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_ _ _ _ and a trailing segment extending from the disc betWeen the 
(63) Connnuanon of apphcanon NO‘ 10/354’634’ ?led on second radius and a third radius measured from the axis of 
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rotation, the third radius being greater than the second radius 
and the trailing segment extending from the disc With an 
angle having a rate of change different than the leading 
segrnent. 
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GENERATOR AND FAN 

TECHNICAL FIELD 

[0001] The present invention relates to an improved gen 
erator and fan. More speci?cally, the invention provides a 
generator utilizing an improved rotor fan. 

BACKGROUND OF THE INVENTION 

[0002] Without a generator, the electrical load of a vehicle 
Would quickly drain a fully charged battery. In a vehicle, a 
generator producing alternating current (AC), knoWn as an 
alternator, is often mounted at the front of the engine and is 
linked to the engine crankshaft pulley by a drive belt. When 
the engine turns the drive belt, the drive belt turns a shaft in 
the alternator, and current is generated. Current is produced 
in an alternator When a Wire intercepts a magnetic ?eld. In 
an alternator, it is the Wire, in coiled form, that is held 
stationary and the magnetic ?eld is turned so that the 
magnetic ?eld passes through the Wire. Thus, alternators 
include a stationary part, the stator, and a rotating part, the 
rotor. 

[0003] The stator may include stationary coils or slotted 
pins or segments that surround a rotor. As the rotor is turned 
by the car engine, the alternating magnetic ?eld created by 
the rotor is intercepted by the stationary coils, pins or 
segments, and current ?oWs through the stator ?rst in one 
direction, then in the other, resulting in alternating current. 
As the rotor is turned, air ?oW Within the assembly Will 
produce noise in the audible range that Will emanate from 
the alternator assembly. 

[0004] The rotor includes an electromagnet that is mag 
netiZed by current from the battery. The electromagnet may 
include slip rings, rotor Windings, and north and south pole 
members surrounding the rotor Windings. Current from the 
battery ?oWs through the slip rings to the rotor Windings. 
North and south pole members have pole claWs shaped like 
interlocking teeth surrounding the rotor Windings. The north 
and south pole members create an alternating magnetic ?eld 
as the rotor turns. 

[0005] A housing surrounds the rotor and stator assembly. 
The stator is ?xed relative to the housing and the rotor shaft 
is rotatably mounted relative to the housing. Because the 
battery and electrical components in the car Work on direct 
current (DC), the AC output of the alternator must be 
converted to DC. This is done With recti?ers Which pass 
current in one direction only. The components Within the 
alternator produce heat and, in addition, the alternator oper 
ates under high under hood temperatures. To reduce the 
amount of heat in the alternator, a fan is included in the 
alternator assembly as seen in reference to US. Pat. No. 
4,549,103 to Shega, entitled Multi-Path Cooling in an AC 
Generator for a Vehicle. 

[0006] The fan may be placed inside or outside of the 
housing to increase air?oW betWeen the rotor and stator and 
to increase air?oW through openings in the housing. The fan 
blades may face inWard toWard the central portion of the 
alternator or outWard aWay from the central portion of the 
alternator. Rotation of the fan helps increase air?oW Within 
the alternator and helps to reduce heat Within the alternator, 
but also increases the amount of audible noise emanating 
from the alternator assembly, an undesirable feature particu 
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larly from the point of vieW of the operator of the vehicle in 
Which the alternator is mounted. 

[0007] The noise produced by an alternator depends, at 
least in part, on the design of the alternator fan blades. 
Alternator fans With straight fan blades having an inside 
angle of more than ninety degrees from the base of the fan, 
tend to produce less noise, but undesirably also provide less 
air?oW. Alternator fans With straight fan blades at ninety 
degrees from the base of the fan produce more air?oW, but 
undesirably more noise. To improve the air?oW resulting 
from a fan With sWept out blades, the length of the blade can 
be increased but this undesirably reduces the number of 
blades that can be included on a single fan. Other designs 
have incorporated alternating blades, some blades at ninety 
degrees and other blades having an inside angle of more than 
ninety degrees. HoWever, the limitations associated With 
each type of blade are not entirely overcome by knoWn 
designs. The present invention overcomes these problems to 
provide an alternator incorporating an improved fan, result 
ing in an alternator With reduced noise, improved tonality 
and improved radial and axial cooling air?oW. 

