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(57) A fan aspirator (202, 302, 402), and related sys-
tems and methods, utilizes a plurality of motors to drive
a fan (446) of an aspirator to deliver inflation fluid to an
inflatable device. The fan aspirator (202, 302, 402) in-
cludes a plurality of motors and a respective plurality of

drive gears configured to drive a pinion gear (334, 444)
to which the fan (446) is mounted within a central cham-
ber of the housing (320, 420) of fan aspirator (202, 302,
402).
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to and the benefit
of Indian Patent Application No. 202041055872 filed De-
cember 22, 2020 entitled "FAN ASPIRATOR".

FIELD

[0002] The present disclosure is directed to aircraft
evacuation systems, and more particularly to a fan aspi-
rator for inflating flotation devices and inflation assem-
blies for evacuation systems.

BACKGROUND

[0003] Conventional evacuation systems of aircraft
generally include an inflatable device, such as an evac-
uation slide, an aspirator for inflating the inflatable device,
and a source of compressed gas (e.g., one or more tank
of compressed gas). In response to the evacuation sys-
tem becoming deployed, the source of compressed gas
may release gas through the aspirator, which then also
draws air from the environment of the aspirator and in-
flates the inflatable device using the decompressed gas
and the air. However, use of compressed gas storage
tanks may be undesirable for various reasons. For ex-
ample, the storage tanks may undesirably increase a to-
tal weight of the aircraft. Additionally, the storage tanks
may be difficult to store and transport on board the air-
craft.

SUMMARY

[0004] In various embodiments, the present disclosure
provides a fan aspirator that includes a housing, a fan, a
pinion gear, and at least one motor. The housing defines
a central channel and has a central longitudinal axis, ac-
cording to various embodiments. The fan is disposed in
the central channel and is configured to rotate about a
rotational axis that is substantially parallel to the central
longitudinal axis, according to various embodiments. The
pinion gear may be coupled to the fan and may be con-
figured to rotate with the fan, with the pinion gear com-
prising an annular body with a gear track. The at least
one motor comprises a drive gear, with the motor being
coupled to the housing and the drive gear being mechan-
ically coupled to the gear track of the annular body of the
pinion gear, wherein the fan is configured to be driven
via the drive gear and the pinion gear.
[0005] In various embodiments, the motor is a first mo-
tor of a plurality of motors having a respective plurality
of drive gears. The plurality of motors may be coupled to
the housing and may be distributed circumferentially
around the rotational axis such that each drive gear of
the respective plurality of drive gears is mechanically
coupled to the gear track of the annular body of the pinion

gear. In various embodiments, the plurality of motors
comprises at least 4 motors. In various embodiments,
the plurality of motors comprises at least 6 motors.
[0006] In various embodiments, the gear track is dis-
posed on a radially outward surface of the annular body
of the pinion gear such that the plurality of motors are
circumferentially distributed around a periphery of the
pinion gear. In various embodiments, a radially inward
surface of the annular body of the pinion gear is radially
outward of tips of fan blades of the fan such that a radial
gap is defined between the tips of the fan blades and the
radially inward surface of the annular body of the pinion
gear. In various embodiments, a radially inward surface
of the central channel of the housing at an axial location
of fan blades of the fan is radially outward of tips of the
fan blades such that a radial gap is defined between the
tips of the fan blades and the radially inward surface of
the central channel of the housing at the axial location of
the fan blades. In various embodiments, a radially inward
surface of the annular body of the pinion gear is radially
outward of a radially inward surface of the central channel
of the housing at an axial location of the pinion gear.
[0007] The fan aspirator may further include a control-
ler electrically coupled to the plurality of motors. The con-
troller may be configured to synchronize angular speed
of the plurality of motors. In various embodiments, a gear
ratio of the fan aspirator is between 1.25 and 6. In various
embodiments, a gear ratio of the fan aspirator is between
1.5 and 3. In various embodiments, a gear ratio of the
fan aspirator is about 1.67.
[0008] Also disclosed herein, according to various em-
bodiments, is a system for inflating an inflatable device.
The system may include an inflatable device and a fan
aspirator. The fan aspirator may be coupled to the inflat-
able device, and may include a housing, a fan, a pinion
gear, and a plurality of motors. The housing may define
a central channel and may have a central longitudinal
axis. The fan may be disposed in the central channel and
may be configured to rotate about a rotational axis that
is substantially parallel to the central longitudinal axis.
The pinion gear, according to various embodiments, is
coupled to the fan and configured to rotate with the fan,
with the pinion gear comprising an annular body com-
prising a gear track. The plurality of motors may include
a respective plurality of drive gears. The plurality of mo-
tors are coupled to the housing and are distributed cir-
cumferentially around the rotational axis such that each
drive gear of the respective plurality of drive gears is me-
chanically coupled to the gear track of the annular body
of the pinion gear, according to various embodiments.
[0009] In various embodiments, the system also in-
cludes an electrical power source electrically coupled to
the motor. In various embodiments, the system further
includes a controller electrically coupled to the plurality
of motors and configured to synchronize angular speed
of the plurality of motors. The plurality of motors may
include at least 4 motors, and the gear ratio of the driven
pinion gear to the drive gears may be between 1.5 and 3.
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[0010] The forgoing features and elements may be
combined in various combinations without exclusivity,
unless expressly indicated herein otherwise. These fea-
tures and elements as well as the operation of the dis-
closed embodiments will become more apparent in light
of the following description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

