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SAFETY SYSTEM FOR POWER EQUIPMENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 11/447,449, ?led Jun. 5, 2006, Which is a 
continuation of US. patent application Ser. No. 09/676,190, 
?led Sep. 29, 2000, issuing as US. Pat. No. 7,055,417 on Jun. 
6, 2006, Which application claims the bene?t of and priority 
from US. Provisional Patent Application Ser. No. 60/157, 
340, ?led Oct. 1, 1999 and US. Provisional Patent Applica 
tion Ser. No. 60/182,866, ?led Feb. 16, 2000. All ofthe above 
applications are hereby incorporated by reference in their 
entireties for all purposes. 

FIELD OF THE INVENTION 

[0002] The present invention relates to safety systems and 
more particularly to a high-speed safety stop for use on poWer 
equipment. 

BACKGROUND OF THE INVENTION 

[0003] Beginning With the industrial revolution and con 
tinuing to the present, mechaniZed equipment has alloWed 
Workers to produce goods With greater speed and less effort 
than possible With manually-poWered tools. Unfortunately, 
the poWer and high operating speeds of mechaniZed equip 
ment creates a risk for those operating such machinery. Each 
year thousands of people are maimed or killed by accidents 
involving poWer equipment. 
[0004] As might be expected, many systems have been 
developed to minimiZe the risk of injury When using poWer 
equipment. Probably the most common safety feature is a 
guard that physically blocks an operator from making contact 
With dangerous components of machinery, such as belts, 
shafts or blades. In many cases, guards are effective to reduce 
the risk of inj ury, hoWever, there are many instances Where the 
nature of the operations to be performed precludes using a 
guard that completely blocks access to haZardous machine 
parts. 
[0005] Various systems have been proposed to prevent 
accidental injury Where guards cannot effectively be 
employed. For instance, US. Pat. Nos. 941,726, 2,978,084, 
3,011,610, 3,047,116, 4,195,722 and 4,321,841, the disclo 
sures of Which are incorporated herein by reference, all dis 
close safety systems for use With poWer presses. These sys 
tems utiliZe cables attached to the Wrists of the operator that 
either pull back a user’s hands from the Work Zone upon 
operation or prevent operation until the user’s hands are out 
side the danger Zone. US. Pat. Nos. 3,953,770, 4,075,961, 
4,470,046, 4,532,501 and 5,212,621, the disclosures ofWhich 
are incorporated herein by reference, disclose radio-fre 
quency safety systems Which utiliZe radio-frequency signals 
to detect the presence of a user’s hand in a dangerous area of 
the machine and thereupon prevent or interrupt operation of 
the machine. 
[0006] US. Pat. Nos. 4,959,909, 5,025,175, 5,122,091, 
5,198,702, 5,201,684, 5,272,946, and 5,510,685 disclose 
safety systems for use With meat-skinning equipment, and are 
incorporated herein by reference. These systems interrupt or 
reverse poWer to the motor, or disengage a clutch, upon con 
tact With a user’s hand by any dangerous portion of the 
machine. Typically, contact betWeen the user and the machine 
is detected by monitoring for electrical contact betWeen a ?ne 
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Wire mesh in a glove Worn by the user and some metal com 
ponent in the dangerous area of the machine. Although such 
systems are suitable for use With meat skinning machines, 
they are relatively sloW to stop the motion of the cutting 
element because they rely on the operation of solenoids or 
must overcome the inertia of the motor. HoWever, because 
these systems operate at relatively loW speeds, the blade does 
not need to be stopped rapidly to prevent serious injury to the 
user. 