SUMMARY OF INVENTION 

[0008] The present invention provides an improved gen 
erator With improved sound quality and reduced noise level, 
and also provides improved air?oW through the generator, 
improving cooling of the generator components. An 
improved generator fan serves to draW air into the generator 
through an inlet in the generator housing, pass the air 
through the rotor and stator, and direct the air out openings 
in the generator housing. The fan of the present invention 
includes a disc adapted to be centrally mounted on a shaft 
that represents an axis about Which the fan rotates. Accord 
ing to the present invention, at least one multi-directional 
blade extends from the disc. The multi-direction blade 
includes a leading segment extending from the disc betWeen 
a ?rst radius measured from the axis of rotation and a second 
radius measured from the axis of rotation, the leading 
segment including a leading edge extending from the disc at 
an angle of about ninety degrees from the disc, the leading 
segment extending from the disc With a sWept out shape 
starting at the leading edge and extending from the disc With 
an increasing angle along the length of the leading segment. 
Atrailing segment extends from the disc betWeen the second 
radius and a third radius measured from the axis of rotation, 
the third radius being greater than the second radius and the 
trailing segment extending from the disc With an angle 
having a rate of change different than the leading segment. 

[0009] An improved generator having the inventive fan 
exhibits improved tonality and a reduced noise level. The 
resulting generator also provides improved cooling. Other 
aspects of the present invention are provided With reference 
to the ?gures and detailed description of embodiments 
provided herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The present invention Will noW be described, by 
Way of example, With reference to the accompanying draW 
ings, in Which: 

[0011] FIG. 1 is a cross-sectional vieW of an exemplary 
generator; 
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[0012] FIG. 2 illustrates a front vieW of an embodiment of 
an improved generator fan; 

[0013] FIG. 3 illustrates a side vieW of an embodiment of 
an improved generator fan; 

[0014] FIG. 4 illustrates an isometric vieW of an embodi 
ment of an improved generator fan; 

[0015] FIG. 5 illustrates a front vieW of an embodiment of 
an improved generator fan; 

[0016] FIG. 6 illustrates a side vieW of an embodiment of 
an improved generator fan; and 

