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(57) ABSTRACT 

A control system for use in conjunction with a primary power 
system and operable to control a pneumatically powered 
hand-held tool broadly comprises an air delivery assembly 
operable to communicate with a pressurized air source; a 
control assembly including an exhaust line from the primary 
power system and to the control assembly, a spool valve in 
fluid communication with the Supply line and the exhaust 
line, and a control line in fluid communication with the spool 
valve and the hand-held tool; a tool assembly comprising the 
hand-held tool for performing delicate hand working opera 
tions; and a housing for at least partial storage of the air 
delivery assembly and the control assembly. The primary 
power system and the control system operate in conjunction 
with each other to both power and precisely control a pneu 
matically powered hand-held tool. 
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PROPORTIONAL PILOT CONTROLLED 
PNEUMATIC CONTROL SYSTEM FOR 

PNEUMATICALLY POWERED HAND-HELD 
TOOLS 

RELATED APPLICATIONS 

0001. The present application is a continuation of U.S. 
patent application Ser. No. 12/857,352, filed Aug. 16, 2010, 
now U.S. Pat. No. 8,176,996 (the 996 patent), issued May 15, 
2012, and entitled “PROPORTIONAL PILOT-CON 
TROLLED PNEUMATIC CONTROL SYSTEM FOR 
PNEUMATICALLY POWERED HAND-HELD TOOLS 
The 996 patent is a continuation of U.S. patent application 
Ser. No. 12/018,623, filed Jan. 23, 2008, now U.S. Pat. No. 
7,775,295, issued Aug. 17, 2010, and entitled “PROPOR 
TIONAL PILOTCONTROLLED PNEUMATIC CON 
TROL SYSTEM FOR PNEUMATICALLY POWERED 
HAND-HELD TOOLS.” The above-referenced patents are 
hereby incorporated by reference in their entirety into the 
present application. 

BACKGROUND 

0002 1. Field 
0003. The present invention relates to pneumatic control 
systems for pneumatically powered hand-held tools. More 
particularly, the invention relates to proportionally controlled 
systems that allow for a distinct source of pressurized air to 
power the tool and to control the tool. 
0004 2. Description of the Related Art 
0005 Hand-held pneumatic power tools have been used 
for many years to increase the range of hand work in fields 
including hand engraving, jewelry stone setting, wood carv 
ing, and other similar tasks. Typically, these tools are 
designed to provide a variable range of power so that a user 
can produce desired results across a broad range of applica 
tions. To provide the user with variable power control, such 
pneumatic tools often have a control mechanism, Such as a 
mechanical valve, either on the tool itself or within a separate 
control device, such as a foot control, to vary the air flow 
and/or pressure to or through the tool. Such valves often 
include a spring-loaded plunger that variably opens and 
closes an opening to increase or decrease the flow of pressur 
ized fluid to the tool. Tools having mechanical valves have 
many disadvantages, however. 
0006 First, although mechanical valves are inexpensive, 
problems reported by users include inconsistent or excessive 
operating force and lack of repeatability. As can be appreci 
ated, it is desirable that the tool provides the same amount of 
pressure based on the same actuation of the valve by the user. 
However, this is often not the case with prior art tools. More 
over, the tools are often not able to be used at low operating 
forces, which are preferred for delicate engraving, chiseling, 
or carving. 
0007. A second problem of prior art tools that use 
mechanical valves is that the tools do not provide the neces 
sary control. For the delicate hand-working operations these 
tools are used for, it is necessary for the user to have complete 
control over the tool. Many prior art tools, however, exhibit 
mechanical friction and “stick/slip” within the tool. This pre 
vents consistency during use and results in unexpected con 
sequences when the tool sticks or slips during use. Moreover, 
the mechanical valves often have only a few levels of power 
output that can be selected by the user. This does not provide 
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the desired control because it does not allow for the precision 
that accompanies selective power output over a range of val 
CS. 

0008. A third problem of prior art tools having mechanical 
valves is that the valves are not amenable to the high-stress 
environments that the tools are used in. For example, because 
the tools are used for engraving, chiseling, or carving, dust 
and debris is often pervasive, and such dust and debris irri 
tates, wears, and hinders the performance of mechanical 
valves. Moreover, the mechanical parts of the valves become 
worn over time and must be replaced. Therefore, there is a 
need for a mechanism for controlling the tools that does not 
rely on a mechanical valve with multiple moving parts. 
0009. A fourth problem of prior art tools having mechani 
cal valves is that the plunger of the valve exhibits appreciable 
mechanical travel. This directly affects the response time of 
the tool and/or the user's ability to precisely control the tool. 
For delicate operations, it is undesirable to have a slow 
response time. 
0010. A fifth problem of prior art tools is the lack of work 
flexibility due to the fixed configuration of the valve. Because 
a valve on a tool cannot be readily moved to another location 
or have its operating characteristics easily changed, tools 
having mechanical valves are not conducive to being used or 
held in a variety of ways. For example, for a hand-held tool, 
the valve is in one position, and thus, in order for the user to 
actuate the valve to vary the power, the user has only one 
option of holding the tool, namely the way in which the valve 
can be actuated. However, there are a variety of ways to hold 
and power a hand-held tool. Such as with use of various 
fingers, the thumb, and the palm. Therefore, a hand-held tool 
that can be powered in a plurality of ways dependent on the 
user's preference is desirable. 
0011 Finally, depending on the physical attributes of the 
user, the user's preferred work configuration, such as sitting 
or standing, the specific task being performed, the size and 
shape of the article being worked on, and other factors, the 
optimum arrangement for the tool, including the preferred 
type of tool (e.g., hand-held tool or foot-controlled tool), may 
differ widely. Therefore, it is desirable to have several types of 
tools, including hand-held tools and foot-controlled tools, 
that can all be controlled in the same manner. 
0012. Accordingly, there is a need for an improved power 
tool that overcomes the limitations of the prior art. More 
particularly, there is a need for a new control system operable 
to variably control the power tool and to provide a mechanism 
that allows for more precision control and finesse of the power 
tool. 

SUMMARY 

0013 The present invention solves the above-described 
problems and provides a distinct advance in the art of pneu 
matic control systems for pneumatically powered hand-held 
tools. More particularly, embodiments of the present inven 
tion provide a control system for use in conjunction with a 
primary power system. The primary power system is operable 
to power a hand-held tool, and in particular, to drive a piston 
housed in the hand-held tool. The control system of embodi 
ments of the present invention is operable to precisely control 
the amount of power to the tool. 
0014. The control system broadly comprises an air deliv 
ery assembly having a first pressurized air Supply line oper 
able to communicate with a pressurized air source; a control 
assembly including an exhaust line from the primary power 
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system and to the control assembly, a spool valve in fluid 
communication with the first pressurized air Supply line and 
the exhaust line, and a control line in fluid communication 
with the spool valve and the hand-held tool; and a second 
pressurized air Supply line in fluid communication with the 
primary power system and the hand-held tool. The primary 
power system and the control system operate in conjunction 
with each other, such that the primary power system exhausts 
pressurized air to the spool valve of the control system. The 
amount of and rate of exhaustion of pressurized air from the 
control system is dependent upon the amount of pressurized 
air expelled by the user from a control point comprising an 
orifice on the hand-held tool in fluid communication with the 
control line. By controlling the amount of air expelled from 
the control point, the user is able to control the amount of and 
rate of air exhausted from the spool valve, which conse 
quently selectively drives the piston of the hand-held tool. 
00.15 Embodiments of the present invention also provide 
a power tool system comprising a hand-held power tool that 
can be precisely controlled without a mechanical valve. In 
particular, the power tool system comprises the hand-held 
power tool for powering of a hammer tool, wherein the power 
tool comprises a first hollowed chamber, a spring housed 
within the first hollowed chamber, and a piston housed within 
the first hollowed chamber and operable to drive the hammer 
tool; a control line in fluid communication with a control 
system and the power tool system and operable to Supply 
pressurized air to the power tool system; a control point for 
selective expulsion of the pressurized air supplied to the 
power tool system; and a pressurized air Supply line extend 
ing from a pressurized air source and to the first hollowed 
chamber and operable to drive the piston. The control point of 
the power tool system can either be formed on or associated 
with the hand-held power tool, a fingerpiece used with the 
hand-held power tool, or a footpiece used with the hand-held 
power tool. 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 