[0007] US. Pat. Nos. 3,785,230 and 4,026,177, the disclo 
sures of Which are herein incorporated by reference, disclose 
a safety system foruse on circular saWs to stop the blade When 
a user’s hand approaches the blade. The system uses the blade 
as an antenna in an electromagnetic proximity detector to 
detect the approach of a user’s hand prior to actual contact 
With the blade. Upon detection of a user’s hand, the system 
engages a brake using a standard solenoid. Unfortunately, 
such a system is prone to false triggers and is relatively sloW 
acting because of the solenoid. US. Pat. No. 4,117,752, 
Which is herein incorporated by reference, discloses a similar 
braking system for use With a band saW, Where the brake is 
triggered by actual contact betWeen the user’s hand and the 
blade. HoWever, the system described for detecting blade 
contact does not appear to be functional to accurately and 
reliably detect contact. Furthermore, the system relies on 
standard electromagnetic brakes operating off of line voltage 
to stop the blade and pulleys of the band saW. It is believed that 
such brakes Would take 50 ms- 1 s to stop the blade. Therefore, 
the system is too sloW to stop the blade quickly enough to 
avoid serious injury. 
[0008] None of these existing systems have operated With 
suf?cient speed and/or reliability to prevent serious injury 
With many types of commonly used poWer tools. Although 
proximity-type sensors can be used With some equipment to 
increase the time available to stop the moving pieces, in many 
cases the user’s hands must be brought into relatively close 
proximity to the cutting element in the normal course of 
operation. For example, many types of WoodWorking equip 
ment require that the user’s hands pass relatively close to the 
cutting tools. As a result, existing proximity-type sensors, 
Which are relatively imprecise, have not proven effective With 
this type of equipment. Even Where proximity sensors are 
practical, existing brake systems have not operated quickly 
enough to prevent serious injury in many cases. 
[0009] In equipment Where proximity-type detection have 
not proven effective, the cutting tool must stop very quickly in 
the event of user contact to avoid serious injury. By Way of 
example, a user may feed a piece of Wood through a table saW 
at a rate of approximately one foot per second. Assuming an 
average reaction time of approximately one-tenth of a second, 
the hand may have moved Well over an inch before the user 
even detects the contact. This distance is more than suf?cient 
to result in the loss of several digits, severing of vital vessels 
and tendons, or even complete severing of a hand. If a brake 
is triggered immediately upon contact With the saW’s blade, 
the blade must be stopped Within approximately one-hun 
dredth of a second to limit the depth of injury to one-eighth of 
an inch. Standard solenoids or other electromagnetic devices 
are generally not designed to act in this time scale, particu 
larly Where signi?cant force must be generated. For instance, 
in the case of solenoids or electromagnetic brakes that operate 
on 60 hZ electrical poWer, it is possible that the poWer line Will 
be at a phase that has loW voltage at the time the brake is 
triggered and several milliseconds may elapse before the 
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voltage reaches a suf?cient level even to begin physical dis 
placement of the brake, much less achieve a complete stop 
page of the blade or cutting tool. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a schematic vieW of a machine With a 
fast-acting safety stop according to the present invention. 
[0011] FIG. 2 is a schematic vieW of a contact detection 
system and a brake system of a fast-acting safety stop accord 
ing to the present invention. 
[0012] FIG. 3 is a schematic circuit diagram of an exem 
plary ?rst electrical system, an exemplary second electrical 
system, and an exemplary ?ring system according to the 
present invention. 
[0013] FIG. 4 is a sectional vieW ofa saW blade mounted on 
an arbor according to the present invention. 
[0014] FIG. 5 is a sectional vieW of an alternative charge 
plate con?guration according to the present invention. 
[0015] FIG. 6 is a schematic circuit diagram of an alterna 
tive ?rst electrical system, an alternative second electrical 
system, and an alternative ?ring system according to the 
present invention. 
[0016] FIG. 7 is a side elevation shoWing an alternative 
arrangement of a fusible member according to the present 
invention. 
[0017] FIG. 8 is a front elevation of the alternative arrange 
ment of FIG. 7. 
[0018] FIG. 9 is a ?owchart illustrating an exemplary con 
trol logic poWer-on sequence according to the present inven 
tion. 
[0019] FIG. 10 is a detailed sectional vieW of an alternative 
brake system using an explosive charge according to the 
present invention. 
[0020] FIG. 11 is a schematic vieW of an alternative paWl 
con?guration according to the present invention. 
[0021] FIG. 12 is a schematic vieW of an alternative paWl 
con?guration according to the present invention. 
[0022] FIG. 13 is a schematic vieW of an alternative paWl 
con?guration according to the present invention. 
[0023] FIG. 14 is a schematic vieW of an alternative paWl 
con?guration according to the present invention. 
[0024] FIG. 15 is a detail vieW ofan exemplary paWl con 
?guration to automatically detect correct blade-to-paWl spac 
ing according to the present invention. 
[0025] FIG. 16 is a side elevation of an alternative paWl 
con?guration according to the present invention. 
[0026] FIG. 17 is a top plan of the alternative paWl con?gu 
ration of FIG. 16. 
[0027] FIG. 18 is a side elevation of an exemplary imple 
mentation of a safety stop according to the present invention 
in the context of a table saW. 

[0028] FIG. 19 is a detail vieW of a cartridge-type safety 
stop according to the present invention. 
[0029] FIG. 20 is a side elevation of an exemplary imple 
mentation of a safety stop according to the present invention 
in the context of a miter saW. 

[0030] FIG. 21 is a top cross-section vieW taken along the 
line 21-21 in FIG. 20. 
[0031] FIG. 22 is an alternative implementation of the 
safety stop of FIG. 20 in Which the miter saW blade is adapted 
to sWing upWard When stopped by the paWl. 
[0032] FIG. 23 is a side elevation of an exemplary imple 
mentation of a safety stop according to the present invention 
in the context of a radial arm saW. 
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[0033] FIG. 24 is a side elevation of an exemplary imple 
mentation of a safety stop according to the present invention 
in the context of a circular saW. 
[0034] FIG. 25 is a side elevation of an exemplary imple 
mentation of a safety stop according to the present invention 
in the context of a band saW. 
[0035] FIG. 26 is a section vieW taken along the line 26-26 
in FIG. 25 and shoWing an alternative charge plate arrange 
ment according to the present invention. 
[0036] FIG. 27 is a schematic vieW of an alternative brake 
system according to the present invention. 
[0037] FIG. 28 is a side elevation of an exemplary imple 
mentation of a safety stop according to the present invention 
in the context of a jointer. 