FIG. 1 is a drawing of an aircraft having an exit door
and an evacuation system, in accordance with var-
ious embodiments;
FIG. 2 is a perspective view of an evacuation system
in a partially deployed configuration, in accordance
with various embodiments;
FIG. 3A is a perspective view of an inflatable device
in an inflated configuration, in accordance with var-
ious embodiments;
FIG. 3B is a perspective view of another inflatable
device in an inflated configuration, in accordance
with various embodiments;
FIG. 4A is a schematic side view of a fan aspirator
coupled to an inflatable device, in accordance with
various embodiments;
FIG. 4B is a side cutaway view of a fan aspirator
having a plurality of motors and a respective plurality
of drive gears, in accordance with various embodi-
ments; and
FIG. 4C is a perspective cross-sectional view of a
fan aspirator have a plurality of motors and a respec-
tive plurality of drive gears, in accordance with var-
ious embodiments;

[0012] The subject matter of the present disclosure is
particularly pointed out and distinctly claimed in the con-
cluding portion of the specification. A more complete un-
derstanding of the present disclosure, however, may best
be obtained by referring to the detailed description and
claims when considered in connection with the drawing
figures.

DETAILED DESCRIPTION

[0013] The detailed description of exemplary embodi-
ments herein makes reference to the accompanying
drawings, which show exemplary embodiments by way
of illustration. While these exemplary embodiments are
described in sufficient detail to enable those skilled in the
art to practice the disclosure, it should be understood that
other embodiments may be realized and that logical
changes and adaptations in design and construction may
be made in accordance with this disclosure and the
teachings herein without departing from the spirit and
scope of the disclosure. Thus, the detailed description
herein is presented for purposes of illustration only and
not of limitation.

