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AIR TOOL 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This application is a continuation of application Ser. No. 
08/353,244, ?led Dec. 2, 1994 now US. Pat. No. 5,525,842. 

BACKGROUND OF THE INVENTION 

The present invention relates in general to improvements 
to air powered tools and, in particular, to improvements to 
air powered tools that have an air motor having an integral 
generator (integrated air motor generator or IAMG). 
An air tool with an air motor having an integral generator 

is disclosed in US. Pat. No. 4,678,922 issued on Jul. 7, 1987 
to the inventor of the present invention. US. Pat. No. 
4,678,922 is hereby incorporated by reference. FIG. 12 
shows the side-pole arrangement of the air motor and 
integral generator of the ’922 patent. As shown in FIG. 12, 
the side-pole arrangement includes a bearing 139 at the 
working end of the tool, a bearing end plate 178, an 
insulating ring 142, coils 180, a magnet rotor 174 having 
magnets 176, an air chamber 134, a rotor shaft 146, a rotor 
body 148, ?ns 150, a bearing end plate 142, a bearing 154 
and a retaining ring 156. 

In the side-pole arrangement of FIG. 12, the magnet rotor 
174 and coils 180 are positioned between the working end 
of the air tool and the rotor body 148. In such a position, it 
has been found that the magnet rotor 174 and coils 180 are 
subjected to a large amount of vibrations transmitted from 
the working end of the tool. These vibrations are freely 
transmitted directly to the permanent magnets 176 in the 
magnet rotor 174 thereby causing detrimental changes in the 
magnetic properties (magnetic disorientation) over time. 
This magnetic disorientation results in diminished energy 
from the magnetic circuit and consequent diminished elec 
trical output from the generator. 

Another problem associated with the prior art side-pole 
arrangement is overheating of the coils 180. Overheating of 
the coils 180 causes the speci?c resistance of the current 
carrying conductors (wire) comprising the coils to increase 
thereby diminishing the electrical output of the generator. 

FIG. 13 shows a prior art air tool 310 having rechargeable 
batteries 332, a handle 326, an air motor 318, a shaft 320, a 
casing 314, a disc 322, a lever 324, an air hose 312, an air 
hose ?tting 316, a gooseneck 330 and a lamp 328. 
A problem with the air tool of FIG. 13 is that the 

gooseneck lamp 330, 328 must be frequently adjusted to 
provide adequate lighting to the work surface. The goose 
neck lamp 330, 328 also undesirably adds to the overall 
exterior dimensions of the air tool 310 thereby making it 
more difficult to work in cramped areas. 

There has also been a need to provide smaller air tools 
which can generate the same amount of or more electricity 
than a larger tool. Smaller tools are desirable for working in 
smaller areas and for reducing the amount of materials 
required for manufacture of the tool. Increased power capa 
bility is desirable to provide better lighting and to enable 
other electrically driven devices to be powered by the 
integral air motor generator. 

Another problem with the prior art air motors with 
integral generators is determining whether or not the gen 
erator is functioning properly. That is, if the generator 
malfunctions and power begins to be drawn from the 
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2 
batteries, it is desirable to know that the generator is 
malfunctioning prior to complete discharge of the batteries 
and censequent total loss of electric power. 

Still another problem with the prior art is determining 
when the movable air vanes 150 (FIG. 12) are not 
adequately lubricated. Inadequate lubrication of the vanes 
150 results in excessive wear to components of the motor, 
decreased power output and possible seizing of the motor. 
Therefore, it is desirable to have an indication of the lack of 
adequate lubrication prior to any damage to the tool. 
A problem with air tools that do not have an integrated 

generator is that of providing adequate lighting to the work 
area. Battery packs or separate lighting devices are heavy in 
weight and increase the number of separate items that must 
be transported to a work area. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
improved air tool wherein the integrated generator is sub 
jected to less vibration. 

It is another object of the present invention to provide an 
improved air tool wherein the integrated generator operates 
in a cooler environment. 

It is yet another object of the present invention to provide 
an improved air tool with an integrated lighting device 
which is light in weight, automatically directed towards the 
working area and is small in siZe. 

It is a further object of the invention to provide an 
improved air tool which can be made smaller in siZe. 

It is still another object of the present invention to provide 
an improved air tool with increased electrical power capa 
bility. 

It is yet another object of the present invention to provide 
an improved air tool which can indicate whether or not the 
generator is charging. 

It is yet a further object of the present invention to provide 
an improved air tool which indicates whether or not lubri 
cation to the air vanes is sufficient. 

Another object of the present invention is to provide an 
illuminating apparatus with an integrated electric generator 
for providing light to a conventional air powered tool. 