DETAILED DESCRIPTION AND BEST MODE 
OF THE INVENTION 

[0038] A machine according to the present invention is 
shoWn schematically in FIG. 1 and indicated generally at 10. 
Machine 10 includes a motor assembly 12 adapted to drive a 
cutting tool 14. Motor assembly 12 includes one or more 
motors, at least one of Which is adapted to drive cutting tool 
14. For example, machine 1 0 may include one or more motors 
adapted to drive tool 14 as Well as one or more motors adapted 
to feed Work pieces, such as Wood, into contact With the 
cutting tool. Cutting tool 14 typically includes one or more 
blades or other suitable cutting implements that are adapted to 
cut or remove portions from the Work pieces. The particular 
form of cutting tool 14 Will tend to vary depending upon the 
various embodiments of machine 10. For example, in table 
saWs, chop and miter saWs, circular saWs and radial arm saWs, 
cutting tool 14 Will typically include a circular rotating blade 
having a plurality of teeth disposed along the perimetrical 
edge of the blade. For a jointer or planer, the cutting tool 
includes a plurality of radially spaced-apart blades. For a 
band saW, the cutting tool includes an elongate, circuitous 
tooth-edged band. 
[0039] A controller is disposedbetWeen motor assembly 12 
and a poWer source 22, and typically Will include one or more 
sWitches used to start and stop the operation of the machine. 
As shoWn, the controller takes the form of an electromagnetic 
contactor 16 that includes start and stop sWitches 18 and 20. 
An example of a suitable start sWitch 20 is a momentary 
contact sWitch that establishes a circuit to close the contactor 
upon operation. When the contactor is closed, poWer is deliv 
ered to the motor. The contactor includes an internal sWitch 
that maintains the circuit once the contactor is closed. As 
example of a suitable stop sWitch 22 is a normally-closed 
momentary sWitch that upon operation interrupts the circuit 
holding the contactor closed, thereby stopping the motor. It 
Will be appreciated that the above description is intended only 
to provide an illustrative example of such a contactor, and any 
other suitable actuator for starting and stopping the operation 
of the machine, such as solid-state devices, may be used. 
[0040] Machine 10 includes a safety stop 30 that stops the 
cutting tool abruptly upon contact betWeen the cutting tool 
and the user’s body. As used herein the phrases “virtually 
instantaneously,” “immediately,” “instantly,” “rapidly,” 
“abruptly,” and “suddenly” mean suf?ciently quickly to pre 
vent serious injury to a user, such as amputation of one or 
more of the user’s ?ngers, in the normal course of machine 
operation (i.e., the user is using the machine as intended, With 
normal feed rates, etc.). Stopping times of less than 10 milli 
seconds from initial contact betWeen the cutting tool and the 
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user are preferred, With stopping times of less than 5 milli 
seconds, or preferably less than 2 milliseconds being more 
desirable and potentially attainable With the safety stop of the 
present invention. Alternatively, the stopping times may be 
longer Where such Would be su?icient to prevent serious 
injury under the circumstances of normal use. For example, 
stopping times of 20, 50 or 100 milliseconds may be su?i 
cient. 
[0041] As Will be described in more detail beloW, safety 
stop 30 includes tWo major subsystems, a contact detection 
system 32 and a brake system 34. The contact detection 
system monitors the cutting tool for contact With a user. Upon 
detection of such contact, system 32 triggers the brake sys 
tem. In response to actuation by detection system 32, the 
brake system stops the cutting tool (or takes other action to 
eliminate the danger of injury) abruptly. 
[0042] In addition to actuating brake system 34, contact 
detection system 32 preferably also interrupts the poWer to 
the motor assembly, or at least the portion of motor assembly 
12 adapted to drive the cutting tool. For example, When 
machine 10 includes a magnetic contactor, such as described 
in the above example, the detection system may be adapted to 
interrupt the circuit holding the magnetic contactor closed so 
that poWer to the motor is interrupted. It should be understood 
that this step is optional, in that interrupting poWer to the 
machine’s motor assembly is not necessary or su?icient to 
prevent serious injury to the user When the user touches the 
machine’s cutting tool. Therefore, the principal bene?t of this 
step is to reduce the likelihood of damaging the motor assem 
bly or drive system While the brake system is preventing 
rotation or other movement of the cutting tool. 
[0043] It Will be appreciated that detection system 32 may 
employ any one or more of a Wide variety of methods for 
detecting contact or proximity betWeen the cutting tool and a 
user’s body. In vieW of the relatively high response speed of 
electronic signals and circuits, one suitable method includes 
using electrical circuitry to detect an electronic connection 
betWeen a user and the cutting tool. It is Well knoWn among 
those of skill in the art that the capacitance of the human body 
is approximately 300 picofarads. As a result, When a user 
contacts cutting tool 14, the capacitance of the user’s body is 