[0014] Disclosed herein, according to various embod-
iments, is a fan aspirator, and related systems and meth-
ods, which utilizes one or more motors to drive a fan of
the aspirator to deliver inflation fluid to an inflatable de-
vice. Generally, the fan aspirator includes a plurality of
motors and a respective plurality of drive gears config-
ured to drive a pinion gear coupled to a fan disposed
within the housing of the fan aspirator. Although numer-
ous details and examples are included herein pertaining
to utilizing these concepts in conjunction with inflatable
devices of aircraft evacuation systems, the present dis-
closure is not necessarily so limited, and thus aspects of
the disclosed embodiments may be adapted for perform-
ance in a variety of other industries. As such, numerous
applications of the present disclosure may be realized.
[0015] Referring now to FIG. 1, an aircraft 100 is
shown. The aircraft 100 may include a fuselage 101 hav-
ing a plurality of exit doors including an exit door 102.
The aircraft 100 may include one or more evacuation
systems positioned near a corresponding exit door or
located anywhere in or on the fuselage 101. For example,
the aircraft 100 includes an evacuation system 104 po-
sitioned near the exit door 102, and may include another
evacuation system positioned in the fuselage 101 and
designed to inflate outside of the fuselage to provide at
least one of egress or flotation. The evacuation system
104 may be removably coupled to the fuselage 101. In
the event of an emergency, the exit door 102 may be
opened by a passenger or crew member of the aircraft
100. In various embodiments, the evacuation system 104
may deploy in response to the exit door 102 being opened
and, in various embodiments, the evacuation system 104
may deploy in response to another action taken by a pas-
senger or crew member such as depression of a button
or actuation of a lever.
[0016] Turning to FIG. 2, additional details of the evac-
uation system 104 are illustrated. In particular, the evac-
uation system 104 includes an inflatable device 200. The
evacuation system 104 further includes a fan aspirator
202, a controller 208, a pressure sensor 210, and a power
source 212. The inflatable device 200 may be coupled
to the fuselage 101 of FIG. 1, and may be decoupled
from the fuselage 101 in response to being fully inflated
or to being manually detached in order to allow passen-
gers and/or crew members to safely float away from the
aircraft 100 of FIG. 1. In various embodiments, the inflat-
able device 200 may be permanently coupled to the fu-
selage 101. In various embodiments, the inflatable de-
vice 200 may function as a slide from the fuselage 101
to a ground surface upon which the aircraft 100 is resting.
In various embodiments, the inflatable device 200 may
be entirely decoupled from the fuselage 101 at all times,
may be removed from a cabin by a passenger or crew
member, and may be inflated away from the fuselage.
[0017] Details regarding the fan aspirator 202 (which
may be a ducted fan aspirator) will be discussed in more
detail below. The controller 208 may include one or more
processors and one or more tangible, non-transitory
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memories and be capable of implementing logic. The
processor can be a general purpose processor, a digital
signal processor (DSP), an application specific integrat-
ed circuit (ASIC), a field programmable gate array (FP-
GA) or other programmable logic device, discrete gate
or transistor logic, discrete hardware components, or any
combination thereof. The pressure sensor 210 may in-
clude any sensor capable of detecting data correspond-
ing to a pressure within the inflatable device 200 (the air
within the inflatable device 200 may be referred to as
"device air"). The controller 208 may be coupled to the
fan aspirator 202 and may control the aspirator 202. In
various embodiments, the controller 208 may further be
coupled to the pressure sensor 210, may determine the
pressure within the inflatable device 200 based on the
detected pressure data, and may control the fan aspirator
202 based on the determined pressure. The power
source 212 may include any power storage device such
as one or more of a battery (e.g., a lithium polymer bat-
tery), a flywheel, or a capacitor. In various embodiments,
the power source 212 may include any power generation
device such as a generator. The power source 212 may
provide electrical energy to the motor(s) of the fan aspi-
rator 202, the controller 208, and/or the pressure sensor
210 to facilitate operation of these elements. In various
embodiments, fan aspirator may be coupled to an elec-
trical power line to receive electrical energy.
[0018] Referring to FIG. 3A, the inflatable device 200
is illustrated as fully inflated and separated from the fu-
selage 101 of FIG. 1. In particular, the fan aspirators 202,
the controller 208, the pressure sensor 210, and the pow-
er source 212 may remain coupled to the inflatable device
200. In various embodiments, one or more of these ele-
ments of the evacuation system 104 may become de-
tached from the inflatable device 200 before, during, or
after inflation.
[0019] Referring briefly to FIG. 3B, another inflatable
device 250 is shown as inflated. The inflatable device
250 may provide egress from an aircraft in various situ-
ations. In various embodiments, the inflatable device 250
may include similar features as the inflatable device 200
of FIG. 3A. In that regard, the inflatable device 250 may
include a fan aspirator 252. The inflatable device 250
may further include a controller 258, a pressure sensor
260, and a power source 262. The inflatable device 250
may be coupled to a fuselage of an aircraft, and may be
decoupled from the fuselage in response to being fully
inflated or to being manually detached in order to allow
passengers and/or crew members to safely float away
from the aircraft. In various embodiments, the inflatable
device 250 may be permanently coupled to the fuselage.
In various embodiments, the inflatable device 250 may
function as a slide from the fuselage to a ground surface
upon which the aircraft is resting.
[0020] Referring now to FIGS. 4A, 4B, and 4C, details
of the fan aspirator are provided. With specific reference
to FIG. 4A, the fan aspirator 302 generally includes a
housing 320 defining a central channel within which a

