulse width modulation Signal to operate the Solenoid 112. 
The pulse width modulation signal Sends rapid on and off 
Signals to the Solenoid 112, causing it to Swiftly open and 
close. 

0062. The speed at which the Solenoid 112 opens and 
closes the valve 106 and/or the amount of time the valve 
stays closed depends upon the desired output pressure of the 
electronically simulated regulator 100 and the pressure of 
the tank 22. The pressure of the tank 22 is measured by the 
input pressure gauge 104. A determination if the output 
preSSure is at the desired level is made by the output preSSure 
gauge 114. 

0063. In operation, the controller 28 sends a signal to 
open and close the Solenoid 112 based upon information 
received by the input preSSure gauge 104 and the output 
preSSure gauge 114, utilizing an average of pressure Supplied 
to the outlet 116 to determine the open and close rate of the 
Solenoid 112. 

0064. For example, if the desired output pressure is 75 
PSI and the tank pressure is 150 PSI, then the Solenoid 112 
is preferably open one-half of the time. By rapidly closing 
and opening the valve 106, the preSSure Supplied through the 
opening 108 is alternatingly 150 PSI and 0 PSI, averaging to 
75 PSI. An initial period may be needed where the valve 106 
is opened for an extended time to reach the desired pressure. 
By rapidly opening and closing the Solenoid 112, the output 
preSSure very closely approximates the average. In contrast, 
if long periods of delay were to occur between opening and 
closing of the valve 106, then bursts of high pressure and 
low pressure would be supplied to the outlet 116, which 
would be undesirable for a tool. 

0065. The amount of time that the Solenoid 112 opens the 
valve 106, the amount of time the Solenoid 112 keeps the 
valve 106 closed, and the gap between these times, may be 
controlled by the controller 28 to reach a desired output 
preSSure. This output pressure may be monitored using the 
output pressure gauge 114. If the output pressure is much 
lower than the desired output pressure, then the printed 
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circuit board 102 may instruct the Solenoid 112 to average a 
preSSure that is higher than the desired pressure. For 
example, if an output pressure of 60 PSI is desired, and the 
existing output pressure is 40 PSI, then the printed circuit 
board 102 may instruct the Solenoid 112 to open the valve 
106 half of the time (theoretically supplying 75 PSI, as 
described above). This pattern of opening and closing the 
Solenoid 112 may be continued until the output preSSure 
closely approximates the desired output pressure as indi 
cated by the output preSSure gauge 114. At this time, the 
Solenoid 112 may be instructed to be open less of the time, 
for example 40 percent of the time, which is equal to the 
percentage of the tank pressure. 
0.066 FIG. 7 shows a graph indicating pressure versus 
time for the electronically simulated regulator 100 in accor 
dance with one example. In the example, the initial pressure 
supplied by the electronically simulated regulator 100 is a 
constant 150 PSI. The Solenoid 112 is closed at that time, 
and then cycling of the Solenoid 112 occurs to maintain an 
appropriate average. The time that the Solenoid 112 main 
tains the valve 106 in an closed or opened position may also 
be varied to control the average pressure beyond this point. 
0067. In accordance with an embodiment, the user inter 
face 30 may include a digital gauge to replace conventional 
mechanical pressure gauges. As an example, a user interface 
120 in accordance with an embodiment is shown in FIG. 8. 
The user interface 120 is connected to the controller 28 and 
provides appropriate Signals in a manner known in the art of 
user interfaces. 

0068 The user interface 120 includes a digital display 
122. In the embodiment shown, there are two preset buttons 
124, 126. The preset buttons 124, 126 represent selected 
operating pressures at which the air compressor 20 may 
operate, for example one of the preset buttons 124 may 
represent operating the air compressor 20 So that the output 
pressure is 60 PSI. Selecting this preset button 124 results in 
the air compressor 20 operating at this air pressure. This 
button 124 may be used, for example, to Set the operating 
pressure of the pneumatic controller 38. Alternatively, the 
preset button 124 may be used to Set the operating preSSure 
of the electronically simulated regulator 100, or another 
System that provides pressure for an air compressor Such as 
the air compressor 20. AS another example, a motor may be 
used to rotate the existing dial for conventional air com 
preSSors. 