[0017] FIG. 7 illustrates an isometric vieW of an embodi 
ment of an improved generator fan. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0018] The present invention provides a generator With 
improved sound quality and reduced noise level, and also 
provides improved air?oW through the generator, improving 
cooling of the generator components. An improved genera 
tor fan serves to draW air into the generator through an inlet 
in the generator housing, pass the air through the rotor and 
stator, and direct the air out openings in the generator 
housing. 
[0019] FIG. 1 illustrates an example of an exemplary 
generator 10 in Which the improved fan of the present 
invention may be used. The exemplary generator includes a 
stator assembly 15 surrounding a rotor assembly 20. The 
rotor assembly 20 includes a shaft 21 supporting all rotating 
magnetic structures including conventional pole-members 
16A and 16B, a rotor core 17 and a ?eld coil 18 Wound upon 
bobbin 12. Additionally, all other non-magnetic circuit rotat 
ing structures are carried, including air circulation fans 19 
and 27 located at axially opposite sides of the pole-members, 
and a slip ring assembly 30 located at one extreme end of the 
shaft 21. The fan 27 is formed from sheet metal stock and 
spot Welded to the pole-member 16B While fan 19 is formed 
from an appropriate thermoplastic material and heat staked 
to toWer extensions (not shoWn) from the ?eld coil bobbin 
12. The shaft 21 is rotatably supported Within a housing 26 
by a pair of bearings 23 and 22. Bearing 23 is located 
betWeen the slip ring assembly 30 and the fan 19. Coil leads 
18A of ?eld coil 18 are Wrapped about respective posts 12A 
of bobbin 12 and pass through holes 13 in fan 19. Slip ring 
assembly 30 is made of a pair of copper rings 31 each having 
a slip ring lead 32 joined such as by Welding thereto. The 
copper rings and Wires are molded into a thermoset material 
to complete the slip ring assembly 30. Slip ring assembly 30 
is pressed onto the end of rotor shaft 21 and the slip ring 
leads 32 are routed into channels along the shaft 21 Where 
they are joined, such as by tWisting and Welding, to the coil 
leads 18A of ?eld coil 18 via a joint 24. The joint 24 is then 
bent to the surface of the fan 19 and received in a pyramid 
shaped tab structure 25. The joint 24 is then secured to fan 
19 by ultrasonic Welding of the plastic material of the tab 25. 
Bearing 23 is assembled to pass over the slip ring assembly 
30 to retain the lead Wires 32 securely Within the shaft 
channels. Preferably, fan 27 of FIG. 1 is replaced by the 
improved fan described With respect to FIGS. 2-7. Other 
applications of the inventive fan are possible and remain 
Within the spirit and scope of the invention. Various embodi 
ments of the present invention are described herein. 
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[0020] FIG. 2 illustrates a front vieW of an embodiment of 
an improved generator fan 110. The generator fan 110 of this 
embodiment is suitable for use in an alternator such as Would 
be used in an automobile and may be replace either of fan 
19 or fan 27, or both fan 19 and fan 27, in the exemplary 
generator of FIG. 1. The fan 110 of the present invention 
provides both axial and radial air?oW. The fan 110 includes 
a disc 120 adapted to be mounted on a rotor shaft having an 
axis 130 of rotation that the fan 110 rotates about. According 
to the present invention, at least one multi-directional blade 
170 extends from the disc 120. With respect to a clockWise 
direction of rotation in this vieW, the multi-direction blade 
includes a leading segment 180. The leading segment 180 is 
de?ned as the portion of multi-directional blade 170 extend 
ing from the disc 120 betWeen a ?rst radius 140 measured 
from the axis 130 of rotation and a second radius 150 
measured from the axis 130 of rotation, the second radius 
150 being greater than the ?rst. The leading segment 180 
extends from the disc 120 With a sWept out angle starting at 
a leading edge having an angle of ninety degrees at the ?rst 
radius and increasing along the length of the leading seg 
ment 180. The trailing segment 190 is de?ned as the portion 
of multi-directional blade 170 that extends from the disc 120 
betWeen the second radius 150 and a third radius 160 
measured from the axis 130 of rotation, the third radius 160 
being greater than the second radius 150. The trailing 
segment 190 differs from the leading segment 180 in that the 
trailing segment extends from the disc 120 at an angle 
having a rate of change different from the leading segment 
180. According to one embodiment, the trailing segment 190 
extends from the disc 120 at a ?xed angle. The amount of 
radial and axial How can be adjusted by tailoring the rate of 
change of the angle of the trailing segment 190 to provide 
the desired amount of How in each direction. FloW directed 
radially Will have greater interaction With the stator. FloW 
directed axially Will have greater interaction With the rotor. 
The improved fan 110 provides increased ?oW rates at the 
same time reducing noise and improving tonality. The 
improved fan 110 may be formed from any of a variety of 
metals including Without limitation steel. The fan 110 of this 
embodiment can be formed by a punched metal process in 
Which the entire fan 110 is formed from a single metal piece. 
In an alternative embodiment, the fan 110 may be of a 
molded material including Without limitation polymer mate 
rials. The improved fan 110 provides increased ?oW rates at 
the same time reducing noise and improving tonality. 

[0021] FIG. 2 further illustrates an embodiment in Which 
the base portion 200 of the blade has an arced interface 220 
With the disc 120. The fan 110 may additionally include How 
apertures 260 betWeen the multi-directional blade 170 and 
an adjacent blade. This improves air?oW on both sides of the 
fan 110 and helps to eliminate ?oW blockage. 