0016 Embodiments of the present invention are described 
in detail below with reference to the attached drawing figures, 
wherein: 
0017 FIG. 1 is a perspective view of a control system of 
embodiments of the present invention used in conjunction 
with a primary power system; 
0018 FIG. 2 is a perspective view of the control system of 
embodiments of the present invention: 
0019 FIG.3 is side perspective view of the control system 
and particularly illustrating various internal components 
within a housing of the system; 
0020 FIG. 4 is a perspective view of a spool valve of the 
control system; 
0021 FIG. 5 is an exploded view of the spool valve and its 
internal components; 
0022 FIG. 6 is a perspective, vertical cross-sectional view 
of the spool valve and specifically illustrating a spool housed 
within the spool valve; 
0023 FIG. 7 is a front side view of the spool valve; 
0024 FIG. 8 is a vertical cross-sectional side view of the 
spool valve and illustrating the spool; 
0025 FIG. 9 is a cross-sectional view of the spool valve 
taken though line 9-9 of FIG. 7 and illustrating a vent on the 
right end of the spool valve; 
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0026 FIG. 10 is an exploded view of a handpiece of 
embodiments of the present invention: 
0027 FIG. 11 is an end view of the handpiece and illus 
trating a touch pad with a first array of gripping protrusions; 
0028 FIG. 12 is an end view of the handpiece and illus 
trating the touch pad with a second array of gripping protru 
S1OnS, 
0029 FIG. 13 is a back face of the touchpad and illustrat 
ing a flapper of the touch pad and an array of lifting protru 
sions formed on the flapper, 
0030 FIG. 14 is a perspective, vertical cross-sectional 
view of the handpiece of embodiments of the present inven 
tion and illustrating a spring and piston housed within the 
handpiece, wherein the spring is in a retracted rest state; 
0031 FIG. 15 is a perspective, vertical cross-sectional 
view of the handpiece of embodiments of the present inven 
tion and illustrating a spring and a piston housed within the 
handpiece, wherein the spring is in a compressed State; 
0032 FIG. 16 is an exploded view of the handpiece of 
embodiments of the present invention and further illustrating 
a fingerpiece (both in Solid line and in phantom) of embodi 
ments of the present invention configured to be removably 
secured to the handpiece; 
0033 FIG. 17 is a perspective view of a footpiece of 
embodiments of the present invention: 
0034 FIG. 18 is a partial fragmentary perspective view of 
the footpiece of embodiments of the present invention and 
particularly illustrating a wedge (both in Solid line and in 
phantom) removably held in the footpiece; 
0035 FIG. 19 is a vertical cross-sectional view of the 
footpiece of embodiments of the present invention; 
0036 FIG. 20 is a graph illustrating a shape of a metering 
slot formed in the spool valve and a distance the spool travels 
in the spool valve with respect to alignment of the metering 
slot; and 
0037 FIG. 21 is a graph illustrating an alternative shape of 
a metering slot formed in the spool valve and a distance the 
spool travels in the spool valve with respect to alignment of 
the metering slot. 
0038. The drawing figures do not limit the present inven 
tion to the specific embodiments disclosed and described 
herein. The drawings are not necessarily to Scale, emphasis 
instead being placed upon clearly illustrating the principles of 
the invention. 

DETAILED DESCRIPTION 

0039 Turning now to the drawing figures, and particularly 
FIGS. 1-3, a proportional pilot-controlled pneumatic control 
system 10 constructed in accordance with embodiments of 
the invention is illustrated. The control system 10 provides for 
precision manual control of pressurized air for use in delicate 
hand working operations. The control system 10 of embodi 
ments of the present invention broadly comprises an air deliv 
ery assembly 12 operable to communicate with a pressurized 
air source (not shown); a control assembly 14 operable to 
receive air from the pressurized air source via the air delivery 
assembly 12; a tool assembly 16 comprising a pneumatically 
powered hand-held tool for performing delicate hand work 
ing operations, hereinafter referred to as a handpiece 18, the 
handpiece 18 being in driven communication with the pres 
Surized air source and the control assembly 14; and a housing 
20 for at least partial storage of the air delivery assembly 12 
and the control assembly 14 and defining an interior space 22 
and comprising left and right side panels 24.26, back and 
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front panels 28.30, and top and bottom panels 32.34, all of 
which are discussed in more detail below. 

0040. The air delivery assembly 12 comprises a supply 
line 36 of pressurized air from a primary power system 38, an 
air filter 40, an air pressure regulator 42, and a regulator 
Supply line 44 feeding from the air pressure regulator and to 
a pressure gauge 46 and the control assembly 14. The air 
delivery assembly 12 is operable to receive pressurized air 
from the pressurized air source, as noted above. The pressur 
ized air source can either be compressed air received from an 
air compressor (not shown) operable to provide approxi 
mately 45-120 psi of air pressure, or, alternatively, the pres 
Surized air source can be the primary power system 38, Such 
as the GraverMax or GraverMach primary power systems 
sold by Glendo Corporation and described in U.S. Pat. No. 
7,413,027 (“the 027 patent”), entitled “Impact Power Tool 
with a Precision Controlled Drive System, the entirety of 
which is incorporated by reference herein. As known in the 
art, a motive fluid may also be used instead of the pressurized 
air source. Because the control system 10 of embodiments of 
the present invention is specially designed for use with the 
primary power system 38, operation of the control system 10 
with the primary power system 38 will be described herein. 
However, it is to be understood that the control system 10 may 
be used with a direct pressurized air source, such as the air 
compressor. 