0069. The second preset button 126 may represent a 
second pressure, such as 90 PSI, at which the air compressor 
20 operates. These preset buttons 124, 126 may be set to 
particular preSSures at a factory, and may be static, or may 
be changeable by a user, for example by pressing and 
holding one of the preset buttons 124, 126 at a particular 
pressure. Indicators 128, 130 may be provided to indicate 
that one of the preset pressures has been Selected. 
0070. In the embodiment shown, pressure selector but 
tons 132,134 are provided. The pressure selector button 132 
allows a user to increase pressure of the air compressor 20, 
and the pressure selector button 134 allows the user to 
decrease pressure. A bar indicator 136 may be provided to 
indicate the existing Selected operating preSSure relative to 
minimums and maximums. A user may use the pressure 
selector buttons 132,134 to set the operating pressure of the 
air compressor 20, for example via the pneumatic controller 
38 or the electronically simulated regulator 100. 
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0071. In accordance with an embodiment, the digital 
display 122 shows only one of the regulator pressure or the 
tank preSSure, thus alleviating confusion for the user. For 
example, the default mode may be showing regulator pres 
Sure, and then a user may press a tank button 138 causing 
tank preSSure to be displayed. The tank preSSure may be 
displayed while the user is holding the tank button 138, or 
touching the tank button 138 may cause the display to toggle 
between regulator preSSure to tank pressure. Holding the 
tank button 138 for a prolonged time (e.g., 3 Seconds) may 
also cause the display to Stay in tank pressure mode. If 
desired, indicators may be provided to indicate which pres 
Sure is being displayed, Such as a regulator indicator 140 and 
a tank indicator 142. A power button 144 may also be 
provided on the user interface 120. 
0072 A user interface 150 in accordance with another 
embodiment is shown in FIG. 9. The user interface 150 also 
includes a digital display 152, two preset buttons 154, 156 
and associated indicators 158, 160, and pressure selector 
buttons 162,164. A bar indicator 166 may also be provided 
for indicating a particular preSSure, and a tank button 168 
with associated regulator and tank indicators 170,172 is also 
provided in the shown embodiment. 
0073. The user interface 150 also includes motor speed 
selection buttons 174, 176. These motor speed selection 
buttons 174, 176 allow the user to select a motor speed of the 
air compressor 20 in accordance with an embodiment. This 
embodiment is further described below. A bar indicator 178 
may be provided for indicating the Selected motor Speed. In 
addition, buttons may be provided for particular operating 
modes of the motor. In the example shown, a quiet mode 
button 180, a maximum mode button 182, and an optimum 
mode button 184 are provided. Again, the functions of these 
buttons 180, 182, 184 are further described below. 
0074 The user interfaces 120 and 150, although provided 
as Single panels, may be provided as multiple panels with the 
various components spread over the multiple panels. Thus, 
although each is shown as a Single, “user interface' as used 
herein is meant to cover at least one, and perhaps multiple, 
interaction locations for a user. 

0075. In accordance with an embodiment, a variable 
Speed motor 34 is provided for an air compressor, Such as the 
air compressor 20. Generally described, the variable speed 
motor permits the pump 36 to operate at different Speeds, 
and allows a variety of different operations for the motor, 
described below. 

0.076 FIG. 10 shows an embodiment of internal compo 
nents of the air compressor 20 that may be utilized to 
provide a variable speed motor, such as the motor 34. In the 
embodiment, the controller 28 communicates to the drive 32 
that, in turn, controls the Speed of the motor 34 and the pump 
36. In this embodiment, a lookup table 200 is utilized in 
which pump and motor loading characteristics are mapped 
and loaded into the lookup table 200. The lookup table 200 
may be used, for example, to drive the motor 34 at prede 
termined speeds based upon known loading characteristics 
of the pump 36 and the motor 34. The lookup table 200 may 
additionally or alternatively be used to Set motor Speeds 
based upon the operating pressure measured at the tank 22 
by the pressure transducer 26. For example, if the preSSure 
at the tank 22 is 100 PSI and the desired pressure is 120 PSI, 
the pressure transducer 26 signals to the controller 28 this 
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preSSure, and the controller 28 looks up the appropriate 
motor speed in the lookup table 200, and provides that 
information to the drive 32, which, in turn, instructs the 
motor 34 to operate at a particular speed. The Speed for the 
motor 34 may also be determined based upon the desired and 
present output pressures of the air compressor 20, as is 
further described below. 

0077. A second embodiment of internal components for 
an air compressor Such as the air compressor 20 having a 
variable speed motor 34 is shown in FIG. 11. In this 
embodiment, a current transducer 202 is utilized in the 
electrical Supply circuit that measures current consumption. 
The current consumption may be, for example, used to drive 
the motor 34 and the pump 36 at the highest possible speeds 
without exceeding the limitations of the electrical circuit. 
The benefit of this System is that it compensates for manu 
facturing tolerances, and allows peak performance to be 
obtained from every machine. 
0078. In either embodiment, if desired, an amp selection 
Switch 204 may be provided for permitting a user to set the 
speed of the motor 34 manually by setting the amount of 
amps the motor may draw. This may be done, for example, 
via the motor speed selectors 174, 176 on the user interface 
150 in FG 9. 

0079 The amp selection Switch 204 provides advantages 
over fixed speed air compressors. In conventional air com 
preSSors, the pump and motor are sized to provide the 
maximum possible air flow. This feature means that the 
pump and the motor are optimized to take full advantage of 
the electrical circuit that the air compressor is designed for. 
While this is desirable for many situations, there are occa 
sions where limited power is available, and lower flow 
would be acceptable. An example of this is a construction 
application when power is first brought up to the job site and 
multiple electrical tools are run on a single circuit. A typical 
air compressor would overload the circuit if it required the 
full 15 amps available and another tool is in use at the same 
time on the same circuit. 

