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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 invention concerns a multistage fan, and is more 
particularly directed towards a miniaturized multistage 
fan or blower. ' 

The present trend in the electronic industry towards high 
density packaging, and especially in airborne vehicles or 
packages where space is a limiting factor in design, the 
problem of heat transfer or cooling of electronic equip 
ment is acute. These needs have stimulated the develop 
ment of such cooling approaches as cryogenic cooling, 
thermoelectric cooling, transistor cold plates, and gener 
ally more e?icient use of heat exchanger principles in 
order to dissipate heat from tightly packed enclosures. 
As the electronic package decreases in size, the ?ow pat 
tern for convection cooling becomes highly restricted. 
This results in a large pressure drop through the system. 
This factor was the motivation for the development of the 
well known small vane axial fan. However, miniaturiza 
tion has progressed, and will continue to progress to the 
point Where the cooling requirement can be met most suc— 
cessfully with high pressure fans of the multi-stage axial 
blower type. 
The staging of fan blades has been known, but where 

it is desired to employ a miniature fan having a relatively 
high output, such fans have been designed for high speed 
to attain the desired output. Obviously the life of such 
devices has been reduced. Also, when running such de 
vices at relatively high speeds, any dynamic imbalance in 
the unit would shortly destroy it. 

It is therefore one object of the invention to provide a 
multistage fan or blower of miniature form, which is sim 
ple to manufacture and meets the requirement of rela 
tively high output at relatively low speed. 
Another object of the invention is to provide a minia 

ture multi-stage fan or blower which is simple to assem 
ble and balance. 
A still further object of the invention is to provide a 

miniaturized multistage blower which can readily be as 
sembled and disassembled without destroying the dynamic 
balance of the unit. 
A further object of the invention is to provide a read 

ily balanced miniature multi-stage fan or blower in which 
it is simpler to hold concentricities. 

These and further objects of the invention will become 
more readily apparent upon a reading of the description 
following hereinafter, and upon an examination of the 
drawings, in which: 
FIGURE 1 is a perspective View of a three stage mini 

ature blower constructed in accordance with the teachings 
of the invention, and 
FIGURE 2 is a longitudinal view, in cross-section, of 

the blower of FIGURE 1. 
According to the invention, each stage of the blower 

consists of a rotating propeller and a stationary guide vane 
section. The guide vanes are so arranged as to direct air 
?ow in an axial direction when the blower is operating at 
close to peak output. Succeeding propellers are so ar 
ranged as to operate under identical conditions with the 
flow being axial at each propeller inlet. The outer hous 
ing consists of individual sections which are piloted on 
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2 
each other, and fastened together. The main housing 
encloses the driving motor, which may be AC. or DC, 
and also holds the third stage guide vanes. The ?rst and 
second stage stators, or guide vane sections, are segmented 
or built up of “clam-shell” segments which are keyed to— 
gether as a subassembly and ?nish machined. One seg 
ment of each stator can then be unlocked at ?nal assem 
bly. Although the invention is illustrated employing an 
AC. induction motor and having three stages, it is to be 
readily understood that other motors and number of stages 
can be employed while still applying the teachings of the 
invention. 

Referring now to the drawings, and as shown in FIG 
URE 1, the fan 1, comprises a main housing 2, and the 
two successive stages 4 and 6. In FIGURE 1, one seg 
ment of each of the two successive stages is shown in un 
locked position ready for ?nal assembly. 
The main housing 2 is of generally cylindrical con?g 

uration, and is provided on its periphery with three cars 
or lugs 8, 10 and 12. The inner portion of the housing is 
provided with an enlarged bore 14, to receive the rotor 
of an AC. induction motor 16. The bore 14 is closed by 
the end plate 18. An appropriate radial bore 20 is pro~ 
vided to accommodate the motor leads. The housing is 
further provided with the step or ridge 22 to permit the 
nesting, upon assembly, of the segmented stator of the 
next succeeding stage. The cars or lugs 8, 10 and 12 are 
similarly stepped as at 24, to permit the nesting of the ear 
of the next succeeding stator stage. The main housing 2 is 
further provided with the ?rst stage of stator vanes for 
guiding the ?uid flow. 
The impeller 28 is mounted to the output shaft 30 of 

the motor 16 as by the set screw 32. This impeller con 
sists of a central hub 34 having a bore 36 adapted upon 
assembly to ?t around or pilot upon the housing extension 
38. A side hole is provided at 40 to receive the set screw 
32. The inner end of the hub is provided with an up 
turned ?ange 42. The ?rst stage impeller ring 44 is 
shrunk ?t on the external surface of the hub 34 against 
the ?ange 42, and is provided with the series of vanes 45 
projecting therefrom. The ring 44 is further provided 
with the step portion 50 which pilots on the ?ange 42. 
Each of the impeller stages is made identically. Thus 
the impeller stage 46 has the vanes 47 and the stepped 
portion 52; and the impeller stage 48 has the vanes 49 and 
the stepped portion 54. The several impeller stages are 
positioned properly by the spacer rings 56 and 58, which 
are also shrunk ?t on the hub 34. The ring 58 is pro 
vided with the hole 60 which is aligned with the hole 40 
to enable assembly of the impeller 28 on the rotor shaft 
30. This nested impeller assembly can readily be ?nished 
with true concentricities being held, by machining the 
outer and inner diameters concurrently. This will also 
enable ‘ready balancing of the impeller by such machin— 
ing, or by the well-known expedient of removing metal 
from the unbalanced portions thereof. Once this assem 
bly is balanced, it can be readily assembled and disassem 
bled to the same motor output shaft without disturbing 
its dynamic stability. 
The second stage stator 62 consists of three segments 