electrically coupled to the inherent capacitance of the cutting 
tool, thereby creating an effective capacitance that is larger 
than the inherent capacitance of the cutting tool alone. Thus, 
detection system 32 may be electrically coupled to measure 
the capacitance of the cutting tool, so that any substantial 
change in the measured capacitance Would indicate contact 
betWeen the user’s body and the cutting tool. The various 
prior art safety systems described above also provide various 
Ways to detect contact or proximity that can be used to trigger 
the brake system. 
[0044] A speci?c example of a capacitive touch-sensing 
detection system 32 is schematically illustrated in FIGS. 2 
and 3. Contact detection system 32 includes a ?rst electrical 
system that is con?gured to generate an input signal and that 
is capacitively coupled, via the cutting tool, to a second elec 
trical system con?gured to detect the input signal. In such an 
arrangement, any change in the capacitance of the cutting tool 
changes the input signal reaching the second electrical sys 
tem. Thus, contact betWeen a user’s body and the cutting tool 
causes the second electrical system to detect a change in the 
input signal. 
[0045] In the illustrated example, detection system 32 
includes a ?rst electrical system 38 con?gured to generate an 
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input signal. First electrical system 38 is connected to a 
charge plate 62 that is mounted close to, but spaced-apart 
from, a cutting tool 14, Which in FIG. 2 is shoWn in the form 
of a saW blade 64. Plate 62 is capacitively coupled to the saW 
blade by virtue of its siZe and placement parallel to and 
spaced-apart from the saW blade. A second charge plate 66 is 
also mounted close to the saW blade to establish a second 
capacitive coupling. It is Within the scope of the present 
invention that the number, siZe and placement of charge plates 
may vary. 
[0046] The effect of the arrangement shoWn in FIG. 2 is to 
form tWo capacitors in series through the blade, creating a 
capacitive shunt at the junction betWeen the capacitors. Thus, 
the input signal is transmitted from charge plate 62 through 
the blade and onto charge plate 66. As illustrated, exemplary 
contact detection system 32 also includes a second electrical 
system 88 connected to charge plate 66, and con?gured to 
detect changes in the input signal received at charge plate 66. 
[0047] When a user touches the saW blade, the capacitance 
of the user’s body creates a capacitive load on the blade. As a 
result, the siZe of the capacitive shunt betWeen the charge 
plates and the blade is increased, thereby reducing the charge 
that reaches plate 66. Thus, the magnitude of the input signal 
passed through the blade to plate 66 decreases When a user 
touches the blade. As Will be discussed in more detail beloW, 
second electrical system 88 is con?gured to respond to this 
change in the input signal With an output signal to brake 
system 34. 
[0048] In some cases, there may be a signi?cant amount of 
resistance at the contact point of the user’s dry skin and the 
blade. This resistance may reduce the capacitive coupling of 
the user’s body to the blade. HoWever, When the teeth on the 
blade penetrate the outer layer of the user’s skin, the moisture 
inherent in the internal tissue of skin Will tend to decrease the 
resistance of the skin/blade contact, thereby establishing a 
solid electrical connection. Moreover, as Will be described 
beloW, the sensitivity of second electrical system 88 can be 
adjusted as desired to recogniZe even slight changes in the 
input signal. 
[0049] While one exemplary system and method for detect 
ing contact betWeen the user’s body and the blade is described 
herein, many other systems and methods are available and 
Within the scope of the invention. For example, the detection 
system may sense the resistance of the human body upon 
contact betWeen the user’s body and the blade to detect con 
tact. As another example, a radio signal may be broadcast near 
the blade so that the user’s body acts as an antenna to change 
the signal received through the blade When contact is made 
betWeen the user’s body and the blade. Similarly, a signal 
could be applied to the user’s body by virtue of standing on a 
signal transfer mat or Wearing a transmitter and the detection 
system could monitor for reception of the signal upon contact 
With or proximity to the cutting tools. 
[0050] As a further example, a proximity detector may be 
used as described above. Since brake system 34 is capable of 
stopping the blade Within a feW milliseconds, the proximity 
detector may be set to trigger only upon extremely close 
positioning of the user’s body relative to the blade. This 
Would alloW the user to manipulate the Work piece close to the 
blade Without triggering the brake system. As another 
example, the Wire-mesh glove detection system described 
above in connection With the meat cutting equipment may be 
used. Thus, it Will be appreciated that While an exemplary 
embodiment has been described Which uses a capacitive con 
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tact detection system, any suitable method of detecting con 
tact or close proximity of the user’s body to the blade may be 
used. 