fan is disposed. The housing 320 generally extends from
an inlet end 321 to an outlet end 322, according to various
embodiments, and thus the fan aspirator may be referred
to herein as a ducted fan aspirator. The housing 320 may
extend from the inlet end 321 that is disposed outside
199 of the inflatable device 200 to the outlet end 322
disposed within an internal volume 201 of the inflatable
device 200. The fan aspirator 302 may also include an
attachment flange 303 that facilitates connecting the fan
aspirator 302 to the inflatable device 200. As described
in greater detail below, the fan aspirator 302 includes a
pinion gear 344 coupled to the fan and at least one motor
340 with a drive gear 342. The motor(s) 340 may drive
the drive gear(s) 342, and the drive gears(s) 342 are me-
chanically coupled to the pinion gear 344 to drive rotation
of the fan, thereby inducing airflow from the inlet end 321
to the outlet end 322 to cause the inflatable device 200
to inflate.
[0021] The motor(s) may receive electrical energy and
convert the electrical energy into mechanical power to
drive the fan via the drive gear(s) and the pinion gear.
The fan aspirator may further include a fan flap located
proximate the fan inlet 321. The fan flap may allow airflow
to flow downstream (i.e., from the inlet 321 towards the
outlet 322) and may reduce the likelihood of air flowing
upstream (i.e., from the outlet 322 to towards the inlet
321).
[0022] In various embodiments, and with reference to
FIGS. 4B and 4C, the fan 446 may be disposed within
the central channel defined by the housing 420. The pin-
ion gear 444, which may comprise an annular body 443,
may be mounted to the fan 446 such that the fan 446 and
the pinion gear corotate. The rotational axis 403 of the
fan 446 may be parallel with (and may be coaxial with)
the central longitudinal axis of the housing 420. In various
embodiments, the fan aspirator 402 includes a plurality
of motors 440 with a respective plurality of drive gears
442. The plurality of motors 440 may be coupled and/or
mounted to the housing 420 and may be generally dis-
tributed circumferentially around the rotational axis 403
of the fan 446. Each of the drive gears 442 may be me-
chanically coupled to a gear track of the pinion gear 444,
thus collectively driving rotation of the pinion gear 444
and the fan 446 mounted thereto.
[0023] In various embodiments, the fan aspirator 402
includes 2 or more motors and respective drive gears. In
various embodiments, the fan aspirator includes be-
tween 3 and 8 motors and respective drive gears. In var-
ious embodiments, the fan aspirator includes 4 motors.
In various embodiments, the fan aspirator includes 6 mo-
tors. By having a plurality of motors 440 driving the central
pinion gear 444 to which the fan 446 is mounted, the fan
446 may be driven to reach speeds sufficient to drive
enough air into the inflatable device. Further, various oth-
er benefits may be realized by using a plurality of circum-
ferentially distributed motors, such as efficiency, power
consumption, and weight savings over conventional as-
pirators that rely on a source of compressed gas, accord-
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ing to various embodiments.
[0024] In various embodiments, and with continued
reference to FIG. 4C, the central channel 425 defined by
the housing 420 may have a radial dimension that re-
mains constant along a length of the fan aspirator (e.g.,
at least along a section of the housing 420 at an axial
location of the fan blades 448). In various embodiments,
the radial dimension of the central channel 425 may vary
along the length of the fan aspirator 402. In various em-
bodiments, the fan blades 448 may have a radial span
that is less than the radial dimension of the central chan-
nel, and thus a radial gap may exist between the outer
edge of the fan blades 448 and the radially inward surface
of the central channel 425. Thus, as the fan 446 directs
air through the central channel 425, additional air (i.e.,
induced air) may flow through the gap, thus increasing a
total airflow through the fan aspirator 402 beyond that
provided solely by the fan 446.
[0025] In various embodiments, the gear track of the
pinion gear 444 is disposed on a radially outward surface
of the annular body 443 of the pinion gear 444. Said dif-
ferently, the pinion gear 444 may have an annular struc-
ture, thus allowing the air/fluid to flow through the central
aperture of the pinion gear. However, the pinion gear 444
may include one or more structural spokes 445 extending
radially between the central region of the pinion gear
where it connects to the fan and the annular body 443.
With the gear track of the pinion gear 444 disposed on
the radially outward surface of the annular body 443, the
respective drive gears 442 may be disposed and distrib-
uted around the periphery of the pinion gear.
[0026] In various embodiments, as mentioned above,
the fan aspirator may include a controller electrically cou-
pled to the plurality of motors. The controller may be an
electronic speed controller configured to synchronize an-
gular speed of the plurality of motors to efficiently drive
rotation of the pinion gear and fan. In various embodi-
ments, a gear ratio of the driven pinion gear relative to
the drive gears is between 1.25 and 6. In various embod-
iments, the gear ratio is between 1.5 and 3. In various
embodiments, the gear ratio is about 1.67.
[0027] Regarding relative radial dimension of the as-
sembly, a radially inward surface of the annular body 443
of the pinion gear 444 may be radially outward of tips of
fan blades 448 of the fan such that a radial gap is defined
between the tips of the fan blades 448 and the radially
inward surface of the annular body 443. In various em-
bodiments, a radially inward surface of the central chan-
nel 425 of the housing 420 (at least at an axial location
of the fan blades 448) is radially outward of tips of the
fan blades 448 such that a radial gap is defined between
the tips of the fan blades 448 and the radially inward
surface of the central channel 425 of the housing 420 at
this location. In various embodiments, a radially inward
surface of the annular body 443 of the pinion gear 444
is radially outward of a radially inward surface of the cen-
tral channel 425 of the housing 420 at an axial location
of the pinion gear 444. By configuring the relative radial