0080 Since the load on the motor (and hence the amper 
age required to tun it) are proportional to speed, variable 
Speed would permit the Selection of lower maximum amper 
age with the appropriate controls. An example of the appro 
priate control would be amp selection switch 204. 
0081. Operating the air compressor 20 at lower amperage 
causes lower air flow for the pump 36. However, as 
described above, if the current transducer 202 is used, the 
controller 28 may be configured so that speed is varied to the 
motor 34 to keep amperage and horse power at a predeter 
mined level that maximizes output of the compressor pump. 
In this manner, Significantly higher air flows can be achieved 
at lower preSSures. There is a slight Sacrifice of performance 
at maximum load points of the machine caused by losses 
associated with the drive system. However, overall system 
performance is improved. Thus, although the pump 36 
operates at lower amperage, the tank 22 may be filled faster, 
especially at lower loads. However, if the amperage is dialed 
down to a Small enough number, it may take more time to 
fill the tank 22. Nevertheless, the air compressor 20 is still 
capable of operating with higher performance and utilizing 
leSS amperage. 
0082 If desired, the amp selection Switch 204 may also 
be configured So that it may dial amperage up to higher than 
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normal, Such as 20 amps for newer home construction. This 
would permit a variable Speed air compressor to be used on 
any circuit because the user could Select the appropriate 
amperage. 

0083) Selecting the appropriate amperage also provides 
another benefit, in that the user may cause the air compressor 
20 to run more quietly. As stated above, the slower the motor 
34 runs, the more quiet the air compressor 20. Thus, the user 
may run the air compressor 20 in lower amperage to run the 
air compressor 20 in a more quiet operation. The user may 
do this through Setting the motor 34 to a lower Speed, Such 
as via the motor speed selector buttons 174, 176 on the user 
interface 150, or by Selecting a quiet mode by pressing the 
quiet mode button 180. The quiet mode button 180 may 
cause the air compressor 20 to run at a fixed amperage, Such 
as at 10 amps, or may enable the motor Speed Selector 
buttons 174, 176 so that lower speeds of the motor may be 
used. 

0084 Another advantage of the use of a variable speed 
motor, such as the motor 34, is that the air compressor 20 
may be set to operate at an optimal pressure. That is, the 
preSSure for the tank 22 may be set to a pressure that is 
Slightly above the pressure needed for a given tool. For 
example, if a tool needs 90 PSI, then the air compressor 20 
may be configured to operate to maintain the tank 22 at 100 
PSI. In this example, the System is configured So that as 
preSSure in the tank 22 depletes and goes below the target, 
for example to 99 PSI, the motor 34 and pump 36 go faster. 
As the pressure in the tank 22 increases, the motor 34 is 
slowed until it reaches an upper, cut-out pressure, for 
example 101 PSI, at which the motor 34 will ultimately stop. 
This operation could result in achieving Steady State where 
the motor 34 runs continuously at the appropriate Speed for 
the task. 

0085. As usage changes, the speed would automatically 
change to match that of the use. An advantage of this System 
is that under conditions of intermittent use, the pump 36 
could continue to run at lower Speed overall, but Still Supply 
ample compressed air for the user. 
0086). If desired, to provide this function, a pressure 
selector Switch 206 may be provided. This pressure selector 
Switch may be Selectable by the user, or may automatically 
be implemented when the compressor is operating in a 
particular mode, Such as optimum mode. Optimum mode 
may be selected, for example, by pressing the optimum 
mode button 184, which may, for example, result in the 
motor 34 running at Sufficient Speeds to maintain the tank 
preSSure at a given level, e.g., 5 PSI, above the desired 
output pressure. Optimum mode may also be automatically 
utilized by an air compressor Such as the air compressor 20, 
or may be Selected in another manner. 
0087. In optimum mode, if demand exceeds the capacity 
of the pump 36, the tank 22 will be depleted to a point where 
the preSSure drops below the needed pressure for the tool. In 
this scenario, the controller 28 may set the motor 34 to 
operate at the maximum until desired pressure within the 
tank 22 is achieved. 