0041. The supply line 36 of the air delivery assembly 12 is 
in fluid communication with the primary power system 38 
and thus, provides pressurized air to the control system 10, as 
illustrated in FIG.1. As discussed in more detail in the 027 
patent, the primary power system 38 is operable to receive 
pressurized air from the pressurized air source. Such as the air 
compressor. When the control system 10 is used in conjunc 
tion with the primary power system 38, the pressurized air 
from the source is fed to the primary power system 38, where 
it is split into two lines—a first line (not shown) to power the 
primary power system 38, and a second line to the control 
system 10, namely the supply line 36. The supply line 36 is 
guided through the back panel 28 of the housing 20, as illus 
trated in FIG. 1, and to the air filter 40, as illustrated in FIG. 
3. The supply line 36 and any other lines discussed herein are 
a plastic hose operable to withstand transmittal of pressurized 
air therethrough. 
0042. As illustrated in FIG. 3, the air filter 40 is disposed 
between adjacent first and second sections 36a,36b of the 
supply line 36 and before receipt of the pressurized air 
through the air pressure regulator 42. The air filter 40 is any air 
filter well known in the art and operable to filter air incoming 
from the supply line 36 and the primary power system 38. A 
suitable air filter is sold by Industrial Specialities Manufac 
turing under product code No. 57100. 
0043. Once air exits the air filter 40, the air is guided 
through the second section36b of the supply line 36 and to the 
air pressure regulator 42, which regulates the air to a desired 
pressure. Any suitable air pressure regulator may be used, 
such as the regulator provided by SMC Corporation of 
America under product code IR1010-NO1. As noted above, in 
embodiments of the present invention, the primary power 
system 38 and the control system 10 share a common supply 
of pressurized air. As described in the 027 patent, the primary 
power system 38 regulates the pressurized air used by the 
system 38. The control system 10 also includes its own, 
separate air pressure regulator 42 to regulate the pressurized 
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air used by control system 10 to a narrow range of psi depen 
dent on a user's desired pressure. 
0044 As described in the 027 patent, unregulated pres 
surized air is usually approximately 35-100 psi and must be 
scaled downto a smaller pressure for operation of the primary 
power system 38. The primary power system 38 typically 
regulates the pressure to a range of 8-25 psi. Similarly, the air 
pressure regulator 42 of the control system 10 adjusts to the 
desired operating pressure via an air regulator dial 48 
mounted on the front panel 30 of the housing 20. Advanta 
geously, the control system 10 allows the user to specify the 
desired pressure dependent on the user's preference, the type 
of material being worked on, and other operating parameters. 
This allows the user to fine tune even more the response of the 
control system 10 and allows the user to limit the maximum 
power or increase and/or decrease the response of the system 
10. For example, if the user desires low pressure for very fine 
detail work, the user can regulate the pressure to the range of 
approximately 5-8 psi via the air regulator dial 48. However, 
if the user desires a higher pressure for more general work, 
Such as when first beginning carving of an article, then the 
user may select a range of 8-15 psi via the regulator dial 48. 
Applicants have found that the optimal pressure range for use 
of the control system 10 of embodiments of the present inven 
tion is approximately 2-35 psi and more preferably approxi 
mately 5-20 psi and most preferably approximately 5-15 psi. 
0045. The control assembly 14 comprises an exhaust line 
50 from the primary power system 38 and to the control 
assembly 14, a spool valve 52 in fluid communication with 
the regulator supply line 44 and the exhaust line 50, a control 
line 54, a Switch valve 56, and first and second switch valve 
control lines 54a,54b. Air exiting the air pressure regulator 42 
is moved through the regulator Supply line 44 and to the 
control assembly 14, as illustrated in FIG. 3. 
0046. The spool valve 52 of embodiments of the present 
invention is advantageously designed to precisely control the 
air communicated to the handpiece 18 based upon user 
instructions, as discussed in more detail below. As illustrated 
in FIGS. 4-8, the spool valve 52 comprises a spool contain 
ment body 58 defining a hollow interior 60, a spool 62 housed 
within the interior 60 of the body 58, a control chamber 64, a 
load chamber 66, a reference chamber 68 in fluid communi 
cation with the atmosphere, a supply input port 70 in fluid 
communication with the control chamber 64, an output port 
72 also in fluid communication with the control chamber 64, 
an exhaust input port 74 in fluid communication with the 
exhaust line 50 and the load chamber 66, a contoured meter 
ing slot 76 carved in the load chamber 66, a spring 78 housed 
within the reference chamber 68 of the body 58, and a spring 
preload adjustment screw 80 also housed within the reference 
chamber 68. The regulator supply line 44 is in fluid commu 
nication with the spool valve 52 via the supply input port 70. 
0047. The chambers 64-68 of the spool valve 52 are called 
out only for purposes of explanation of the spool valve 52, and 
it is not intended that the chambers 64-68 be understood as 
distinct structures. Instead, the chambers 64-68 are formed by 
the location of the spool 62 within the body 58, and therefore, 
the chambers 64-68 are not necessarily of equal size, includ 
ing equal length and Volume, and the size of the chambers 
64-68 changes as the location of the spool 62 within the body 
58 changes during operation. Thus, the chambers 64-68 are 
not formed by any internal wall. 
0048. The spool containment body 58 is formed of steel, 
aluminum, or other suitable material. The body 58 is gener 
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ally rectangular in shape and includes left and right ends 
82.84, front and back sides 86.88, and top and bottom sides 
90.92. The left end 82 of the body 58 is secured to an inset 93 
on an inside of the front panel 30 of the housing 20, such that 
the spool valve 52 is secured within the housing 20. The body 
58 is approximately 8.8 cm in length, 1.8 cm in width, and 1.8 
cm in height. The body 58 includes a cut-out 94 formed in a 
general middle third of the body, approximately 3.3 cm from 
the left end 82 and 4.2 cm from the right end 84, such that the 
cut-out 94 is approximately 1.3 cm in length and approxi 
mately 0.4 cm in width. The cut-out 94 is formed in the front 
side 86 of the body 58 along an entire height of the body 58. 
The metering slot 76 is formed in the cut-out 94, as further 
discussed below. It is to be understood that the measurements 
of the spool containment body 58 may be changed dependent 
on the size of the spool 62, metering slot 76, etc. 
0049. The supply input port 70 is formed in the left end 82 
of the body 58, such that the input port 70 is in fluid commu 
nication with the control chamber 64, as noted above. The 
input port 70 is preferably configured to receive a threaded 
port fitting 96 that can be screwed into the left end 82 of the 
body 58 via mating threads on the fitting 96 and the body 58. 
The port fitting 96 also preferably includes a metering orifice 
98 that is sized to control, and in preferred form restrict, the 
amount of air supplied to the control chamber 64. 
0050. The output port 72 is in fluid communication with 
the control line 54. The output port 72 is formed in the top side 
90 of the body 58 and includes a hose connector 100. 
Although the hose connector 100 does not meter the pressur 
ized air fed therethrough to the same extent as the metering 
orifice 98, the hose connector 100 does change the flow of the 
air therethrough. Alternatively, the hose connector 100 could 
be a metering orifice similar to the metering orifice 98 of the 
supply input port 70. 
0051. As noted above, the exhaust input port 74 is in fluid 
communication with the exhaustline 50 and the load chamber 
66. The exhaust input port 74 is formed in the top side 90 of 
the body 58 and is configured to receive an elbow fitting 102. 
The elbow fitting 102 is then configured to receive the exhaust 
line 50. The exhaust line 50 is directly fluidly connected to the 
primary power system 38, and in preferable form, the exhaust 
line 50 is guided through the back panel 28 of the housing 20. 
Although discussed in more detail below, exhaustair from the 
primary power system 38 is fed through the exhaust line 50 
and to the load chamber 66 of the spool valve 52. This exhaust 
air provides a load of pressurized air to the load chamber 66. 
As the air is exhausted from the load chamber 66 via the 
metering slot 76, this results in operation of the handpiece 18, 
as more fully explained below. 
0052. As illustrated in FIG. 8, the spring 78 and spring 
preload adjustment screw 80 are both housed within the ref 
erence chamber 68 of the body 58, at a general right end 84 of 
the body 58. The spring 78 is preferably any well-known 
compression spring sized to move freely within the body 58. 
The spring 78 is disposed between the spool 62 and the 
adjustment screw 80. The adjustment screw 80 preferably 
includes a vent 104 that allows air in the reference chamber 68 
to vent to the atmosphere, the purpose of which is discussed 
in more detail below. 