These and other objects of the present invention are 
achieved by an air tool having a working end and comprising 
a tool housing; a compressed air inlet; and an integrated air 
motor and electrical generator, for powering the air tool and 
positioned within the housing, the integrated air motor and 
electrical generator including a shaft mounted on a bearing, 
for rotation within the housing; a rotor body attached to the 
shaft; a plurality of vanes connected to the rotor body; a 
plurality of magnetic elements disposed in the rotor body; 
and a stator positioned within the housing axially aligned 
with the rotor body, on a side of the rotor body opposite the 
working end of the air tool and between the compressed air 
inlet and the rotor boy such that compressed air ?ows across 
the stator, wherein the stator interacts with the magnetic 
elements to generate electricity when the rotor body is 
rotated by the compressed air. 

Preferably, the bearing on which the shaft is mounted is 
positioned on a side of the rotor body adjacent the working 
end of the tool and the shaft does not extend beyond the 
opposite side of the rotor body. 

Advantageously, the stator includes a stator housing and 
the air tool further comprises a rotor collar disposed on the 
shaft on a side of the rotor body adjacent the working end of 
the tool, for maintaining a desired gap between the side of 
the rotor body opposite the working end of the tool and the 
stator housing. 
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Another aspect of the invention includes an air tool 
having a Working end and comprising a tool housing; a 
compressed air inlet; an integrated air motor and electrical 
generator, for poWering the tool and positioned Within the 
housing, the integrated air motor and electrical generator 
including a shaft mounted on a bearing, for rotation Within 
the housing; a rotor body attached to the shaft; a plurality of 
vanes connected to the rotor body; a plurality of magnetic 
elements disposed in the rotor body; an air cylinder made of 
a nonmagnetic material and surrounding the plurality of 
vanes; and a stator positioned Within the housing axially 
aligned With the rotor body, Wherein the stator interacts With 
the magnetic elements to generate electricity When the rotor 
body is rotated by the compressed air and Wherein the air 
tool further comprises a battery charging circuit and a 
battery connected to the stator; and an indicating circuit 
connected to the battery charging circuit for indicating a 
battery charge condition, a battery discharge condition, and 
a loW lubrication condition. 

Preferably, the indicating circuit includes a resistance 
temperature detector bridge comprising a thermistor dis 
posed in the vicinity of the air cylinder and responsive to a 
temperature of a cylinder Wall and a thermistor responsive to 
a temperature of the compressed air. 

In a preferred embodiment, the air tool includes a light 
ring assembly attached to the tool housing to provide light 
at the Working end of the tool. 
One embodiment of the light ring assembly includes a 

generally cylindrical retainer ring having open ends and 
connected to the tool housing; an annular lens disposed in 
the retainer ring at an end furthest from the tool housing; an 
annular re?ector having a plurality of openings formed 
therein and disposed adjacent the lens; and an annular ring 
having a plurality of lamps that are inserted in the openings 
of the annular re?ector Wherein the lamps are electrically 
connected to the stator. 

Another embodiment of the light ring assembly includes 
a lamp electrically connected to the stator; and a plurality of 
optical ?bers having ?rst ends optically coupled to the lamp 
and second ends that terminate in a circular array at the 
Working end of the tool. 

The present invention also includes an illuminating appa 
ratus for a poWer tool having a spindle and a tool housing, 
the illuminating apparatus comprising a housing having ?rst 
and second ends; a lens disposed at the ?rst end of the 
housing; a lamp disposed behind the lens; a re?ector sur 
rounding the lamp and including a coil connected to the 
lamp; and a rotor including a magnetic element Wherein the 
rotor is attachable to the spindle and is disposed adjacent the 
coil Whereby rotation of the rotor induces electromotive 
force in the coil and Wherein the second end of the housing 
includes a retaining ring for attachment to the tool housing. 

These and other objects, features and advantages of the 
present invention Will become apparent from the folloWing 
detailed description taken in conjunction With the accom 
panying draWing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The draWings are hereby expressly made a part of the 
speci?cation. 

FIG. 1 is a perspective vieW of a cantilever rotor shaft 
shoWing the sidepole integration of magnetic circuit ele 
ments; 

FIG. 2 is a perspective vieW of a four pole generator stator 
core shoWing the coil form and coils and their positioning 
With respect to the core; 
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4 
FIG. 3 is an exploded perspective vieW of an improved 

IAMG stator assembly shoWing the core With coils mounted, 
electrical connections and housing; 

FIG. 4 is a composite multidimensional vieW of the stator 
in its assembled form; 

FIG. 5 is an exploded vieW of an IAMG shoWing the 
relative positioning of each of its components; 

FIG. 6 is a transverse cutaWay vieW of the interior of an 
air tool shoWing the air inlet, throttle mechanism, block 
diagram of battery charging and indicator LED circuit, 
generator stator, cantilever rotor With air vanes, front bearing 
supports, PTO (power take off), battery cells, electrical 
contacts and housing; 