[0051] FIG. 3 illustrates one suitable con?guration of ?rst 
electrical system 38 and second electrical system 88. HoW 
ever, it Will be appreciated by those of skill in the electrical 
arts that the exemplary con?guration of detection system 32 
illustrated in FIG. 3 is just one of many con?gurations Which 
may be used. Thus, it Will be understood that any suitable 
embodiment or con?guration could be used Within the scope 
of the invention. 

[0052] As shoWn in FIG. 3, ?rst electrical system 38 
includes an oscillator circuit that generates a Wave input sig 
nal, such as a square Wave signal, at a frequency of approxi 
mately 200 khZ and voltage amplitude of 12 volts. Altema 
tively, ?rst electrical system 38 may be con?gured to generate 
a signal of a different frequency and/or a different amplitude 
and/ or different Waveform. The oscillator is formed by a pair 
of inverters 40, 42 from a CD4040 con?gured as a bistable 
oscillator. The output of inverter 40 is connected to a 100 pF 
capacitor 44, Which is connected through a 100 kQ resistor 46 
to the input of inverter 42. A 10 k9 resistor 48 is connected 
betWeen the output of inverter 42 to the junction betWeen 
capacitor 44 and resistor 48. The output of inverter 42 is 
connected to the input of inverter 40. A 10 k9 resistor 50 
connects the output of inverter 40 to the input of another 
inverter 52, Which serves as an output buffer to drive the input 
Wave signal onto the blade. A 2 kQ series resistor 54 functions 
to reduce any ringing in the input signal by damping the high 
frequency components of the signal. 
[0053] It Will be appreciated that the particular form of the 
oscillator signal may vary and there are many suitable Wave 
forms and frequencies that may be utiliZed. The Waveform 
may be chosen to maximiZe the signal-to-noise ratio, for 
example, by selecting a frequency at Which the human body 
has the loWest resistance or highest capacitance relative to the 
Workpiece being cut. In addition, there are many different 
oscillator circuits that are Well knoWn in the art and Which 
Would also be suitable for generating the input signal. 
[0054] The input signal generated by the oscillator is fed 
through a shielded cable 60 onto charge plate 62. Shielded 
cable 60 functions to insulate the input signal from any elec 
trical noise present in the operating environment, insuring 
that a “clean” input signal is transmitted onto charge plate 62. 
Alternatively, other methods may be used to prevent noise in 
the input signal. As a further alternative, second electrical 
system 88 may include a ?lter to remove any noise in the input 
signal or other electrical noise detected by charge plate 66. 
[0055] Generally speaking, the spacing of the charge plates 
from the blade is not critical. HoWever, it may be desirable to 
separate the plates from the blade by a distance selected to 
reduce the effect of de?ections in the blade on the capacitance 
betWeen the blade and the plates. For instance, if the blade is 
displaced 1/32 of an inch toWard one of the plates by loads 
created during cutting operations, the capacitance to that plate 
is increased. Since the capacitance is proportional to the area 
of the plate divided by the spacing, a relatively large spacing 
reduces the relative effect of a given blade displacement. 
Similarly, placing the plates relatively close to the center of 
the blade is preferable because the blade undergoes minimal 
lateral displacement nearer the arbor upon Which it is 
mounted. Distances in the range of approximately 1/32 inch 
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and approximately 1/2 inch have proven effective, although 
values outside this range could be used under appropriate 
circumstances. 

[0056] In an alternative embodiment, at least one of the 
charge plates may include one or more insulating spacers 68 
mounted on the side of the charge plate adjacent the blade, 
such as shoWn in FIG. 2. Spacers 68 act as physical barriers to 
prevent the blade from de?ecting too close to the charge plate. 
This may be especially useful When the distances betWeen the 
charge plates and the blade are relatively small. The spacers 
may be constructed of any suitable electrically insulating 
material, including ceramic, glass, etc. In the exemplary 
embodiment depicted in FIG. 2, spacers 68 cover only a small 
portion of the area betWeen the charge plates and the blade. As 
a result, the spacers have relatively little effect on the capaci 
tance betWeen the blade and the plate. Alternatively, the spac 
ers may cover a substantially larger portion, or even all of the 
space betWeen the charge plates and the blade. In this latter 
case, the spacer Will function, at least partially, as the dielec 
tric betWeen the conductive surfaces of the charge plates and 
the blade. Thus, the capacitance betWeen the blade and the 
charge plates Will vary depending on the dielectric constant of 
the spacer. In addition to one or more spacers 68 mounted 
betWeen the charge plates and the blade, opposing spacers 
(not shoWn) may be mounted on the side of the blade opposite 
the charge plates to prevent the blade from de?ecting too far 
from the charge plates. The spacers may be designed to slide 
on the surface of the blade so that the plates move With any 
de?ections of the blade. An advantage of this arrangement is 
the close spacing that can be established and maintained, 
thereby reducing the siZe of the plates. 
[0057] It Will be appreciated that the siZe of charge plates 62 
and 66 may also vary. Typical plate areas are betWeen 1 and 10 
square inches, although many different siZes may be used, 
including siZes outside of this typical range. An example of a 
suitable plate material is copper-plated printed circuit board, 
Which is relatively rigid and thin. Other examples include any 
relatively electrically conductive material such as gold, alu 
minum, copper, steel, etc. Where there are large grounded 
metal structures near the blade, a larger driving charge plate 
62 can be used to partially shield the blade from capacitive 
coupling to the grounded structure. Although the larger plate 
also Will have increased capacitive coupling to the grounded 
structure, this does not interfere With the operation of the 
system since ?rst electrical system 38 is capable of driving 
much larger capacitance loads than are created under these 
circumstances. 