0053. The location of the spring 74 within the body 58 can 
be changed via the adjustment screw 80, which can be moved 
further within the body 58 (i.e., towards the left end 82) 
depending on a preferred piston stroke of the handpiece 18. 
Because the size and relationship of the spool 62 to the body 
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58 is within fairly strict tolerances, it is necessary for the 
spring 78 to consistently fall within a range of compression 
lengths. However, the manufacturing tolerances for compres 
sion springs are not such that every spring will compress the 
same length upon application of the same amount of force. 
Moreover, material fatigue in the spring 78 will change over 
time. Such that even if springs could be manufactured with 
consistent compression ratios, a particular spring's compres 
sion length will likely change overtime. Therefore, embodi 
ments of the present invention provide the spring preload 
adjustment screw 80, which allows for variable adjustment of 
the spring 78. The spring 78 can be preloaded during manu 
facture, i.e., positioned within the body 58, to allow for pre 
cise calibration and consistency of multiple control systems 
10. As can be appreciated, because the spring 78 is disposed 
between the spool 62 and the adjustment screw 80, position 
ing of the screw 80 within the body 58 will directly affect how 
much pressurized air must be fed to the control chamber 64 to 
force movement of the spool 62 towards the right end 84 of 
the body 58. 
0054 The spool 62 of the valve 52 is advantageously 
designed to variably restrict the flow of air through the spool 
containment body 58, based upon the user's desired hand 
piece 18 control and operation. The spool 62 is generally 
cylindrical in shape, as further described below, and is sized to 
fit snugly within the interior of the body 58, such that it can 
easily move longitudinally within the body 58 but that as little 
air as possible is allowed to flow through the body 58. 
0055. The spool 62 generally comprises left, middle, and 
right sections 106.108,110. The left section 106 is positioned 
proximate to the left end 82 of the valve body 58, and the right 
section 110 is positioned proximate to the right end 84 of the 
valve body 58. Along its length, the spool 62 includes three 
varying diameters, wherein a first diameter is the largest 
diameter, a second diameteris Smaller than the first diameter, 
and a third diameter is Smaller than the second diameter. 

0056. The left and right sections 106.110 of the spool 62 
include grooves 112 formed therein, such that the left and 
right sections 106.110 are generally of the first diameter, but 
the grooves 112 formed therein are of the second diameter, as 
illustrated in FIG.8. The left section includes a generally flat 
end 114, whereas the right section 110 includes an angled 
mating segment 116 configured to fit within and hold the 
spring 78 in position. The middle section 108 of the spool 62 
is of the third diameter (i.e., the smallest diameter), such that 
the spool shape, along its length, is generally hourglass. The 
left section 106 of the spool 62 is approximately 1.1 cm in 
length, the middle section 108 is approximately 1.2 cm in 
length, and the right section 110 is approximately 1.5 cm in 
length, excluding the angled segment 116, and approximately 
2 cm including the angled segment 116. Smaller and larger 
spools could be used depending on desired power and perfor 
mance characteristics. 

0057 The grooves 112 of each of the left and right sections 
106.110 include a vent 118 formed along a height of the spool 
62. Additionally, the spool 62 includes a central vent 120 
formed along a length of the spool 62. The purpose of the 
vents 118,120 is to allow for air leaked from the control and 
load chambers 64,66 to be vented to the reference chamber 68 
and thus, to atmosphere. This isolates the pressure in the 
control and load chambers 64,66, which results in smoother 
movement of the spool 62 within the body 58 and, conse 
quently, Smoother operation of the handpiece 18. As can be 
appreciated, the manufacturing clearances necessary for 
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positioning the spool 62 within the interior 60 of the valve 
body 58 allow for at least some air leakage from, for example, 
the control chamber 64. Thus, for example, without the vent 
118 in the groove 112 of the left section 106, the air would 
then leak to the load chamber 66, which would change the 
pressure differential between the two chambers 64,66. 
Because the grooves 112 of the left and right sections 106.110 
are of a Smaller diameter than the sections themselves, air can 
become trapped in the grooves 112 and forced into the vents 
118. The air is then transferred along the central vent 120 to 
the reference chamber 68. This maintains isolation of the 
chambers 64-68 and prevents undesired changes in pressure 
differential among the chambers 64-68. 
0058 As discussed above, where the spool 62 is posi 
tioned along the length of the valve body 58 defines where the 
chambers 64-68 are formed at any given instant. Thus, the 
control chamber 64 is formed on the left end 82 of the body 58 
and by the valve body 58 and the left section 106 of the spool 
62. Similarly, the reference chamber 68 is formed on the right 
end 84 of the body 58 and by the valve body 58 and the right 
section 110 of the spool 62. The load chamber 66 is formed by 
the valve body 58 and the middle section 108 of the spool 62 
and, in particular, the third diameter (i.e., the Smallest diam 
eter). As described in more detail below, when the middle 
section 108 of the spool 62 is generally aligned with the 
exhaust input port 74, the middle section 108 forms the load 
chamber 66, such that air from the exhaust line 50 is held 
within the volume defined by the cut-out 94 of the valve body 
58 and the inner diameter of the middle section 108 of the 
spool 62. The third diameter is therefore sized to allow the 
precise volume of desired air within the load chamber 66. As 
the spool 62 travels longitudinally within the valve body 58 
and against the spring 78, the load chamber 66 moves into 
alignment with the contoured metering slot 76, exhausting the 
air to atmosphere at a rate based on the open area of the 
metering slot 76, as discussed in detail below. As the air is 
exhausted from the load chamber 66 via the metering slot 76, 
the piston of the handpiece 18 is actuated. 
0059. The contoured metering slot 76 of the spool valve 52 
provides advantages over other metering slots in the art 
because its shape allows for precise control and application of 
the pressurized air. The metering slot 76 of embodiments of 
the present invention is in the general shape illustrated in FIG. 
20. This graph illustrates a distance the spool 62 travels along 
the X-axis. An area under the curve up to any given point is 
proportional to the length of travel of the piston of the hand 
piece 18. As the spool 62 travels along the metering slot 76, 
and in particular, as the load chamber 66 becomes aligned 
with the metering slot 76, the piston correspondingly travels 
in the handpiece 18. AS can be seen in the graph, the metering 
slot 76 starts out with a small area, such that the air exhausted 
out of the metering slot increases at a small rate up to approxi 
mately 0.02 in of travel of the spool, increases at a slightly 
lower rate between approximately 0.02 and 0.07 inches of 
travel of the spool, and then increases at a increasingly higher 
rate from approximately 0.07 inches of travel up to 0.26 
inches of travel of the spool, i.e., when the load chamber 66 is 
past the metering slot 76. The initial slight increase and then 
immediate decrease of the rate of increase is so the user knows 
that the control system 10 is operating, and further, that the 
user can obtain a baseline for how much pressure must be 
applied to a control point. This is because the pressure used 
for the control system 10 is so small, and the system 10 is so 
quiet, that the user may not realize that the handpiece 18 is 
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operating until the piston is traveling with a much greater 
stroke length, which may then be too late to precisely control 
the handpiece 18 and its hammer tool. 
0060 A metering slot 76 having no more than one axis of 
symmetry provides the appropriate rate of increase and 
decrease of piston travel for the handpiece 18. Although the 
metering slot 76 illustrated in FIG. 20 does not have an axis of 
symmetry, the same distance of travel could be obtained via a 
metering slot having no more than one axis of symmetry, Such 
as is illustrated in FIG. 21. Having two axes of symmetry does 
not provide the desired precision control, however, because 
the piston initially travels too much. For example, if the 
metering slot 76 was rectangular, the rate of change of travel 
of the piston at any instant would be the same regardless of 
how much pressurized area is held in the control chamber 64. 
thus not providing precision control or variability. Alterna 
tively, if the metering slot 76 was circular or oval, the rate of 
change of travel of the piston would be desirably smaller at 
the beginning of travel because the load chamber would be in 
alignment with a first smaller area of the circle or oval meter 
ing slot, would increase as more air is exhausted out of the 
metering slot along a middle segment of the circle or oval, 
which has the largest area, but then would decrease again 
once the spool travels to a second Smaller area of the circle or 
oval. This type of metering slot does not provide consistent or 
intuitive control. 