dimensions in one or more of these manners, flow stag-
nation from the pinion gear is inhibited, thus facilitating
increased and improved airflow.
[0028] Benefits, other advantages, and solutions to
problems have been described herein with regard to spe-
cific embodiments. Furthermore, the connecting lines
shown in the various figures contained herein are intend-
ed to represent exemplary functional relationships and/or
physical couplings between the various elements. It
should be noted that many alternative or additional func-
tional relationships or physical connections may be
present in a practical system. However, the benefits, ad-
vantages, solutions to problems, and any elements that
may cause any benefit, advantage, or solution to occur
or become more pronounced are not to be construed as
critical, required, or essential features or elements of the
disclosure.
[0029] The scope of the disclosure is accordingly to be
limited by nothing other than the appended claims, in
which reference to an element in the singular is not in-
tended to mean "one and only one" unless explicitly so
stated, but rather "one or more." It is to be understood
that unless specifically stated otherwise, references to
"a," "an," and/or "the" may include one or more than one
and that reference to an item in the singular may also
include the item in the plural. All ranges and ratio limits
disclosed herein may be combined.
[0030] Moreover, where a phrase similar to "at least
one of A, B, or C" is used in the claims, it is intended that
the phrase be interpreted to mean that A alone may be
present in an embodiment, B alone may be present in an
embodiment, C alone may be present in an embodiment,
or that any combination of the elements A, B and C may
be present in a single embodiment; for example, A and
B, A and C, B and C, or A and B and C. Different cross-
hatching is used throughout the figures to denote differ-
ent parts but not necessarily to denote the same or dif-
ferent materials.
[0031] The steps recited in any of the method or proc-
ess descriptions may be executed in any order and are
not necessarily limited to the order presented. Further-
more, any reference to singular includes plural embodi-
ments, and any reference to more than one component
or step may include a singular embodiment or step. El-
ements and steps in the figures are illustrated for sim-
plicity and clarity and have not necessarily been rendered
according to any particular sequence. For example, steps
that may be performed concurrently or in different order
are illustrated in the figures to help to improve under-
standing of embodiments of the present disclosure.
[0032] Any reference to attached, fixed, connected or
the like may include permanent, removable, temporary,
partial, full and/or any other possible attachment option.
Additionally, any reference to without contact (or similar
phrases) may also include reduced contact or minimal
contact. Surface shading lines may be used throughout
the figures to denote different parts or areas but not nec-
essarily to denote the same or different materials. In
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some cases, reference coordinates may be specific to
each figure.
[0033] Systems, methods and apparatus are provided
herein. In the detailed description herein, references to
"one embodiment", "an embodiment", "various embodi-
ments", etc., indicate that the embodiment described
may include a particular feature, structure, or character-
istic, but every embodiment may not necessarily include
the particular feature, structure, or characteristic. More-
over, such phrases are not necessarily referring to the
same embodiment. Further, when a particular feature,
structure, or characteristic is described in connection with
an embodiment, it is submitted that it is within the knowl-
edge of one skilled in the art to affect such feature, struc-
ture, or characteristic in connection with other embodi-
ments whether or not explicitly described. After reading
the description, it will be apparent to one skilled in the
relevant art(s) how to implement the disclosure in alter-
native embodiments.
[0034] Furthermore, no element, component, or meth-
od step in the present disclosure is intended to be dedi-
cated to the public regardless of whether the element,
component, or method step is explicitly recited in the
claims. As used herein, the terms "comprises", "compris-
ing", or any other variation thereof, are intended to cover
a non-exclusive inclusion, such that a process, method,
article, or apparatus that comprises a list of elements
does not include only those elements but may include
other elements not expressly listed or inherent to such
process, method, article, or apparatus.