0088 Operating the compressor in the optimum mode 
permits the compressor to operate at a lower Speed, which is 
typically much quieter, as described above. Thus, although 
the air compressor 20 will often run for longer periods of 
time, it will be at a lower Speed, and thus at a much lower 
overall noise level. 
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0089. In addition, faster speeds generally result in higher 
operating temperatures which shorten the life of an air 
compressor 20. Since the pump 36 displaces the same 
amount of air regardless of the Speed, the piston would 
theoretically Stroke the same number of times to produce a 
given quantity of compressed air. The fact that the piston is 
doing So at a slower Speed to match use increases the uSable 
life of the air compressor 20. 
0090 FIG. 12 is a flow chart generally showing steps for 
optimum mode in accordance with an embodiment of the 
invention. Beginning at Step 1200, a user Selects optimum 
mode, for example by dialing in a tank preSSure via the 
preSSure Selector Switch 206, or by pressing the optimum 
mode button 184. The user then selects (if not already 
Selected), or the air compressor automatically sets, the 
desired tank pressure TP (e.g., 100 PSI) at step 1202. 
0.091 At step 1204, a determination is made whether the 
current tank pressure TP is greater than the desired tank 
pressure TP. If so, step 1204 branches to step 1206, where a 
determination is made whether the current tank pressure TP 
minus the desired tank pressure TP is greater than one (i.e., 
the current tank pressure TP is greater than 101 in this 
example). If so, then step 1206 branches to step 1208, where 
the motor is shut off. The process then loops back to Step 
1204, where monitoring continues. 
0092) If the current tank pressure TP minus the desired 
tank pressure TP is not greater than one, then the present 
current limit CL is set to the previous current limit minus 
0.2 AMPS at step 1210. This slows the motor in an effort to 
get the current tank pressure TPo back to the desired tank 
pressure TP. The process then loops back to step 1204. 
0093. If the current tank pressure TP is not greater than 
the desired tank pressure TP, then step 1204 branches to step 
1212, where a determination is made whether the desired 
tank pressure TP minus the current tank pressure TP is 
greater than one (i.e., in this example, less than 99 PSI). If 
so, step 1214 branches to step 1216, where the present 
current limit CLo is set to maximum (i.e., the motor 34 is set 
to operate at maximum speed). The process then loops back 
to step 1204. 
0094. If the desired tank pressure TP minus the current 
tank pressure TP is not greater than one, then Step 1214 
branches to step 1218, where the present current limit CLo 
is set to the previous current limit minus 0.2 AMPS (i.e., the 
motor 34 is slowed down. The process then loops back to 
step 1204. 
0.095 To provide the operations herein, the controller 28, 
an electronic control System, or an electronic controller may 
be any device or mechanism used to regulate or guide the 
operation of the air compressor 20 and/or its components, 
and/or may be a device that utilizes computer-executable 
instructions, Such as program modules. Generally, program 
modules include routines, programs, objects, components, 
data Structures, and the like, that perform particular tasks or 
implement particular abstract data types. In addition, 
although a single controller 28 is described, more than one 
controller may be used for the operations described herein, 
and/or operations of the controller may spread over multiple 
controllers. 

0096. The controller 28 may also be configured to utilize 
predictive behavior so that the air compressor 20 may 
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operate in a more efficient manner. Standard conventional 
fixed Speed air compressors rely on a pressure Switch with 
two set points, a cut-in and cut-out point, to control the on 
and off cycling of the motor. Due to limitations in the 
designs of these Switches, they typically have a 25-30 PSI 
span within which the compressor operates. This means that 
as air is used in the tank, nothing will happen until the 
preSSure drops below the lower Set point or cut-in pressure. 
Likewise, once running, the motor will continue to run, full 
Speed, until the upper Set point or cut-out preSSure is 
reached. 

0097. With the use of the variable speed motor 34, since 
the pressure transducer 26 measures and reports the preSSure 
in the tank 22 over an infinite Scale, predictive behavior can 
be part of the logic controlling the System. For example, if 
air pressure is dropping rapidly due to high use, the motor 
34 can come on at full Speed long before the traditional 
cut-in pressure is reached to try to counteract the depleting 
Supply of pressurized air. Likewise, if the tank pressure is 
only dropping Slowly, the machine may run at a slower 
Speed to increase the preSSure. 
0.098 FIG. 13 is a flow chart generally showing steps for 
using predictive behavior in accordance with an embodi 
ment of the invention. Using step 1206 as an example, if the 
current tank pressure TP minus the desired tank pressure TP 
is not greater than one, then instead of branching to Step 
1210, the process branches to steps 1300-1308, where 
predictive behavior is used. If the current tank pressure TP 
minus the just previous tank pressure TP is greater than or 
equal to 0.3 PSI, then the present current limit CL is set to 
the previous current limit CL minus 0.6 AMPS at step 1302. 
The process then loops back to step 1204. 

0099] If the current tank pressure TP minus the just 
previous tank pressure TP is less than 0.3 PSI, then step 
1300 branches to step 1304, where a determination is made 
whether the current tank preSSure TPo minus the just previ 
ous tank pressure TP is greater than or equal to 0.2 PSI. If 
so, step 1304 branches to step 1306, where the present 
current limit CL is set to the previous current limit CL 
minus 0.4 AMPS. The process then loops back to step 1204. 
0100 If the current tank pressure TP minus the just 
previous tank pressure TP is less than 0.2 PSI, then step 
1304 branches to step 1308, where the present current limit 
CL is set to the previous current limit CL minus 0.2 AMPS. 
The process then loops back to step 1204. 
0101 AS can be seen by the process in FIG. 13, the speed 
of the motor 34 is incremented more if the change in 
preSSure is greater. In this manner, the motor Speed may react 
according to the load on the motor. The motor Speed may 
Similarly be adjusted if the pressure in the tank is lowering. 
The changes in motor Speed in FIG. 13 are one example, and 
the motor Speed changes may be more or leSS dramatic, and 
do not have to be linear with respect to pressure changes. 