0061 An alternative way of describing the shape of the 
metering slot is with respect to the percentage of length of the 
metering slot 76 versus the distance of travel of the piston of 
the handpiece 18. As described in more detail below and in the 
027 patent, a piston 122 drives a hammer tool 124, such as a 
chisel, of the handpiece 18. The length of travel of the piston 
122 affects how much power the hammer tool 124 has upon 
impact. In preferable form, the length of travel of the piston 
122 increases as more length of the metering slot 76 is 
exposed, i.e., more of the load chamber 66 is exposed to the 
metering slot 76, thus allowing more air to be exhausted. Note 
that this relationship is also directly associated with the open 
area of the metering slot 76. Therefore, within approximately 
0%-20% of the length of the slot 76, the piston 122 of the 
handpiece 18 travels approximately 0%-5% of its entire 
length of travel; within approximately 20%-40% of the length 
of the slot 76, the piston 122 travels approximately 5%-15% 
of its entire length of travel; within approximately 40%-60% 
of the length of the slot 76, the piston 122 travels approxi 
mately 15%-30% of its entire length of travel; within approxi 
mately 60%-80% of the length of the slot 76, the piston 122 
travels approximately 30%-50% of its entire length of travel; 
and within approximately 80%-100% of the length of the slot 
76, the piston 122 travels approximately 50%-100% of its 
entire length of travel. Therefore, although approximate, the 
relationship of the distance of spool travel to the distance of 
piston travel is generally logarithmic or at least generally 
non-linear. 

0062. As noted above, the control line 54 extends from the 
output port 72 of the spool valve 52 and to the switch valve 56. 
As illustrated in FIG. 1, the first and second switch valve 
control lines 54a,54b extend from the Switch valve 56, 
through the front panel 30 of the housing 20, and to the 
handpiece 18. Only one power tool can be operated by the 
control system 10 at a given time. However, the control sys 
tem 10 is provided with two interfaces 126 to the control line 
54 via the first and second switch valve control lines 54a,54b. 
The user can then connect two tools, such as the handpiece 18 
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and a foot-operated tool, to the control system 10 and actuate 
the switch valve 56 to control which tool is powered. 
0063. The tool assembly 16 comprises the handpiece 18, 
the first and second switch valve control lines 54a,54b, one of 
which is disposed between and in fluid communication with 
the switch valve 56 (and consequently, the spool valve 52) and 
the handpiece 18, and a pulsed air supply line 128 from the 
primary power system 38 and to the handpiece 18. Alterna 
tively, the pulsed air supply line 128 could feed non-pulsed, 
pressurized air. Regardless of whether Supplying pulsed or 
non-pulsed pressurized air, the Supply line 128 provides pres 
surized air to the handpiece 18. The switch valve control lines 
54a,54b are continuations of the control line 54 extending 
from the output port 72 of the spool valve 52, except that at the 
point of the switch valve 56, the control line 54 is split into 
two lines, i.e., the first and second switch valve control lines 
54a,54b, for the selective control of two tools, as noted above. 
0064. The handpiece 18 of embodiments of the present 
invention is especially designed to operate with the control 
system 10 of embodiments of the invention and further, to 
provide a handpiece that allows for precision control of the 
hammer tool 124. The handpiece 18 comprises a body 130, a 
hollowed neck threadably connected with the body 130, the 
piston 122 primarily housed within the neck 132 and operable 
to move between the body 130 and the neck 132, and a spring 
134 housed within the neck 132. 
0065. The body 130 of the handpiece 18 includes agen 
erally circular, tapered first segment 136 having a first diam 
eter, and a generally circular second segment 138 having a 
second diameter Smaller than the first diameter and extending 
from the first segment 136. The first segment 136 is the 
primary segment held by the user during operation. The body 
130 also presents a generally hollowed interior 140 divided 
into first and second chambers 142,144, wherein the first 
chamber 142 is operable to receive one of the switch valve 
control lines 54a,54b, and the second chamber 144 is oper 
able to receive the pulsed air supply line 128 from the primary 
power system 38. In preferred form, the first and second 
chambers 142,144 of the body 130 are isolated, such that 
pressurized air pumped into the first chamber 142 does not 
flow to the second chamber 144 and Vice-versa. 

0066. Threads 146 are preferably formed within the hol 
lowed interior 140 of the second segment 138, and similarly, 
mating threads 148 are preferably formed on the neck 132, 
such that the neck 132 is operable to be secured to the body 
130 via mating of the threads 146,148. Alternatively, the body 
130 and neck 132 could be integrally formed or could be 
secured together via screws or other similar securement 
devices. The neck 132 is also operable to receive the hammer 
tool 124. Such as the chisel, in any well-known manner. A 
threaded, cylindrical grip 150 is threaded over the neck 132 
and acts as a continuation of the body 130 upon assembly of 
the handpiece 18. The grip 150 includes multiple indentations 
152 to facilitate gripping of the handpiece 18 during use. 
0067. As noted above, the spring 134 and piston 122 are 
both housed within the neck 132. In more detail, the piston 
122 is generally cylindrical and includes a cut-out 154 for 
partial receipt of the spring 134. The piston 122 is operable to 
move between the second chamber 144 of the body 130 and 
the hollowed neck 132 during operation, as described in more 
detail below. The piston 122 is thus spring-loaded and air 
actuated by pressurized air incoming from the pulsed air 
supply line 128 of the primary power system 38 and to the 
second chamber 144 of the body 130. The piston 122 is 
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operable to move forward and backward along a stroke length 
upon injection of the pressurized air into the second chamber 
144. This results in impact of the hammer tool 124, as dis 
cussed in more detail below. 
0068. Returning to the description of the body 130 of the 
handpiece 18, a touchpad 156 formed of rubber, neoprene, or 
other suitably resilient material is secured to an outer surface 
of the first segment 136 of the body 130, as illustrated in 
FIGS. 10-13. The touchpad 156 includes a pattern of gripping 
protrusions 158 and a resilient flapper 160. The gripping 
protrusions 158 provide a surface against which the user's 
fingers, palm of hand, or other gripping body member may 
contact for facilitating handling and control of the handpiece 
18. As also illustrated in FIGS. 11-12, alternative touch pads 
156 may be provided so that the user may select the type of 
touchpad 156 preferred for a particular use. For example, the 
touchpad 156 illustrated in FIG. 12 requires more force by the 
user to actuate the piston 122 than the touch pad 156 illus 
trated in FIG. 11. 
0069. The resilient flapper 160 is advantageously 
designed to provide precision control of the handpiece 18. In 
more detail, the flapper 160 covers a small orifice 162 formed 
in the first segment 136 of the body 130. The flapper 160 is 
formed from cutting the touchpad 156 at the desired location 
of the orifice 162. 
(0070. The flapper 160 is also raised from the touchpad 156 
so that the user can better actuate the touchpad 156 to obtain 
the precision control. Because, the touchpad 156 is formed of 
a resilient material, and further because the flapper 160 is cut 
from the touchpad 156, the flapper 160 is formed of the same 
resilient material. Alternatively, the flapper 160 could be a 
separate item that is secured to the touchpad 156 or to the 
body 130 of the handpiece 18. Regardless, the flapper 160 is 
preferably resilient such that upon release of pressure by the 
user against the flapper 160, the flapper 160 returns to a rest 
State. 