Claims

1. A fan aspirator (202, 302, 402) comprising:

a housing (320, 420) defining a central channel
and having a central longitudinal axis;
a fan (446) disposed in the central channel and
configured to rotate about a rotational axis that
is substantially parallel to the central longitudinal
axis;
a pinion gear (334, 444) coupled to the fan (446)
and configured to rotate with the fan (446),
wherein the pinion gear (334, 444) comprises
an annular body comprising a gear track; and
a motor comprising a drive gear, wherein the
motor is coupled to the housing (320, 420) and
the drive gear is mechanically coupled to the
gear track of the annular body of the pinion gear
(334, 444), wherein the motor is configured to
drive the fan (446) via the drive gear and the
pinion gear (334, 444).

2. The fan aspirator (202, 302, 402) of claim 1, wherein
the motor is a first motor of a plurality of motors and
the drive gear is a first drive gear of a respective
plurality of drive gears, wherein the plurality of mo-

tors are coupled to the housing (320, 420) and are
distributed circumferentially around the rotational ax-
is such that each drive gear of the respective plurality
of drive gears is mechanically coupled to the gear
track of the annular body of the pinion gear (334,
444).

3. The fan aspirator (202, 302, 402) of claim 2, wherein
the plurality of motors comprises at least 4 motors,
or wherein the plurality of motors comprises at least
6 motors.

4. The fan aspirator (202, 302, 402) of claim 2, wherein
the gear track is disposed on a radially outward sur-
face of the annular body of the pinion gear (334, 444)
such that the plurality of motors are circumferentially
distributed around a periphery of the pinion gear
(334, 444).

5. The fan aspirator (202, 302, 402) of claim 4, wherein
a radially inward surface of the annular body of the
pinion gear (334, 444) is radially outward of tips of
fan blades of the fan (446) such that a radial gap is
defined between the tips of the fan blades and the
radially inward surface of the annular body of the
pinion gear (334, 444).