0102) Use of a variable speed motor 34 provides another 
benefit. Induction motors, especially those with high Speed 
horsepower ratings, draw an extraordinary amount of power 
when starting. For example, a two (2) peak horsepower 
induction motor will typically draw in excess of 100 amps 
until the motor gets up to Speed and Settles in at the normal 
operating conditions of less than 15 amps. Circuit breakers 
and Some special fuses are designed for this initial inrush of 
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current, although the conditions may be marginal, the result 
is often tripping of a circuit breaker or blowing of a fuse. 
0103). Using a variable speed motor such as the motor 34, 
an air compressor Such as the air compressor 20 can be 
brought up to speed slowly over the first Second or Seconds 
of operation, limiting the maximum current drawn from the 
circuit. Given the System described earlier, using a current 
transducer Such as the current transducer 202 would ensure 
that the Starting current never exceeds a certain amount, Such 
as 200% of the user-Selected operating current. 
0104 FIG. 14 is a flow chart generally showing steps for 
bringing the motor slowly up to Speed in accordance with an 
embodiment of the invention. First, the motor 34 is started. 
Then, at step 1400, the current Supplied CS to the motor is 
set to 0.5 AMPS plus the previous current Supplied CS. At 
step 1402, a determination is made whether the current 
motor Speed MS is equal to the desired motor Speed MS. 
If So, the proceSS ends, and the motor 34 operates as normal. 
If not, then step 1402 branches to step 1404, where a 
determination is made whether the current Supplied CS is 
greater than or equal to two times the user-Selected current 
CL. If not, the process returns to step 1400, where the 
current is incremented again. If So, then Step 1404 branches 
to step 1406, where the current supplied CS is set to two 
times the user-Selected current CL. The process then 
branches back to Step 1402, awaiting the motor Speed to 
reach the desired motor Speed. 
0105. Another advantage that may be provided by a 
variable Speed motor is that the unloader Valve in the pump 
may be eliminated. Conventional air compressors today 
include an unloader valve. This valve is used to bleed off the 
compressed air in the pump head when the air compressor 
shuts off, so that it does not have to restart under load. The 
reason that this unloading of the compressed air is needed is 
that Single phase induction motorS typically have low start 
ing torque, and high Starting amperage requirements as Set 
forth above. 

0106 Using a variable speed motor eliminates the need 
for the unloader valve. Most variable speed motors, which 
are three phase motors, have Substantially higher levels of 
Starting torque Such that they would be capable of Starting 
under load. Also, the drive 32 can limit in-rush current as 
described earlier So tripping the circuit breakers can be 
eliminated. Finally, the drive 32 can be set to boost voltage 
at the motor during Startup to further increase Starting 
torque. 

0107 Eliminating the unloader valve saves money 
because of reduced parts. In addition, eliminating the 
unloader Valve removes Several potential leak points in Some 
components that are often prone to fail over time. 
0108. In accordance with an embodiment, tools are pro 
Vided that may send a coded signal or other information to 
an air compressor, Such as the air compressor 20. The coded 
Signal includes information about the desired operation of 
the air compressor 20 for the particular tool. The air com 
preSSor 20 may utilize this information to operate as 
requested, for example at an appropriate pressure and/or 
motor Speed for operation of the particular tool. 

0109) An example of such a tool 210 is shown in FIG. 15. 
In accordance with an embodiment, the tool 210 is config 
ured to Send a signal to the air compressor 20. If desired, the 
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tool 210 may send the signal to the air compressor 20 via a 
wireleSS Signal, Such as an infrared signal or radio frequency 
Signal. Alternatively, the tool 210 may include a key that is 
removed from the tool 210 and is attached to the air 
compressor 20 So that information about desired operation 
for the particular tool 210 may be provided to the air 
compressor 20. Other mechanisms may be used to transfer 
the information from the tool 210 to the air compressor 20. 
0110. In accordance with an embodiment, a signal car 
rying pneumatic hose 212 (FIG. 15) is provided for sending 
a coded signal from the tool 210 to the air compressor 20. 
AS can be seen in FIG. 16, the Signal carrying pneumatic 
hose 212 includes a neutral wire 214 and a hot wire 216 
running along its length. In an embodiment, each end of the 
Signal carrying pneumatic hose 212 includes a coupler 218. 
Each of these couplers 218 may be configured in an embodi 
ment to fit on conventional plugs, Such as quarter-inch male 
plugs that are typically provided on air compressors and air 
compressor tools. Such a conventional plug 220 is shown in 
FIG. 16. 