(0071. The orifice 162 is in direct fluid communication 
with the first chamber 142, which is in fluid communication 
with one of the Switch valve control lines 54a,54b. Therefore, 
selective covering or opening of the orifice 162 directly 
affects how much pressurized air is allowed to bleed out of the 
control line 54, and consequently, out of the control chamber 
64 of the spool valve 52. Thus, the orifice 162, which will 
hereinafter also be referred to as the control point for the user, 
is the primary mechanism of user control of the handpiece 18. 
0072 An underside of the resilient flapper 160 also 
includes a plurality of extremely small lifting protrusions 
164. Although small, the lifting protrusions 164 advanta 
geously prevent complete closing off of the orifice 162, unless 
the user provides a significant amount of pressure on the 
flapper 160. The protrusions 164 thus, to a very small degree, 
lift the flapper 160 from the orifice 162. Also, as noted above, 
the flapper 160 covering the orifice 162 is resilient, such that 
when no pressure is applied by the user to the flapper 160, it 
returns to a rest state. In the rest state, the flapper 160 is still 
covering the orifice 162, although pressurized air is still 
allowed to bleed out. Thus, the protrusions 164 in conjunction 
with the resilient flapper 160 assist in preventing the flapper 
160 from completely closing off the orifice 162, unless sig 
nificant pressure is applied to the flapper 160. Applicants have 
found that the protrusions 164 on the underside of the flapper 
160 facilitate the fine, precision control of the handpiece 18 
and control system 10 and allow for subtle control not 
obtained with prior art handpieces. 
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0073. The handpiece 18 described above, including the 
shape of the body 130 of the handpiece 18 and the location of 
the control point, is designed so that the handpiece 18 can be 
held in a variety of manners, depending on the preferred 
technique of the user. For example, the handpiece 18 could be 
gripped by the user like a pencil. Such that the user's pointer 
finger rests on the flapper 160. Alternatively, the body 130 of 
the handpiece 18 could be held in the user's palm, such that a 
top of the palm of the hand covers the flapper 160. If the user 
prefers to actuate the flapper 160 with the user's thumb, the 
handpiece 18 could be held such that the user's pointer and 
middle fingers wrap around the first segment 136 of the body 
130 and the user's thumb rests on the flapper 160. Thus, the 
handpiece design of the present invention allows multiple 
hand positions by the user. 
0074 Embodiments of the present invention also provide 
a fingerpiece 166 that can be used with the handpiece 18 as the 
control point. As illustrated in FIG. 16, the fingerpiece 166 
comprises a generally cylindrical, hollowed body 168 and a 
generally triangularly shaped member 170 extending from 
the body 168. The body 168 and member 170 are preferably 
integrally formed of rubber or neoprene. The body 168 is 
shaped to snugly fit over the neck 132 of the handpiece 18. 
The member 170 includes a hollowed opening 172 extending 
through the member 170, such that at a first end 174 of the 
opening 172, one of the two switch valve control lines 54a, 
54b an be connected to the fingerpiece 166, and at a second 
end 176 of the opening 172, the user may position their thumb 
or other digit over the opening 172 so as to control the flow of 
pressurized air from the control chamber 64. For example, the 
user could wrap their hand around the neck 132 and body 130 
of the handpiece 18 and position their thumb against the 
second end 176 of the opening 172. Alternatively, the user 
could position the body 130 of the handpiece 18 against the 
user's palm, and position the user's pointer finger on the 
second end 176 of the opening 172 of the fingerpiece 166. 
Thus, when the fingerpiece 166 is used in conjunction with 
the handpiece 18, the switch valve control line 54a,54b will 
be connected to the fingerpiece 166 and not through the 
second chamber 144 of the body 130 of the handpiece 18. 
Moreover, the second end 176 of the opening 172 becomes 
the control point for the pressurized air. 
0075 Embodiments of the present invention also provide 
a footpiece 178 that can be used with the handpiece 18 as the 
control point. As illustrated in FIGS. 17-19, the footpiece 178 
comprises first and second plates 180,182 formed of steel, 
aluminum, or other Suitable material and having first and 
second ends 184,186. The plates 180,182 are coupled 
together at their first ends 184. The second plate 182 is 
intended to be placed on the floor and includes rubber or 
neoprene pads (not shown) located on an underside of the 
plate 182. The first plate 180 is intended to support the user's 
foot, and it also includes rubber or neoprene pads 188 posi 
tioned to facilitate holding of the foot in place. The second 
plate 182 includes a T-shaped extension 190 extending from 
the second end 186. The extension 190 is configured to hold 
a rubber or neoprene ring 192. The ring 192 is configured to 
receive a rubber or neoprene wedge 194 that is configured to 
be positioned between the plates 180,182 at their second ends 
186. The wedge 194 is fitted through the ring 192 and rests 
both on the T-shaped extension 190 and on the second end 186 
of the plate 182. Because the first and second plates 180,182 
are not secured to each other at their second ends 186, the 
wedge can fit snugly between the plates 180,182. 
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0076. The wedge 194 includes first and second openings 
196,198 connected by a channel (not shown) formed in the 
wedge 194. The first opening 196 is configured to receive one 
of the two switch valve control lines 54a,54b, and the second 
opening 198 is configured to rest under the second plate 182. 
Similar to the handpiece 18 and the footpiece 178, pressur 
ized air enters the channel at the first opening 196, and the 
bleed out of the air is controlled by the user pressing on the 
first plate 182, which consequently covers to varying degrees 
the second opening 198. Thus, the second opening 198 is the 
control point for the pressurized air. 
0077 Operation of the control system 10 in conjunction 
with the primary power system 38 will now be described. As 
disclosed in the 027 patent, the primary power system 38 
drives the piston 122 of the handpiece 18. Thus, operation of 
the piston 122 of the disclosed handpiece 18 herein is sub 
stantially the same as disclosed in the 027 patent and will 
only be described herein for explanation of the control system 
10 of the present invention. In particular, the primary power 
system 38 pulses air to the second chamber 144 of the body 
130 of the handpiece 18 via the pulsed air supply line 128 to 
drive the piston 122. As noted above, the primary power 
system 38 could alternatively supply non-pulsed, pressurized 
air via the supply line 128 to drive the piston 122. The pres 
surized air supplied to the piston 122 by the primary power 
system 38, however, is dependent on how much air is 
exhausted from the primary power system 38, as disclosed in 
the 027 patent. Because the control system 10 of the present 
invention is designed to work with the primary power system 
38, the exhaust line 50 from the primary power system 38 is 
in direct fluid communication with the spool valve 52 of the 
control system 10. Thus, instead of the exhaust air from the 
primary power system 38 exhausting into atmosphere, as is 
done without use of the control system 10, the exhaust air 
exhausts to the spool valve 52 of the control system 10. 
Because the exhaustair through the spool valve 52 is metered, 
based on the shape of the metering slot 76, the rate at which 
the exhaust air is actually exhausted out of the control system 
10 directly affects how the primary power system 38 drives 
the piston 122. 
0078. As disclosed in the 027 patent, pressurized air is 
supplied to the second chamber 144 of the body 130 of the 
handpiece 18. As more air is supplied to the chamber 144, the 
piston 122 is pushed forward against the spring 134. As the 
user exhausts the air out via a throttle (not shown), as dis 
closed in the 027 patent, the piston 122 is allowed to retract 
back. As the cycle continues and pressurized air is then Sup 
plied to the chamber again 144, the piston 122 again pushes 
forward against the spring 134. Because the piston 122 