64 (only one of which will be described) which are of 
identical con?guration. The segment 64 is provided at 
one end with the ears 68 and'70. The ear 68 has the 
through hole 80 and the ear 70 has the through hole 82. 
The opposite end of the segment 64 has the extension 72 
provided with the through hole 84. As shown in FIG 
URE 2, upon assembly, the aligned holes 80, 82 and 84 
will receive the shoulder screw 66. 
The stator 62 is provided on its inner surface with the 

inwardly extending vanes 74, 76, 78, etc. The inner edge 
of the stator 62 is formed with the stepped ?ange 86 
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which pilots upon the step 22 of the main housing; while 
the outer edge of the stator 62 is formed with the step 88. 
The third stage stator 9!) is similarly formed as the 

second stage stator 62, and has the plurality of segments 
91, 93 and 95 (see FIGURE 1). These segments are 
identical to the segments 64 of the second stage stator 62. 
Thus a series of vanes 92 are provided on the inner sur 
face of the segment 91. The segment 91 has the inner 
stepped ?ange 94 which pilots upon the step 88 of the 
second stage stator to attain alignment of stator stages; 
The shoulder screw 66 passes through all of the holes in 
the ears of the aligned stator segments as shown in FIG 
URE 2 and is threaded into the main housing 2 as at 67. 

Miniature multistage blowers constructed according to 
the teachings of the invention have been found to have a 
low speci?c speed, thus indicating usage similar to large 
radial wheel centrifugal blowers in high pressure applica 
tions. Where the overall dimensions of the unit are ?xed 
by the environment of > its installation, the multistage 
blower of the invention allows an increase in the fin den 
sity (i.e., number of vanes or ?ns per square inch) by a 
factor of 2 to 3, thus causing an increase in the difference 
in the temperature between the inlet and outlet air to the 
heat exchanger. The heat transfer rate would also in 
crease since both the heat transfer coet?cient and AT are 
increased in the well known heat transfer equation 
q,,-=hcAAT. The net-result is either an increase in the 
total watts dissipated capability of the blower, or a lower 
ambient temperature ’ in operation, both results being 
highly desirable. 

Although a speci?c preferred embodiment of the inven 
tion has been shown and described, it is to be understood, 
that various modi?cations may be made in the construc 
tion of a device according to the teachings of this inven— 
tion without departing from the spirit or scope thereof. 
What we claim is: v 
1. A unitary miniature multistage motor~blower com 

prising, in combination a main motor stator housing hav 
ing an axially extending boss; a motor-armature rotatably 
mounted within said motor-stator housing and having an 
armature shaft extending therefrom through said boss, an 
impeller assembly mounted upon said shaft extension ad 
jacent said boss and having at least two stages of impeller 
blades; at least two non-rotatable stator stages mounted 
one around each impeller stage and juxtaposed thereto, at 
least one of the stator stages being comprised of a plu 
rality of arcuate segments carrying aligned stator blades 
on their inner surfaces, fastening means for pivotally in 
terlocking said arcuate segments with one another and to 
said motor-stator housing, a passageway within said stator 
housing aligned with said impeller and stator blades to 
permit ?uid ?ow therethrough, said impeller assembly 
being a discrete element composed of a central hub hav 
ing a bore therethrough for mounting upon said shaft ex~ 
tension, said central hub being provided with a peripheral 
?ange whereby a [piloting] locating means is provided 
for [mounting] positioning around the boss on said 
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motor-stator housing, said impeller stages comprising cy 
lindrical elements a?ixed to said ?ange whereby said dis 
crete impeller assembly may be dynamically balanced as 
a unit and thereby be interchangeable with other rotor 
assemblies. 

2. A discrete impeller assembly for a miniature multi 
stage molor-blower having an armature shaft and a hous~ 
ing comprising a central hub having a bore therethrough 
for mounting upon the armature shaft of said motor 
blower, a peripheral ?ange provided upon said hub form— 
ing a locating means for positioning around and within 
the housing of said motor-blower, and a plurality of im 
peller stages comprising cylindrical elements a?‘ixed to 
said ?ange, said ?ange and impeller stages being so con 
structed and arranged that both the O.D. of the impeller 
stages and the ID. of the ?ange may be simultaneously 
machined, whereby said impeller assembly may be dy 
namically balanced as a unit and thereby be interchange 
able with other such assemblies. 7 

3. A unital'y miniature multistage motor-blower com 
prising, in combination: a main motor-stator housing hav 
ing a mounting means provided thereon; a motor-arma 
z‘ure rotatably mounted within said motor-stator housing 
and having an armature shaft extending therefrom past 
said mounting means; an impeller assembly comprising a 
central hub having a bore therethrough for mounting 
upon the armature shaft of said motor-blower, a periph 
eral ?ange provided upon said hub. forming a locating 
means for positioning around and within the mounting 
means of said main housing, and a plurality of impeller 
stages comprising cylindrical elements a?ixed to said 
?ange, said ?ange and impeller stages being so constructed 
and arranged that both the OD. of the impeller stages 
and the ID. of the ?ange may be simultaneously ma 
chined, whereby said impeller assembly may be dynami 
cally balanced as a unit and thereby be interchangeable 
with other such assemblies. 

4. The impeller assembly of claim.2 wherein said pe 
ripheral ?ange extends a distance sufficient to encompass 
a major portion of the motor portion of said motor 
blower. 

5. The impeller assembly of claim 3 wherein said pe 
ripheral ?ange extends a distance su?‘icient to encompass 
a major portion of the motor portion of said motor-ar 
mature. 
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