6. The fan aspirator (202, 302, 402) of claim 4, wherein
a radially inward surface of the central channel of
the housing (320, 420) at an axial location of fan
blades of the fan (446) is radially outward of tips of
the fan blades such that a radial gap is defined be-
tween the tips of the fan blades and the radially in-
ward surface of the central channel of the housing
(320, 420) at the axial location.

7. The fan aspirator (202, 302, 402) of claim 4, wherein
a radially inward surface of the annular body of the
pinion gear (334, 444) is radially outward of a radially
inward surface of the central channel of the housing
(320, 420) at an axial location of the pinion gear (334,
444).

8. The fan aspirator (202, 302, 402) of claim 2, further
comprising a controller electrically coupled to the plu-
rality of motors, and optionally wherein the controller
is configured to synchronize angular speed of the
plurality of motors.

9. The fan aspirator (202, 302, 402) of claim 2, wherein
a gear ratio of the fan aspirator (202, 302, 402) is
between 1.25 and 6, or wherein a gear ratio of the
fan aspirator (202, 302, 402) is between 1.5 and 3,
or wherein a gear ratio of the fan aspirator (202, 302,
402) is about 1.67.

10. A fan aspirator (202, 302, 402) comprising:
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a housing (320, 420) defining a central channel
and having a central longitudinal axis;
a fan disposed in the central channel and con-
figured to rotate about a rotational axis that is
substantially parallel to the central longitudinal
axis;
a pinion gear (334, 444) coupled to the fan (446)
and configured to rotate with the fan (446),
wherein the pinion gear (334, 444) comprises
an annular body comprising a gear track, where-
in the gear track is disposed on a radially out-
ward surface of the annular body of the pinion
gear (334, 444); and
a plurality of motors comprising a respective plu-
rality of drive gears, wherein the plurality of mo-
tors are coupled to the housing (320, 420) and
are distributed circumferentially around the ro-
tational axis such that each drive gear of the
respective plurality of drive gears is mechanical-
ly coupled to the gear track of the annular body
of the pinion gear (334, 444), wherein the plu-
rality of motors is configured to drive the fan
(446) via the respective plurality of drive gears
and the pinion gear (334, 444).

11. The fan aspirator (202, 302, 402) of claim 10, where-
in:

a radially inward surface of the annular body of
the pinion gear (334, 444) is radially outward of
tips of fan blades of the fan (446);
a radially inward surface of the central channel
of the housing (320, 420) at an axial location of
fan blades of the fan (446) is radially outward of
the tips of the fan blades; and
the radially inward surface of the annular body
of the pinion gear (334, 444) is radially outward
of the radially inward surface of the central chan-
nel of the housing (320, 420) at an axial location
of the pinion gear (334, 444).

12. An system for inflating an inflatable device, the sys-
tem comprising:

the inflatable device; and
a fan aspirator (202, 302, 402) coupled to the
inflatable device, the fan aspirator (202, 302,
402) comprising:

a housing (320, 420) defining a central
channel and having a central longitudinal
axis;
a fan disposed in the central channel and
configured to rotate about a rotational axis
that is substantially parallel to the central
longitudinal axis;
a pinion gear (334, 444) coupled to the fan
(446) and configured to rotate with the fan

(446), wherein the pinion gear (334, 444)
comprises an annular body comprising a
gear track; and
a plurality of motors comprising a respective
plurality of drive gears, wherein the plurality
of motors are coupled to the housing (320,
420) and are distributed circumferentially
around the rotational axis such that each
drive gear of the respective plurality of drive
gears is mechanically coupled to the gear
track of the annular body of the pinion gear
(334, 444), wherein the plurality of motors
is configured to drive the fan (446) via the
respective plurality of drive gears and the
pinion gear (334, 444).

13. The system of claim 12, further comprising an elec-
trical power source electrically coupled to the plural-
ity of motors, and optionally further comprising a con-
troller electrically coupled to the plurality of motors
and configured to synchronize angular speed of the
plurality of motors.

14. The system of claim 12 or 13, wherein the plurality
of motors comprises at least 4 motors.

15. The system of any of claims 12 to 14, wherein a gear
ratio of the fan aspirator (202, 302, 402) is between
1.5 and 3.
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