directly drives the hammer tool 124, the cycle of supplying 
pressurized air to the chamber 144 and exhausting the air out 
via the throttle actuates the piston 122 and drives the hammer 
tool 124. The amount of pressurized air exhausted from the 
chamber 144 directly affects how far back the piston 122 is 
positioned in the chamber 144, and thus, how long of a stroke 
length is made with the hammer tool 124. The more air 
exhausted from the chamber 144, the farther back the piston 
122 moves within the chamber 144 (and away from the ham 
mer tool 124), and the longer the stroke length of the piston 
122. Often, the user does not desire to use the full stroke 
length of the hammer tool 124, and therefore, does not wish to 
exhaust as much pressurized air from the chamber 144. The 
control system 10 of embodiments of the present invention 
allows the user to finely and precisely control how much air is 
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exhausted. This is, as noted above, because the exhaustline 50 
from the primary power system 38 is fed through the control 
system 10 and, in particular, the spool valve 52. 
0079. As discussed above, two lines of pressurized air are 
fed to the spool valve 52 of the control system 10: the control 
line 54 and the exhaust line 50. The controlline 54 is fed to the 
control chamber 64 of the spool valve 52, and the exhaust line 
50 is fed to the load chamber 66 of the spool valve 52. 
Additionally, the control line 54 is in direct fluid communi 
cation with the control point of the handpiece 18, fingerpiece 
166, or footpiece 178, as also described above. Thus, as the 
user varies the amount of pressurized air escaping from the 
control point, the amount of pressurized air held within the 
control chamber 64 changes. If, for example, the user does not 
allow air to escape from the control point, then pressurized air 
builds in the control chamber 64. As the volume of air within 
the control chamber 64 increases, the spool 62 of the spool 
valve 52 is correspondingly moved towards the right end 84 of 
the valve body 58, and the spring 78 in the reference chamber 
68 is compressed by the spool 62. Because the reference 
chamber 68 is vented to atmosphere, there is a pressure dif 
ferential existing between the control chamber 64 and the 
reference chamber 68. As the control chamber 64 expands 
and the spool 62 is moved towards the right end 84 of the 
valve body 58, the load chamber 66 becomes aligned with the 
metering slot 76. Just prior to alignment of the load chamber 
66 with the metering slot 76, pressurized air from the exhaust 
line 50 is fed to the load chamber 66. Thus, as the load 
chamber 66 aligns with the metering slot 76, the pressurized 
air from the exhaust line 50 is vented to atmosphere at a rate 
dependent on the shape (and, consequently, exposed area) of 
the metering slot 76. If the user then allows the control point 
to stay open, the pressurized air from the control chamber 64 
bleeds out at the control point. The compressed force of the 
spring 78 housed within the reference chamber 68 is then 
released, and the spring 78 retracts, which then pushes the 
spool 62 to the left end of the valve body 58, decreases the size 
of the control chamber 64, and moves the control chamber 64 
out of alignment with the metering slot 76. If the user contin 
ues to allow the pressurized air to bleed out at the control 
point, the spool 62 does not move, or does not move to any 
significant amount, the exhaustair from the exhaust line 50 is 
not allowed to vent to atmosphere, the piston 122 stays at rest, 
and the hammer tool 124, consequently, does not move. Alter 
natively, if the user prevents, or mostly prevents, the pressur 
ized air from bleeding out of the control point, the volume of 
pressurized air in the control chamber increases 64, which 
consequently forces the spool 62 to the right end 84 of the 
valve body 58, compresses the spring 78, aligns the load 
chamber 66 with the metering slot 76, and allows exhaust air 
to vent through the metering slot 76 to atmosphere. If the user 
maintains the same amount of restricted air flow out of the 
control point, the load chamber 66 will continue to be aligned 
with the metering slot 76 so that air is exhausted out of the 
metering slot 76 almost as quickly as it is Supplied to the load 
chamber 66, resulting in continued pistoning of the piston 
122, i.e., full throttle. 
0080. The user will most often operate the handpiece 18 
between the above described extremes of the piston 122 being 
at rest and the piston 122 being at full throttle. In fact, users 
often prefer the hammer tool 124 operate at many levels and 
on a fluid continuum within the two extremes discussed. The 
handpiece 18 of embodiments of the present invention, and 
when used, the fingerpiece 166 and footpiece 178, provide a 
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mechanism for precisely varying the operation of the hammer 
tool 124 along a continuum of levels and not at only selected 
levels, as does prior art devices. 
I0081 Moreover, the control system 10 of the present 
invention, and in particular, the metering slot 76 of the spool 
valve 52 of the control system 10, provides for a more intui 
tive control of the handpiece 18. Even within a certain range 
of travel of the piston, the user can finely increment the piston 
travel with the assistance of the contoured metering slot 76. If 
a metering slot was used that was simply rectangular, circular, 
or elliptical, as are prior art slots, the user would not be able to 
finely increment the preferred piston travel within a certain 
range, as the air exhausted out of the prior art metering slot 
would not vary at the same rate as the metering slot of the 
present invention. 
I0082 Although the invention has been described with ref 
erence to the preferred embodiment illustrated in the attached 
drawing figures, it is noted that equivalents may be employed 
and Substitutions made herein without departing from the 
Scope of the invention as recited in the claims. For example, in 
the above-discussed design, the air in the reference chamber 
68 is vented to atmosphere, and therefore, the pressure of the 
reference air is the same as the atmospheric pressure. A 
design that uses a different reference pressure, such as a 
Supply of pressurized fluid orgas, could alternatively be used. 
0083. Another alternative is that the instead of the control 
system 10 and primary power system 38 being housed in 
different units, as illustrated in FIG. 1, the two systems 10.38 
could be housed in the same unit. In this embodiment, the 
systems 10,38 would still operate in conjunction with each 
other, with the only primary difference being that they are 
housed in the same unit. Therefore, it is to be understood that 
reference to the systems 10,38 herein is to comprise the 
systems 10.38 being housed independently or in the same 
unit, unless expressly noted otherwise. 
I0084 Another alternative is that instead of venting the air 
passing through the metering slot 76 of the load chamber 66 
to atmosphere, a hose could be connected to the metering slot 
76 to power an air tool, such that air vented from the metering 
slot 76 could be used to supply pressurized air to the air tool. 
FIG. 4 illustrates such a hose in phantom. 
0085. An even further alternative is that the three cham 
bers 64-68 described above could be constructed using three 
separate components. For example, the control chamber 64 
could be a discreet device, such as a small bellows or dia 
phragm assembly. The load chamber 66 could also be a dis 
creet device. Such as a pneumatic plunger valve connected to 
the control diaphragm by a mechanical connection. In this 
manner, the variation of pressurized air to the control cham 
ber 64 would cause the control diaphragm to move, which in 
turn would control the pneumatic flow of air to the handpiece 
by the mechanically connected, but separate, plunger valve. 
I0086. It is further noted that although the control system 
10 of the present invention has been discussed with respect to 
operation with the primary power system 38, the control 
system 10 is also operable to, when used alone, control air 
pressure to a pneumatic device by using the spool valve 52 of 
the control system 10 to vary the pressurized air to the device. 
I0087 Having thus described the preferred embodiment of 
the invention, what is claimed as new and desired to be pro 
tected by Letters Patent includes the following: 