[0058] As described above, the input signal is coupled from 
charge plate 62 to charge plate 66 via blade 64. As shoWn in 
FIG. 3, the signal received on charge plate 66 is then fed via 
a shielded cable 90 to second electrical system 88. The second 
electrical system is con?gured to detect a change in the signal 
due to contact betWeen the user’s body and the blade. It Will be 
appreciated that second electrical system 88 may be imple 
mented in any of a Wide variety of designs and con?gurations. 
In the exemplary embodiment depicted in FIG. 3, second 
electrical system 88 compares the amplitude of the input 
signal received at charge plate 66 to a determined reference 
voltage. In the event that the input signal received at charge 
plate 68 falls beloW the reference voltage for a determined 
time, the second electrical system produces an output signal 
to brake system 34. The brake system is con?gured to receive 
the output signal and immediately act to stop the blade. 
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[0059] The particular components of second electrical sys 
tem 88 may vary depending on a variety of factors including 
the application, the desired sensitivity, availability of compo 
nents, type of electrical poWer available, etc. In the exemplary 
embodiment, a shielded cable 90 is connected betWeen 
charge plate 66 and a voltage divider 91. Voltage divider 91 is 
formed by tWo 1M9 resistors 92, 94 connected in series 
betWeen the supply voltage (typically about 12 volts) and 
ground. The voltage divider functions to bias the output signal 
from charge plate 66 to an average level of half of the supply 
voltage. The biased signal is fed to the positive input of an 
op-amp 96. Op-amp 96 may be any one of many suitable 
op-amps that are Well knoWn in the art. An example of such an 
op-amp is a TL082 op-amp. The negative input of the op-amp 
is fed by a reference voltage source 97. In the exemplary 
embodiment, the reference voltage source is formed by a 10 
k9 potentiometer 98 coupled in series betWeen tWo 10 k9 
resistors 100, 102, Which are connected to ground and the 
supply voltage, respectively. A 0.47 [1F capacitor 104 stabi 
liZes the output of the reference voltage. 

[0060] As Will be understood by those of skill in the art, 
op-amp 96 functions as a comparator of the input signal and 
the reference voltage. Typically, the voltage reference is 
adjusted so that its value is slightly less than the maximum 
input signal voltage from charge plate 66. As a result, the 
output of the op-amp is loW When the signal voltage from the 
charge plate is less than the reference voltage and high When 
the signal voltage from the charge plate is greater than the 
reference voltage. Where the input signal is a periodic signal 
such as the square Wave generated by ?rst electrical system 
38, the output of op-amp 96 Will be a similar periodic signal. 
HoWever, When a user contacts the blade, the maximum input 
signal voltage decreases beloW the reference voltage and the 
op-amp output no longer goes high. 
[0061] The output of op-amp 96 is coupled to a charging 
circuit 106. Charging circuit 106 includes a 240 pF capacitor 
108 that is connected betWeen the output of op-amp 96 and 
ground. A 100 kQ discharge resistor 112 is connected in 
parallel to capacitor 108. When the output of op-amp 96 is 
high, capacitor 108 is charged. Conversely, When the output 
of op-amp 96 is loW, the charge from capacitor 108 discharges 
through resistor 112 With a time constant of approximately 24 
us. Thus, the voltage on capacitor 108 Will discharge to less 
than half the supply voltage in approximately 25-50 us unless 
the capacitor is recharged by pulses from the op-amp. A diode 
110 prevents the capacitor from discharging into op-amp 96. 
Diode 110 may be any one of many suitable diodes Which are 
Well knoWn in the art, such as a 1N914 diode. It Will be 
appreciated that the time required for capacitor 108 to dis 
charge may be adjusted by selecting a different value capaci 
tor or a different value resistor 112. 

[0062] As described above, charging circuit 106 Will be 
recharged repeatedly and the voltage across capacitor 108 
Will remain high so long as the detected signal is received 
substantially unattenuated from its reference voltage at op 
amp 96. The voltage from capacitor 108 is applied to the 
negative input of an op-amp 114. Op-amp 114 may be any one 
of many suitable op-amps Which are Well knoWn in the art, 
such as a TL082 op-amp. The positive input of op-amp 114 is 
tied to a reference voltage, Which is approximately equal to 
one-half of the supply voltage. In the exemplary embodiment 
depicted in FIG. 3, the reference voltage is provided by ref 
erence voltage source 97. 
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[0063] So long as charging circuit 106 is recharged, the 
output of op-amp 114 Will be loW. HoWever, if the output of 
op-amp 96 does not go high for a period of 25-50 us, the 
voltage across capacitor 108 Will decay to less than the ref 
erence voltage, and op-amp 114 Will output a high signal 
indicating contact betWeen the user’s body and the blade. As 
Will be described in more detail beloW, the output signal from 
op-amp 114 is coupled to actuate brake system 34 and stop the 
blade. The time betWeen contact and braking can be adjusted 
by selecting the time constant of capacitor 108 and resistor 
112. 