0111. The coupler 218 shown in the drawings includes a 
lead portion 224 and an aft portion 226. The lead portion 224 
includes a metal plate 228 at a front end Separated by an 
insulating layer 230 from the main body 232 of the lead 
portion 224. 
0112 Two connectors 234, 236 are provided on the back 
portion of the aft portion 226. The first connector 234 
connects to the neutral wire 214, and causes the majority of 
the coupler 218 to be grounded to the neutral wire 214. The 
Second connector 236 connects to a screw 240 that extends 
through an insulating sleeve 242 in the aft portion 226 and 
a second insulating sleeve 244 in the lead portion 224. The 
screw 240 attaches to the metal plate 228. Thus, the hot wire 
216 is connected directly to the metal plate 228, which is 
insulated from the remainder of the coupler 218. One or 
more additional Screws, Such as the Screw 246, may be 
provided for attaching the aft portion 226 to the lead portion 
224. These additional Screws, Such as the Screw 246, ensure 
that the aft portion 226 and the lead portion 224 are 
grounded together with the neutral wire 214. 
0113. A shoulder 248 of the plug 220 includes one or 
more contacts 250. These contacts 250 are arranged to 
engage the metal plate 228 of the coupler 218. AS can be 
seen in FIG. 18, an insulating sleeve 252 leads from the 
contacts 250 and includes a wire 254. This wire 254 is 
connected to the base 256 for the plug 220, which, in turn, 
is electrically connected to the internal portion of the coupler 
218. Thus, the base 256 is grounded with the neutral wire 
214 when the plug 220 is attached to the coupler 218. 
Grounding of the plug 220 to the coupler 218 may be 
assured by a friction fit, or by conventional ball-and-Spring 
connectors 258, 260, which are known in the plug and 
coupler art. 

0114. A second wire 262 is connected to the wire 254, 
and is connected, for example via a ground, to the base 256 
of the plug 220. A resistor 264 is positioned on this wire 262, 
and thus in series with the wire 254. The resister 264 may 
alternatively be in the wire 254. In either event, the resistor 
264 changes the current flow through the wire 254, and thus 
returned to the air compressor 20, based upon the resistance 
of the resistor 264. That is, a base voltage (e.g., 5 V) or 
current is provided through the hot wire 216 and is returned 
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through the connection of the wire 254, but the current is 
reduced a particular amount by the resistor 264. Based upon 
this current change, the air compressor 20 may utilize the 
particular current, for example via a lookup table, to provide 
an appropriate pressure and/or motor Speed for the air 
compressor 20. 

0115 AS can be understood, different tools may include 
different resistors 264 So that appropriate pressures and/or 
motor Speeds may be provided for a particular tool. Thus, a 
user does not have to Select a particular pressure and/or 
motor Speed, but instead the air compressor 20 is provided 
information by a tool so that the air compressor 20 will 
automatically function at the proper pressure and/or Speed. 
0116. As described earlier, other mechanisms may be 
provided on the tools 210 for providing the signal to the air 
compressor 20. However, the embodiment described is a 
Simple, inexpensive mechanism that can provide this infor 
mation to the air compressor 20. 
0117. In accordance with an embodiment, a signal pro 
vided by a tool, such as the tool 210, to the air compressor 
20 may be variable at the tool. Such a feature would permit 
a user to “dial in a desired pressure and/or motor Speed. For 
example, if a nailer is being used, and additional pressure is 
desired, the user may increase the pressure by changing the 
signal sent by the tool 210. Alternatively, if decreased 
preSSure is needed, the user may dial the decreased pressure 
Setting into the tool. 
0118. An embodiment of a plug 270 providing a variable 
signal is shown in FIG. 19. The plug 270 includes a dial 272 
having a rheostat or another Structure for regulating a current 
by means of variable resistances. The plug 270 includes a 
circuit similar to the circuit described with reference to FIG. 
17, but instead of a fixed series resistor, the plug 270 
includes a rheostat connected to the dial 272. The user may 
rotate the dial 272 to vary the resistance provided by the 
rheostat in a manner known in the art. AS Such, the coded 
signal provided by the tool 210 may be selected by a user. 
0119) Although disclosed in FIG. 18 as being connected 
to the plug 270, a device for providing a variable Signal to 
the air compressor 20 by the tool 210 may be provided at any 
location on the tool 210, and the variable signal provided 
may be a Signal other than changed resistance. AS nonlim 
iting examples, the tools may include a dial located at a 
different location on the tool, may include a user interface 
including a digital display for providing Such a variable 
Signal, or may utilize Some other mechanical means for 
providing a variable signal. However, the embodiment 
shown in FIG. 18 is useful in that it is inexpensive to 
produce, and provides a simple mechanism for varying the 
signal providing by the tool 210. 
0120) The signal provided by the tool 210 may be utilized 
by the controller 28 to change the pressure and/or motor 
Speed operation of the air compressor 20. For example, the 
operation may be changed in accordance with many of the 
embodiments described above or may be changed in another 

C. 