[0022] According to the embodiment shoWn in FIG. 2, the 
fan 110 may include a plurality of overlapping multi 
directional blades 170. According to the invention, the ?rst 
radius 140 is de?ned to be less than the second radius 150 
and the second radius 150 less than the third radius 160, as 
a result, the plurality of multi-directional blades 170 may 
overlap one another so that the leading segment 180 of each 
multi-directional blade 170 begins proximal the second 
radius 150 of an adjacent multi-directional blade 170. This 
alloWs for an increased number of blades on the disc 120 and 
alloWs for blades having increased length each providing 
increased air?oW. The ?rst radius 140 and third radius 160 
de?ne a central blade angle A of about eighty degrees, and 
the fan 110 includes eight overlapping multi-directional 
blades 170 distributed around the disc 120. According to one 
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embodiment, the multi-directional blades 170 are uniformly 
distributed about the disc 120. According to one embodi 
ment, the multi-directional blades 170 are non-uniformly 
distributed around the disc 120 to reduce the level of noise 
created by the air?oW. According to one embodiment, angle 
A varies from multi-directional blade 170 to multi-direc 
tional blade 170 on the same disc 120 to further decrease the 
level of noise created by the air?oW. 

[0023] According to one embodiment, the upper portion 
210 of the multi-directional blade 170 terminates in an outer 
edge 230 de?ned by the outermost portion of the leading 
segment 180 and trailing segment 190, gradually increases 
in distance from the disc 120 as the leading segment 180 
extends from the ?rst radius 140 to the second radius 150 
and gradually decreases in distance from the disc 120 as the 
trailing segment 190 extends from the second radius 150 to 
the third radius 160. 

[0024] According to one embodiment, the leading section 
180 sWeeps from the angle of about ninety degrees at the 
leading edge to an angle of about one hundred tWenty 
degrees Where the leading segment 180 meets the trailing 
segment 190. This improves the How rate in both the axial 
and radial direction by increasing the mount of air draWn in 
by the fan 110 While reducing noise level. According to one 
embodiment, the trailing segment extends from the disc 120 
at an angle of about one hundred tWenty degrees to provide 
the desired ratio of radial How and axial How of air to cool 
the generator. According to one embodiment, the trailing 
segment 190 extends from the disc at an angle greater than 
about one hundred tWenty degrees, increasing the amount of 
axial air?oW through the generator. 

[0025] FIG. 3 is a side vieW of an embodiment of the 
improved generator fan 110 shoWing the multi-directional 
blades 170 overlapping one another. As seen in this vieW, the 
trailing segments 190 overlap the leading segments 180. The 
overlapping multi-directional blades 170 provide better 
axial air?oW than knoWn generator fans having only blades 
uniformly tilted inWard. The noise level is decreased in part 
due to less air?oW interaction With the stator. The overlap 
ping multi-directional blades 170 also provide smoother 
inlet and outlet air?oW as the air passes in and out of the 
generator. FloW apertures 260 betWeen the overlapping 
multi-directional blade 170 improve air?oW on both sides of 
the fan 110 and help to eliminate ?oW blockage. 

[0026] FIG. 4 illustrates an isometric vieW of an embodi 
ment of the improved generator fan 110 utiliZing a multi 
directional blade 170 to provide both axial and radial air?oW 
to a generator. The fan 110 includes a disc 120 adapted to be 
mounted on a generator shaft or rotor shaft and at least one 
multi-directional blade 170 extending from the disc 120. In 
this embodiment, at least one port 270 is included in the disc 
120 to dynamically balance the fan. In this embodiment, the 
How apertures betWeen the multi-directional blades are 
enlarged relative to the How apertures shoWn in FIG. 2. 
According to one embodiment, the leading section 180 
sWeeps from the angle of about ninety degrees at the leading 
edge to an angle of about one hundred tWenty degrees Where 
the leading segment 180 meets the trailing segment 190. 
This improves the How rate in both the axial and radial 
direction by increasing the mount of air draWn in by the fan 
110 While reducing noise level. According to one embodi 
ment, the trailing segment extends from the disc 120 at an 
angle of about one hundred tWenty degrees to provide the 
desired ratio of radial How and axial How of air to cool the 
generator. According to one embodiment, the trailing seg 
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ment 190 extends from the disc at an angle greater than 
about one hundred tWenty degrees, increasing the amount of 
axial air?oW through the generator. 