FIG. 7 is a transverse cutaWay vieW of the exterior 
housing of an air tool having an integrated light ring 
appliance; 

FIG. 8 is a transverse sectional vieW of a complete air tool 
having an integrated light ring appliance; 

FIG. 9 is an exploded perspective vieW of a light ring 
appliance; 

FIG. 10 is a multidimensional vieW of a tool light ring 
assembled in relation to a keyless drill chuck of clear plastic 
Which can alloW light to pass through to the drilling surface; 

FIG. 11 is a partial transverse cutaWay vieW of the front 
portion of a high speed tool shoWing an integrated light ring 
generator attached to the tool; 

FIG. 12 shoWs a prior art side-pole air motor With integral 
generator; and 

FIG. 13 shoWs a prior art gooseneck lamp on an air tool; 
FIG. 14A is an exploded vieW of another embodiment of 

a stator assembly; 

FIG. 14B shoWs the stator assembly of FIG. 14A 
assembled; 

FIG. 15A shoWs the stator of FIG. 14B in an air tool With 
the housing partially cutaWay; 

FIG. 15B shoWs a tool cover for the air tool of FIG. 15A 
With the tool cover partially cutaWay; 

FIG. 15C shoWs the tool cover of FIG. 15B mounted on 
the tool of FIG. 15A; 

FIG. 16 shoWs another embodiment of an air tool having 
a stator similar to that of FIG. 14B; 

FIG. 17 schematically shoWs an optical ?ber light ring 
arrangement; and 

FIG. 18 schematically shoWs another optical ?ber light 
ring arrangement. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

An integral air motor generator (IAMG) converts com 
pressed air into rotary torque and electricity. The inventive 
IAMG utiliZes an improved sidepole stator and rotor 
arrangement. 

FIG. 1 shoWs a modi?ed rotor body 50 referred to as a 
cantilever rotor. The cantilever rotor design improves mag 
netic induction and decreases the required amount of space, 
thereby alloWing the incorporation of the IAMG into small 
air poWered tools. Signi?cantly improved magnetic induc 
tion in the electromagnetic circuit of the generator has been 
achieved through the incorporation of the magnetic elements 
51 into the air motor rotor body 50 (or a segment of the 
same) in a sidepole arrangement as shoWn and utiliZing 
nonmagnetic material for the shaft 53 and rotor body 50 
(such as stainless steel carbon ?ber reinforced thermoplastic 
or glass ?ber reinforced thermoplastic). 
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An improved permanent magnet 51 is made of a metallic 
compound consisting of the element neodymium (Symbol 
Nd, Atomic number, 60, Atomic weight, 144.27) mixed with 
iron and boron (NdFeB), whereby replacing magnets of 
ceramic or cobalt. The utiliZation of the NdFeB material 
raises the average magnetic ?ux density in the electromag 
netic circuit from about 27 mega gauss (MG), the maximum 
average in prior generator embodiments utiliZing Samarium 
Cobalt, to about 38 MG with a maximum level of about 42.5 
MG. The increased magnetic ?ux density proportionally 
increases the emf generated in the generator’s stator coils. 

Again referring to FIG. 1, the amount of space required 
for the IAMG has been reduced by eliminating the axial rear 
support portion of the shaft that would be located at 52 and 
also eliminating the rear alignment bearing 154 and end 
plate 152 (see FIG. 12), thereby making room for the 
generator stator at the rear of the tool. A second alignment 
bearing is then positioned on the shaft’s opposing (front) end 
at 53. 

The cantilever rotor arrangement is not necessary when 
working with a conventional rotor shaft over one inch in 
diameter. In this case, the rear bearing can be set directly into 
the core of the generator’s stator with a bore through the 
center of the core and stator housing to allow for the 
alignment of a conventional shaft. A bearing comprising 
magnetic material positioned as described has no detrimen 
tal effect on the conducting of magnetic ?ux through the core 
path. 

FIG. 2 shows a side (four) pole stator core generally at 54, 
coil from 55 and coil 56. The stator core 54 has a ring or 
toroidial base con?guration 54a with an even number of 
poles 57 which support plastic coil forms 55 with copper 
windings forming the coils 56. The poles 57 with coils 56 are 
positioned equidistant from each other such that the faces of 
each pole 57 line up with the faces of the magnets 51 in the 
rotor shaft 50 of FIG. 1. The object of the alignment is so 
that the magnetic ?ux is, for practical purposes, entirely 
within the core material as the magnets line up with the top 
of the poles, so that interaction with nearby components is 
minimiZed and also so that the ?ux follows a desired path 
through the center of the coils. 