[0064] It should be noted that, depending on the siZe, con 
?guration and number of teeth on the blade and the position of 
contact With the operator, the electrical contact betWeen the 
operator and blade might be intermittent. As a result, it is 
desirable that the system detect contact in a period less than or 
equal to the time a single tooth Would be in contact With a 
user’s ?nger or other body portion. For example, assuming a 
10-inch blade rotating at 3600 rpm and a contact distance of 
about one-quarter of an inch (the approximate Width of a 
?ngertip), a point on the surface of the blade, such as the point 
of a tooth, Will be in contact With the user for approximately 
100 us. After this period of contact, there Will normally be an 
interval of no contact until the next tooth reaches the ?nger. 
The length of the contact and non-contact periods Will depend 
on such factors as the number of teeth on the blade and the 
speed of rotation of the blade. 

[0065] It is preferable, though not necessary, to detect the 
contact With the ?rst tooth because the interval to the second 
tooth may be substantial With blades that have relatively feW 
teeth. Furthermore, any delay in detection increases the depth 
of cut that the operator Will suffer. Thus, in the exemplary 
embodiment, the charging circuit is con?gured to decay 
Within approximately 25-50 us to ensure that second electri 
cal system 88 responds to even momentary contact betWeen 
the user’s body and the blade. Further, the oscillator is con 
?gured to create a 200 khZ signal With pulses approximately 
every 5 us. As a result, several pulses of the input signal occur 
during each period of contact, thereby increasing the reliabil 
ity of contact detection. Alternatively, the oscillator and 
charging circuit may be con?gured to cause the detection 
system to respond more quickly or more sloWly. Generally, it 
is desirable to maximiZe the reliability of the contact detec 
tion, While minimiZing the likelihood of erroneous detec 
tions. 

[0066] It Will be appreciated by those of skill in the art that 
blade 64 should be insulated from ground to alloW the input 
signal to be capacitively coupled from charge plate 62 to 
charge plate 66. In the exemplary embodiment depicted in 
FIG. 4, blade 64 is electrically isolated from arbor 70 on 
Which it rides, thus insulating the blade from ground and the 
remaining structure of the machine. There are a variety of 
suitable arrangements for providing electrical insulation 
betWeen the blade and the arbor, Which may vary depending 
on the particular con?guration of machine 1 0. For example, in 
the case of a 5/s-inch arbor shaft 70, blade 64 can be formed 
With a one-inch diameter hole into Which a 3/16-111Ch thick 
cylindrical plastic bushing 72 is ?tted, such as shoWn in FIG. 
4. Insulating Washers 74, 76 are disposed on either side of the 
blade to isolate the blade from the arbor ?ange 78 and arbor 
Washer 80. The insulating Washers should be thick enough 
that only negligible capacitance is created betWeen the blade 
and the grounded arbor ?ange and Washer. A typical thickness 
is approximately 1/s-inch, although l/32-inch or less may be 
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suitable depending on other factors. In addition, it is possible 
to construct some or all of the arbor components from non 
conductive materials, such as ceramic, to reduce or eliminate 
the need for electrical isolation from the arbor. 
[0067] An arbor nut 82 holds the entire blade assembly on 
arbor 70. Friction established by tightening the arbor nut 
alloWs torque from the arbor to be transmitted to the saW 
blade. It is preferable, although not essential, that the blade be 
able to slip slightly on the arbor in the event of a sudden stop 
by the brake to reduce the mass that must be stopped and 
decrease the chance of damage to the blade, arbor, and/or 
other components in the drive system of the saW. Further 
more, it may be desirable to construct the bushing from a 
material that is soft enough to deform When the blade is 
stopped suddenly. For example, depending on the type of 
braking system used, a substantial radial impact load may be 
transmitted to the arbor When the brake is actuated. A deform 
able bushing can be used to absorb some of this impact and 
reduce the chance of damage to the arbor. In addition, proper 
positioning of the brake in combination With a deformable 
bushing may be employed to cause the blade to move aWay 
from the user upon activation of the brake, as Will be dis 
cussed in further detail beloW. 
[0068] In an alternative embodiment, the arbor and/or part 
of its supporting framework is electrically isolated from 
ground instead of isolating the blade from the arbor. One 
bene?t of this embodiment is that if the blade is electrically 
connected to the arbor, then the arbor itself can be used to 
capacitively couple the input signal from charge plate 62 to 
charge plate 66. While the particular implementation of this 
alternative embodiment Will vary With the con?guration of 
the cutting tool, one exemplary implementation is depicted in 
FIG. 5. As shoWn, blade 64 is mounted directly onto arbor 70. 
As in FIG. 4, the blade is secured to the arbor by arbor ?ange 
78, arbor Washer 80 and arbor nut 82. 
[0069] The arbor is supported for rotational movement by a 
pair of bearings 79 spaced along the elongate axis of the arbor. 
HoWever, bearings 79 do not contact the arbor directly. 
Instead, electrically insulating sleeves 84 are disposed 
betWeen the arbor and the bearings. Bearings 79 are mounted 
in a movable arbor block 81. The arbor block alloWs the blade 
to be raised and loWered, as Well as to be inclined for angled 
cuts. A motor (not shoWn) drives the arbor through a belt 83 
that loops over a pulley 86 on the end of the arbor opposite the 
blade. The belt typically is non-conducting and thus does not 
electrically couple the arbor to ground. 
[0070] Sleeves 84 may be constructed of any suitable mate 
rial that is relatively durable and non-conductive, including 
plastic, ceramic, etc. The sleeves may be con?gured to ?t over 
a constant-diameter arbor as shoWn, or the arbor may be 
notched to receive the sleeves so that the outer diameter of the 
sleeves are ?ush With the outer diameter of the arbor. Further 
more, it Will be appreciated that there are many other arrange 
ments for electrically insulating the arbor. As just a feW 
examples, sleeves 84 may be disposed betWeen bearings 79 
and arbor block 81, or at least portions of the bearings may be 
constructed of non-conductive materials. Alternatively, larger 
portions of the arbor assembly may be isolated from the rest 
of the saW. 