[0027] FIG. 5 illustrates a front vieW of an embodiment of 
the improved generator fan 110‘. The generator fan 110‘ of 
this embodiment may be used in an alternator such as Would 
be used in an automobile and may be used in place of fan 19 
or fan 27, or both fan 19 and fan 27, in the exemplary 
generator of FIG. 1. The fan 110‘ of the present invention 
provides both axial and radial air?oW. The fan 110‘ includes 
a disc 120‘ adapted to be centrally mounted on a rotor shaft 
Which represents an axis 130‘ of rotation that the fan 110‘ 
rotates about. According to the present invention, at least 
one multi-directional blade 170‘ extends from the disc 120‘. 
The multi-direction blade includes a leading segment 180‘ 
extending from the disc 120‘ betWeen a ?rst radius 140‘ 
measured from the axis 130‘ of rotation and a second radius 
150‘ measured from the axis 130‘ of rotation, the second 
radius 150‘ being greater than the ?rst. The leading segment 
180‘ extends from the disc 120‘ at an angle of about ninety 
degrees from the disc 120‘. The trailing segment 190‘ 
extends from the disc 120‘ betWeen the second radius 150‘ 
and a third radius 160‘ measured from the axis 130‘ of 
rotation, the third radius 160‘ being greater than the second 
radius 150‘. The trailing segment 190‘ extends from the disc 
120‘ at an angle having a rate of change different than the 
leading segment 180‘. The amount of radial and axial How 
can be adjusted by tailoring the angle of the trailing segment 
190‘ to provide the desired amount of How in each direction. 
FloW directed radially Will have greater interaction With the 
stator. FloW directed axially Will have greater interaction 
With the rotor. The improved fan 110‘ provides increased 
?oW rates at the same time reducing noise levels and 
improving tonality. 

[0028] In this embodiment, the multi-directional blade 
170‘ is combined With at least one straight blade 240‘ having 
a substantially planar shape and a straight interface 250‘ With 
the disc 120‘. The straight blade 240‘ has a uniform angle 
from the disc 120‘ along the entire length of the blade. Thus, 
the amount of radial and axial How can be further adjusted 
by tailoring the angle of the straight blade 240‘ to provide the 
desired amount in combination With the affect of the multi 
directional blade 170‘. The straight blade 240‘ may be 
de?ned by a straight angle of ninety degrees, less than ninety 
degrees, or more than ninety degrees. Further, various 
combinations of straight and tilted blades may be incorpo 
rated into the improved fan 110‘. 

[0029] According to one embodiment, at least one How 
port 260‘ is included in the fan 110‘ betWeen the multi 
directional blade 170‘ and an adjacent blade. This improves 
air?oW on both sides of the fan 110‘. According to one 
embodiment, the fan 110‘ includes six multi-directional 
blades 170‘ and four uniform blades. 

[0030] According to one embodiment, the leading section 
180‘ sWeeps from the angle of about ninety degrees at the 
leading edge to an angle of about one hundred tWenty 
degrees Where the leading segment 180‘ meets the trailing 
segment 190‘. This improves the How rate in both the axial 
and radial direction by increasing the mount of air draWn in 
by the fan 110‘ While reducing noise level. According to one 
embodiment, the trailing segment extends from the disc 120‘ 
at an angle of about one hundred tWenty degrees to provide 
the desired ratio of radial How and axial How of air to cool 
the generator. According to one embodiment, the trailing 
segment 190‘ extends from the disc at an angle greater than 
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about one hundred twenty degrees, increasing the amount of 
axial air?ow through the generator. 