1. A control system for use in conjunction with a primary 
power system, the primary power system operable to power a 
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hand-held tool, and the control system operable to control the 
amount of power to the tool, the control system comprising: 

an air delivery assembly including a first Supply line of 
pressurized air in fluid communication with the primary 
power system; 

a control assembly including— 
an exhaust line from the primary power system and to 

the control assembly, 
a spool valve having a spool containment body and a 

spool housed within the body operable to move freely 
along at least a portion of a length of the body, 

said spool valve being in fluid communication with the 
first Supply line and the exhaust line, 

wherein the spool containment body has a metering slot 
formed along a portion of its length, Such that air can 
be exhausted out of the body upon proper alignment 
of the spool valve with the metering slot, 

wherein a shape of the metering slot has no more than 
one axis of symmetry; 

a control line in fluid communication with the spool valve 
and the hand-held tool; and 

a second Supply line of pressurized air in fluid communi 
cation with the primary power system and the hand-held 
tool. 

2. The control system of claim 1, wherein pressurized air is 
fed through the second Supply line and operates to power the 
hand-held tool, and pressurized air is fed through the control 
line and operates to control the hand-held tool. 

3. The control system of claim 2, wherein the primary 
power system operates to exhaust pressurized air so as to 
power the hand-held tool, and further wherein the exhausted 
air is fed through the exhaust line and to the spool valve of the 
control system so as to assist in control of the hand-held tool. 

4. The control system of claim 1, wherein a location of the 
spool valve within the spool containment body determines 
formation of a control chamber, a load chamber, and a refer 
ence chamber within the body. 

5. The control system of claim 4, wherein the first supply 
line is fed to the control chamber of the spool valve, and the 
exhaust line is fed to the load chamber of the spool valve. 

6. The control system of claim 5, wherein pressurized air is 
fed through the first supply line and to the control chamber of 
the spool valve, and pressurized air is fed through the exhaust 
line and to the load chamber of the spool valve. 

7. The control system of claim 6, wherein any air fed to the 
reference chamber is fed to the atmosphere, and further 
wherein air input into the load chamber can be exhausted out 
of the body upon alignment of the load chamber with the 
metering slot. 

8. The control system of claim 7, wherein the pressurized 
air fed to the control chamber operates to expand the volume 
of the control chamber, which allows the load chamber to 
align with the metering slot. 

9. The control system of claim 6, wherein the pressurized 
air in the control chamber is operable to be exhausted out of 
the control chamber via the control line. 

10. The control system of claim 9, wherein the hand-held 
tool is operable to be controlled by a user by selectively 
expelling the pressurized air in the control chamber via a 
control point on the hand-held tool that is in fluid communi 
cation with the control line. 

11. A control system for use in conjunction with a primary 
power system, the primary power system operable to power a 
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hand-held tool having a piston, and the control system oper 
able to control the amount of power to the tool, the control 
system comprising: 

an air delivery assembly including a first Supply line of 
pressurized air in fluid communication with the primary 
power system; 

a control assembly including— 
an exhaust line from the primary power system and to 

the control assembly, 
a spool valve having a spool containment body and a 

spool housed within the body operable to move freely 
along at least a portion of a length of the body, 

said spool valve being in fluid communication with the 
first Supply line and the exhaust line, 

wherein the spool containment body has a metering slot 
formed alongaportion of body's length, Such that air can 
be exhausted out of the body upon proper alignment of 
the spool valve with the metering slot, 

wherein a length of travel of the piston of the hand-held tool 
is dependent upon a percentage of alignment between 
the spool valve and a length of the metering slot, 

wherein when the spool valve is aligned approximately 
within 0% to 20% of the length of the metering slot, the 
piston travels approximately 0 to 5% of its entire length 
of travel, 

wherein when the spool valve is aligned approximately 
within 20% to 40% of the length of the metering slot, the 
piston travels approximately 5% to 15% of its entire 
length of travel, 

wherein when the spool valve is aligned approximately 
within 40% to 60% of the length of the metering slot, the 
piston travels approximately 15% to 30% of its entire 
length of travel, 

wherein when the spool valve is aligned approximately 
within 60% to 80% of the length of the metering slot, the 
piston travels approximately 30% to 50% of its entire 
length of travel, and 

wherein when the spool valve is aligned approximately 
within 80% to 100% of the length of the metering slot, 
the piston travels approximately 50% to 100% of its 
entire length of travel; 

a control line in fluid communication with the spool valve 
and the hand-held tool; and 

a second Supply line of pressurized air in fluid communi 
cation with the primary power system and the hand-held 
tool. 

12. The control system of claim 11, wherein a location of 
the spool valve within the spool containment body determines 
formation of a control chamber, a load chamber, and a refer 
ence chamber within the body. 

13. The control system of claim 12, wherein the first supply 
line is fed to the control chamber of the spool valve, and the 
exhaust line is fed to the load chamber of the spool valve. 

14. The control system of claim 13, wherein pressurized air 
is fed through the first supply line and to the control chamber 
of the spool valve, and pressurized air is fed through the 
exhaust line and to the load chamber of the spool valve. 

15. The control system of claim 14, wherein any air fed to 
the reference chamber is fed to the atmosphere, and further 
wherein air input into the load chamber can be exhausted out 
of the body upon alignment of the load chamber with the 
metering slot. 

16. The control system of claim 15, wherein the pressur 
ized air fed to the control chamber operates to expand the 
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Volume of the control chamber, which allows the load cham- said spool valve being in fluid communication with the 
ber to align with the metering slot. first Supply line and the exhaust line, 

17. The control system of claim 16, wherein the pressur- wherein the spool containment body has a metering slot 
ized air in the control chamber is operable to be exhausted out formed along a portion of its length, Such that air can 
of the control chamber via the control line. be exhausted out of the body upon proper alignment 

18. The control system of claim 19, wherein the hand-held of the spool valve with the metering slot: 
tool is operable to be controlled by a user by selectively a control line in fluid communication with the spool valve 
expelling the pressurized air in the control chamber via a and the hand-held tool; and 
control point on the hand-held tool that is in fluid communi- a second Supply line of pressurized air in fluid communi 
cation with the control line. cation with the primary power system and the hand-held 

19. A control system for use in conjunction with a primary tool. 
power system, the primary power system operable to power a 20. The control system of claim 19, 
hand-held tool, and the control system operable to control the wherein pressurized air is fed through the second Supply 
amount of power to the tool, the control system comprising: line and operates to power the hand-held tool, and pres 

an air delivery assembly including a first Supply line of Surized air is fed through the control line and operates to 
pressurized air in fluid communication with the primary control the hand-held tool, and 
power system; wherein the primary power system operates to exhaust 

a control assembly including— pressurized air so as to power the hand-held tool, and 
an exhaust line from the primary power system and to further wherein the exhausted air is fed through the 

the control assembly, exhaust line and to the spool valve of the control system 
a spool valve having a spool containment body and a So as to assist in control of the hand-held tool. 

spool housed within the body operable to move freely 
along at least a portion of a length of the body, ck 