0121 An alternate example is shown in FIG. 20, where 
the tool 210 includes an amp selector 250, a PSI selector 
252, and a display 253. A user selects a desired motor speed 
via the amp Selector 250 and/or a desired operating pressure 
via the PSI selector, and a signal 254 is sent to the air 
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compressor 20, for example via the Signal carrying pneu 
matic hose 212 or a wireleSS connection. The tool may 
alternatively include just the amp selector 250 or the PSI 
Selector 252, or may include other user interface Selections 
for Selecting a desired operation of the air compressor 20. 

0122). Other variations are within the spirit of the present 
invention. Thus, while the invention is susceptible to various 
modifications and alternative constructions, a certain illus 
trated embodiment thereof is shown in the drawings and has 
been described above in detail. It should be understood, 
however, that there is no intention to limit the invention to 
the Specific form or forms disclosed, but on the contrary, the 
intention is to cover all modifications, alternative construc 
tions, and equivalents falling within the Spirit and Scope of 
the invention, as defined in the appended claims. 

0123 All references, including publications, patent appli 
cations, and patents, cited herein are hereby incorporated by 
reference to the same extent as if each reference were 
individually and Specifically indicated to be incorporated by 
reference and were Set forth in its entirety herein. 

0124. The use of the terms “a” and “an” and “the” and 
Similar referents in the context of describing the invention 
(especially in the context of the following claims) are to be 
construed to cover both the Singular and the plural, unless 
otherwise indicated herein or clearly contradicted by con 
text. The terms “comprising,”“having,”“including,” and 
“containing” are to be construed as open-ended terms (i.e., 
meaning “including, but not limited to,”) unless otherwise 
noted. The term “connected” is to be construed as partly or 
wholly contained within, attached to, or joined together, 
even if there is Something intervening. Recitation of ranges 
of values herein are merely intended to Serve as a shorthand 
method of referring individually to each Separate value 
falling within the range, unless otherwise indicated herein, 
and each Separate value is incorporated into the Specification 
as if it were individually recited herein. All methods 
described herein can be performed in any Suitable order 
unless otherwise indicated herein or otherwise clearly con 
tradicted by context. The use of any and all examples, or 
exemplary language (e.g., “Such as”) provided herein, is 
intended merely to better illuminate embodiments of the 
invention and does not pose a limitation on the Scope of the 
invention unless otherwise claimed. No language in the 
Specification should be construed as indicating any non 
claimed element as essential to the practice of the invention. 

0.125 Preferred embodiments of this invention are 
described herein, including the best mode known to the 
inventors for carrying out the invention. Variations of those 
preferred embodiments may become apparent to those of 
ordinary skill in the art upon reading the foregoing descrip 
tion. The inventors expect skilled artisans to employ Such 
variations as appropriate, and the inventors intend for the 
invention to be practiced otherwise than as Specifically 
described herein. Accordingly, this invention includes all 
modifications and equivalents of the Subject matter recited in 
the claims appended hereto as permitted by applicable law. 
Moreover, any combination of the above-described elements 
in all possible variations thereof is encompassed by the 
invention unless otherwise indicated herein or otherwise 
clearly contradicted by context. 
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What is claimed is: 
1. An air compressor, comprising: 
a pump, 

a variable Speed motor for driving the pump; and 
an electronic controller for controlling operation of the 

variable Speed motor. 
2. The air compressor of claim 1, further comprising a 

tank for Storing pressurized air from the pump, and wherein 
the electronic controller comprises a routine for an optimum 
mode in which the variable Speed motor drives the pump to 
maintain the tank at a tank pressure Setting that is equal to 
or slightly greater than a pressure Setting for a tool connected 
to the air compressor. 

3. The air compressor of claim 2, wherein, in optimum 
mode, the controller instructs the motor to increase Speed if 
the pressure within the tank drops below the tank preSSure 
Setting. 

4. The air compressor of claim 2, wherein, in optimum 
mode, the controller instructs the motor to decrease Speed if 
the pressure within the tank goes above the tank pressure 
Setting. 

5. The air compressor of claim 2, wherein, in optimum 
mode, the controller instructs the motor to increase Speed a 
first amount if the preSSure of the tank drops a first pressure 
below the tank pressure Setting, and instructs the motor to 
increase Speed a Second amount, greater than the first 
amount, if the pressure within the tank drops below a Second 
tank pressure, the second tank pressure being less than the 
first tank pressure. 

6. The air compressor of claim 5, wherein, in optimum 
mode, the controller instructs the motor to increase Speed a 
third amount, greater than the Second amount, if the pressure 
of the tank drops a third pressure below the tank preSSure 
Setting, the third tank pressure being less than the Second 
tank pressure. 

7. The air compressor of claim 5, wherein, in optimum 
mode, the controller instructs the motor to increase to a 
maximum speed if the pressure of the tank drops a third 
preSSure below the tank pressure Setting, the third tank 
preSSure being less than the Second tank pressure. 

8. The air compressor of claim 7, further comprising a 
current Sensor for Sensing current Supplied to the motor, and 
wherein maximum speed is determined by the current Sup 
plied to the motor as Sensed by the current Sensor. 