[0031] In the embodiment of FIG. 5, an outer edge 230‘, 
de?ned by the outermost portion of the upper portion 210‘ of 
the leading segment 180‘ and trailing segment 190‘ has a 
substantially constant distance from the disc 120‘ providing 
a blade With a substantially uniform height along the length 
of the blade. FIG. 6 is a side vieW of the improved generator 
fan 110‘ of FIG. 5. 

[0032] FIG. 7 illustrates an isometric vieW of an improved 
generator fan 110‘ utiliZing a multi-directional blade 170‘ to 
provide both axial and radial air?oW to a generator. The fan 
110‘ includes a disc 120‘ adapted to be mounted on a 
generator shaft and at least one multi-directional blade 170‘ 
extending from the disc 120‘. As seen in this vieW, the base 
of the multidirectional blade may have an arced interface 
220‘ With the disc 120‘. According to one embodiment of the 
invention, the angle betWeen the second radius 150‘ and third 
radius 160‘ is de?ned as a central blade angle A‘ of about 8 
degrees and the blades are distributed on the disc 120‘ 
Without overlapping an adjacent blade. According to one 
embodiment, the fan 110‘ includes six multi-directional 
blades 170‘ and four uniform blades distributed on the disc 
120‘. 

[0033] The improved fan described herein can be mounted 
axially inWard of the housing With the blades extending 
outWard. In an alternative embodiment, the fan can be 
mounted axially outWard of the housing With the blades 
extending axially inWard. More than one fan 110 may be 
employed in a single generator. 

[0034] The invention provided herein alloWs more ?ex 
ibility to tune a fan 110 design to provide air?oW for a given 
application according to the desired noise level, tonality, 
axial air?oW and radial air?oW. While the present invention 
has been described With reference to exemplary embodi 
ments, a variety of embodiments may be produced utiliZing 
the apparatus and process described herein. Modi?cations 
and variations in the invention Will be apparent to those 
skilled in the art in light of the foregoing description. It is 
therefore contemplated that the appended claims and their 
equivalents Will embrace any such alternatives, modi?ca 
tions and variations as falling Within the scope of the present 
invention. 

1. A generator fan, comprising: 

a disc adapted to be centrally mounted perpendicular to an 
axis of rotation and at least tWo multi-directional blades 
extending from the disc, the multi-directional blades 
including: 
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a leading segment extending from the disc betWeen a ?rst 
radius measured from the axis of rotation and a second 
radius measured from the axis of rotation, the leading 
segment including a leading edge extending from the 
disc at an angle of about ninety degrees from the disc, 
the leading segment extending from the disc With a 
sWept out shape starting at the leading edge and extend 
ing from the disc With an increasing angle along the 
length of the leading segment; and 

a trailing segment extending from the disc betWeen the 
second radius and a third radius measured from the axis 
of rotation, the third radius being greater than the 
second radius and the trailing segment extending from 
the disc With an angle having a rate of change different 
than the leading segment; 

Wherein said multi-directional blades further include an 
arced interface With said disc; and 

Wherein said multi-directional blades overlap one another 
so that the leading segment begins proximal the second 
radius of an adjacent multi-directional blade. 

2. A generator comprising: 

a generator shaft de?ning an axis of rotation; 

a fan including a disc mounted on the shaft and at least 
one multi-directional blade extending from the disc, the 
multi-directional blade including: 

a leading segment extending from the disc betWeen a ?rst 
radius measured from the axis of rotation and a second 
radius measured from the axis of rotation, the leading 
segment including a leading edge extending from the 
disc at an angle of about ninety degrees from the disc, 
the leading segment extending from the disc With a 
sWept out shape starting at the leading edge and extend 
ing from the disc With an increasing angle along the 
length of the leading segment; 

a trailing segment extending from the disc betWeen the 
second radius and a third radius measured from the axis 
of rotation, the third radius being greater than the 
second radius and the trailing segment extending from 
the disc With an angle having a rate of change different 
than the leading segment; 

at least one uniform blade having a uniform angle from 
the disc; and 

a How port betWeen said multi-directional blade and an 
adjacent blade. 