[0071] In any event, charging plates 62 and 66 are disposed 
alongside, but slightly spaced from, the arbor. The charging 
plates typically are shaped and arranged relative to the arbor 
to ensure adequate capacitive coupling. For example, the 
charging plates may be trough-shaped to conform to the 
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cylindrical shape of the arbor, as illustrated in FIG. 5. Alter 
natively, the plates may be ring-shaped to completely sur 
round axially-spaced portions of the arbor. The charging 
plates typically are supported on arbor block 81, such as by 
mounts 85 extending from the frame. This arrangement 
ensures that the charging plates Will move in tandem With the 
arbor When the position or angle of the blade is adjusted. The 
mounts usually Will be con?gured to electrically insulate the 
charging plates from the frame. The charge plates can be 
positioned very close to the arbor because it does not de?ect 
during use like the blade, thereby alloWing smaller charge 
plates to the utiliZed. 
[0072] While a feW exemplary arrangements for capaci 
tively coupling the charging plates to the arbor have been 
described, it Will be understood that there are many suitable 
arrangements and that the invention is not limited to any 
particular one. For example, one or both of the charging plates 
may be positioned on the other side of the pulley (as illus 
trated in FIG. 5) Where there is insuf?cient room betWeen the 
bearings, or betWeen the bearings and the belt. Also, a direct 
rather than capacitive electrical connection to the blade can be 
maintained to detect the capacitive load of the user upon 
contact. 

[0073] Turning attention noW to brake system 34, there are 
many possible methods of stopping blade 64 once detection 
system 32 signals a contact betWeen the user’s body and the 
blade. In one embodiment, brake system 34 includes one or 
more paWls con?gured to move into contact With the blade 
and bring the blade to an immediate stop. The paWls typically 
are positioned in relatively close proximity to the blade to 
reduce the amount of time required to move the paWl into 
contact With the blade. A driving mechanism is responsive to 
the output signal of detection system 32 to move the paWl into 
contact With the blade. The paWls may engage any one or 
more portions of the blade, including the teeth, the sides, etc. 
Alternatively, the paWls may engage the arbor provided the 
blade is rigidly attached to the arbor to prevent rotation of the 
blade during a sudden stop of the arbor. Some arbor assem 
blies include an arbor ?ange 78 having a pin 77 that extends 
parallel to arbor shaft 70 to engage a hole in the blade spaced 
from the center hole, such as shoWn in dashed lines in FIG. 4. 
If present, pin 77 may be a shear pin to alloW the blade to be 
stopped virtually instantaneously Without also stopping the 
arbor. 

[0074] One exemplary embodiment of brake system 34 is 
illustrated schematically in FIG. 2. It Will be appreciated that 
the arrangement of the various elements of the brake system 
Will vary With the con?guration of the particular cutting tool. 
As shoWn, a single brake paWl 140 is pivotally mounted to the 
saW frame over a shoulder bolt 142 that is screWed into, or 
otherWise secured to, the frame of the saW adjacent the blade. 
The paWl is mounted to engage the teeth at the periphery of 
the blade. The end of the paWl adjacent the blade may be 
beveled or otherWise shaped to ensure that the paWl engages 
the teeth completely and immediately upon contact. In addi 
tion, the shape of the paWl may be designed such that once 
contact With the teeth occurs, the motion of the blade pivots 
the paWl further and drives the paWl more tightly against the 
teeth. 

[0075] In the exemplary embodiment, the driving mecha 
nism includes a spring 130 adapted to press the free end of the 
paWl against the blade. Typically, the spring Will be con?g 
ured to exert continuous force on the paWl in the direction of 
the blade once the brake system is actuated. This Will ensure 




