9. The air compressor of claim 2, wherein, in optimum 
mode, the controller instructs the motor to decrease Speed a 
first amount if the preSSure of the tank raises a first pressure 
above the tank preSSure Setting, and instructs the motor to 
decrease Speed a Second amount, greater than the first 
amount, if the pressure within the tank raises above a Second 
tank pressure, the Second tank pressure being greater than 
the first tank pressure. 

10. The air compressor of claim 9, wherein, in optimum 
mode, the controller instructs the motor to decrease Speed a 
third amount, greater than the Second amount, if the pressure 
of the tank raises a third pressure above the tank pressure 
Setting, the third tank pressure being greater than the Second 
tank pressure. 

11. The air compressor of claim 9, wherein, in optimum 
mode, the controller instructs the motor to shut off if the 
preSSure of the tank raises a third preSSure above the tank 
preSSure Setting, the third tank pressure being greater than 
the Second tank preSSure. 
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12. The air compressor of claim 2, further comprising a 
user interface through which a user may select optimum 
mode. 

13. The air compressor of claim 12, wherein the user 
interface permits a user to Select the tank pressure Setting. 

14. The air compressor of claim 1, further comprising a 
current Sensor for Sensing current Supplied to the motor, and 
wherein the electronic controller comprises a routine for a 
maximum mode in which the variable Speed motor drives 
the pump at a maximum speed available, and wherein 
maximum speed is determined by the current Supplied to the 
motor as Sensed by the current Sensor. 

15. The air compressor of claim 14, further comprising a 
user interface through which a user may select maximum 
mode. 

16. The air compressor of claim 1, further comprising a 
current Selector for Setting current Supplied to the motor, and 
a user interface through which a user may Select a speed of 
the motor, wherein the electronic controller is configured to 
Set current Supplied to the motor via the current Selector in 
response to a user Speed Selection. 

17. The air compressor of claim 16, further comprising a 
Speed Selector for the motor, and a user interface through 
which a user may select a Speed of the motor, wherein the 
electronic controller is configured to Set motor Speed of the 
motor via the Speed Selector in response to a user Speed 
Selection. 

18. The air compressor of claim 1, wherein the electronic 
controller comprises a routine for a quiet mode in which the 
variable Speed motor drives the pump below a maximum 
speed available for the motor. 

19. The air compressor of claim 18, further comprising a 
user interface through which a user may select quiet mode. 

20. An air compressor, comprising: 
a pump, 

a tank for Storing air pressurized by the pump; 
a variable Speed motor for driving the pump; and 
an electronic controller, the electronic controller compris 

ing executable instructions for operating the variable 
Speed motor, the instructions comprising: 
increasing the Speed of the variable Speed motor if the 

preSSure within the tank drops below a particular 
tank pressure Setting, and 

decreasing the Speed of the variable Speed motor if the 
preSSure within the tank goes above the particular 
tank pressure Setting. 

21. The air compressor of claim 20, wherein the execut 
able instructions further comprise: 

increasing the Speed of the variable Speed motor a first 
amount if the pressure of the tank drops a first preSSure 
below the particular tank pressure Setting, and increas 
ing the Speed of the variable Speed motor a Second 
amount, greater than the first amount, if the preSSure 
within the tank drops below a Second tank pressure, the 
Second tank pressure being less than the first tank 
preSSure. 

22. The air compressor of claim 21, wherein the execut 
able instructions further comprise: 

increasing the Speed of the variable Speed motor a third 
amount, greater than the Second amount, if the preSSure 



US 2006/0045751A1 

of the tank drops a third pressure below the particular 
tank preSSure Setting, the third tank preSSure being leSS 
than the Second tank pressure. 

23. The air compressor of claim 21, wherein the execut 
able instructions further comprise: 

increasing the Speed of the variable Speed motor to a 
maximum speed if the pressure of the tank drops a third 
preSSure below the particular tank pressure Setting, the 
third tank preSSure being less than the Second tank 
preSSure. 

24. The air compressor of claim 20, wherein the execut 
able instructions further comprise: 

decreasing the Speed of the variable speed motor a first 
amount if the pressure of the tank raises to a first 
preSSure above the particular tank pressure Setting, and 
decreasing the Speed of the variable Speed motor a 
Second amount, greater than the first amount, if the 
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preSSure within the tank raises above a Second tank 
preSSure, the Second tank preSSure being greater than 
the first tank pressure. 

25. The air compressor of claim 24, wherein the execut 
able instructions further comprise: 

decreasing the Speed of the variable Speed motor a third 
amount, greater than the Second amount, if the preSSure 
of the tank raises a third preSSure above the particular 
tank pressure Setting, the third tank pressure being 
greater than the Second tank preSSure. 

26. The air compressor of claim 24, wherein the execut 
able instructions further comprise: 

shutting off the variable speed motor if the pressure of the 
tank raises a third pressure above the particular tank 
preSSure Setting, the third tank pressure being greater 
than the Second tank pressure. 
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