The core 54 may be made of a high-permeability mag 
netic alloy referred to as Hiperco 50A Permendur 49 con 
taining 49.4 percent of cobalt (Symbol, Co, Atomic number, 
27, Atomic Weight 58.94), 1.94 percent vanadium (Symbol, 
V, Atomic number, 23, Atomic weight, 50.95) with the 
balance iron. Another alloy with similar magnetic properties 
has also been practiced, which alloy is referred to in the trade 
as Alloy 4750 containing 47.56 percent nickel (Symbol, Ni, 
Atomic number, 28, Atomic weight 58.71) with the balance 
iron. These materials at their highest magnetic saturation 
exhibit a magnetic ?ux density near 1.2><10000 gauss or 1.2 
teslas and have a low hysteresis loss. The above alloys were 
selected because they are capable of conducting magnetic 
?ux direction (N/S) changes exceeding frequencies of 1000 
HZ, which are necessary due to the rotational velocity of the 
rotor shaft’s magnetic circuit assembly which may exceed 
30,000 rpm. 

Improved electrical induction has also been accomplished 
by utiliZing coil windings 56 made of 100 percent copper 
(Symbol, Cu, Atomic number 29, Atomic weight, 63.54) and 
having coil forms 55 with minimal inside wall thickness 
(approx. 0.010 inch). 

FIG. 3 shows an exploded perspective view of the com 
ponents comprising the generator stator designated gener 
ally as 58. Included are the core and coil assembly 59, coil 
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6 
lead wires with positive circuit contact 60, coil lead wires 
with negative circuit contact 61, positive front stator housing 
62, nonconductive spacer 63, and negative rear stator hous 
ing 64. FIG. 4 is a composite multidimensional view of the 
assembled stator and FIG. 5 is an exploded view of the 
IAMG showing the relative positions of the rotor 50, mag 
nets 51 and stator 58 with the other components of the air 
motor. 

Improved operating efficiency has been maintained for 
extended periods by positioning the generator stator 58 and 
corresponding rotor body magnetic elements 51 at the air 
inlet end of the air motor and, preferably, by further pro 
viding rubber or plastic damping sleeves 51A surrounding 
the magnets 51, thereby isolating the stator and rotor body 
permanent magnet components from transient vibrations 
transmitted from the working end of the shaft. That is, the 
generator stator 58 is positioned in axial alignment with the 
rotor body 50, on a side of the rotor body 50 opposite the 
working end of the air tool and the magnetic elements 51 are 
positioned accordingly. By positioning the stator 58 and 
damped rotor magnets 51 remote from the working end of 
the air tool, it has been found that the stator 58 and magnets 
51 experience less vibration. 

Less vibration is experienced because working end 
vibrations, such as grinding vibrations, diminish in ampli 
tude due to the presence of resisting forces such as clamping 
of the bearings upon the working end of the shaft, com 
pressed air resistance, and friction between the sliding vanes 
72 and the rotor body grooves and between the sliding vanes 
72 and the inside of the cylinder wall. 

Improved abrasion resistance and consequent increased 
life of the air cylinder 66 may be achieved by chrome plating 
the inside of the air cylinder 66. The chrome plate provides 
a tougher surface against which the air vanes 72 bear. 
Improved efficiency and durability is also accomplished 

by potting the core assembly 59 and circuit connections 60 
and 61 in thermal conductive potting material (not shown) 
and enclosing the potted components within a nonferrous 
stainless steel or titanium housing 62 and 64. The potting 
procedure forms a monolithic structure permitting no move 
ment of parts, having no external wire leads and no discrete 
external electrical connections other than the conductive 
halves of the generator housing separated by a nonconduc 
tive plastic spacer 63 (FIG. 3). The structural homogeneity 
provided by this method of construction maximiZes the 
ruggedness of the device, protecting the otherwise sensitive 
core, copper windings and coil connections from the del 
eterious effects of the air motor environment. 

Internal heat produced by current running through the coil 
wires is thermoconducted by the potting material from the 
windings to the metal housing 62 (heat sink). The internal 
heat is further dissipated through the air ?owing through the 
air inlet channel 65 (FIG. 3) entering the IAMG cylinder 66. 
That is, the stator 58 is positioned between the compressed 
air inlet to the tool and the rotor body 50 such that com 
pressed air ?ows across the stator 58 thereby conducting 
heat away from the stator 58. The air ?ow is guided by the 
air inlet channel 65 formed in the stator housing 62, non 
conductive spacer 63 and rear stator housing 64. 

Improved regulation of the magnetomotive drag coeffi 
cients and generator output has been achieved by adjustment 
of the air gap between the rotor magnets 51 and the stator 
poles 57 behind the stator housing face 62A. This critical 
tolerance is maintained through the use of a rotor collar 67 
on the front (working end) of the rotor 50 to allow approxi 
mately 0.007 inch between the magnetic end 50a of the rotor 














