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(54) POSITIVE‑DISPLACEMENT FLUID MACHINE WITH CONSTRAINED GEARSET

(57) A positive-displacement fluid machine with a
constrained gear set is provided. The positive-displace-
ment fluid machine includes multiple shafts including a
single drive shaft andmultiple idler shafts. Multiple lobed
rotors are providedwith eachmounted for rotation onone
of the shafts. Each lobed rotor of the multiple of lobed
rotors meshes with at least two other lobed rotors of the

multiple of lobed rotors. A constrained gear set includes
multiple timing gears. Each of themultiple timing gears is
mounted for rotation on one of the multiple shafts. Each
timing gear of the multiple timing gears intermeshes with
at least two other timing gears of the multiple timing
gears.
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Description

BACKGROUND

[0001] Some positive-displacement fluid machines
use rotors for their superior sealing and solids-handling
capabilities. These rotors, however, cannot facilitate
power transfer, andso theyareexternallydrivenby timing
gears. The timing gears typically reside in a separate
compartment, which is sealed off from the flow volume
where the rotors and fluid reside.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002]

Fig. 1 is a schematic cross-section of a positive-
displacement fluidmachine, according to implemen-
tations described herein;
Fig. 2 is a transverse cross-sectional view of a com-
pressor chamber of a fluid machine, according to an
implementation;
Fig. 3 is transverse a cross-sectional view of a gear
chamber of a fluid machine, according to an imple-
mentation;
Figs. 4A‑4C are perspective views of constrained
gear sets according to different implementations;
Fig. 4D is a front view of a constrained gear set with
different sized gears, according to another imple-
mentation;
Figs. 5A‑5C are perspective views of different lobed
rotor configurations driven by a four-gear con-
strained gear set, according to different implementa-
tions;
Fig. 6 is a transverse cross-sectional view of a com-
pressor chamber of a fluid machine, according to
another implementation;
Fig. 7 is a perspective view of circumferential-piston-
style rotors driven by a four-gear constrained gear
set, according to another implementation;
Fig. 8A is a perspective view of a constrained gear
set according to another implementation; and
Fig. 8B is a perspective view of a lobed rotor config-
uration according to another implementation.

DETAILED DESCRIPTION

[0003] The following detailed description refers to the
accompanying drawings. The same reference numbers
in different drawings may identify the same or similar
elements. Also, the following detailed description does
not limit the invention.
[0004] Positive-displacement fluid machines may be
used fordisplacingair (e.g., rotary lobeblowers)or liquids
(e.g., rotary lobe pumps). In some applications, such as
bulk transferapplications, positive-displacementblowers
may be used for loading and unloading cargo. Transfer
rates in such applications may be improved with higher

suction pressures. Additionally, smaller and more man-
euverable blower units may improve efficiency during
transfer setup. In other applications, positive-displace-
ment blowers may be used for pneumatic conveying
(e.g., pipeline transport), aeration in water treatment,
air supply in combustion systems, and other vacuum
systems. In conventional blowers, the number of rotors
per stage is typically limited to two,which inherently limits
the suction capabilities of these machines. To increase
the pressure differential across these conventional
blowers, multiple stages are typically used in series.
Rotary lobe pumps are sometimes used for fluids with
suspended solids, high viscosity fluids, or fluids that
require gentle pumping action. Similar to rotary lobe
blowers, multiple stages of conventional rotary lobe
pumps may be needed to achieve required pressures.
Thus, there is a need for a positive-displacement fluid
machine that canachieve increasedpressures in asingle
stage, while minimizing the overall size and weight of the
unit.
[0005] Systems and methods described herein pro-
vide a positive-displacement machine (e.g., a rotary lobe
blower or pump) with more than two rotors that are timed
by a constrained gearset. In the constrained gearset,
power is transmitted from a driving gear through other
driven gears that connect in sequence back to the driving
gear. In some aspects, there is no limit to the number of
gears in the constrained system as long as the number of
teeth and placement of the gears are properly matched.
[0006] According to one implementation, a positive-
displacement fluid machine with a constrained gear set
is provided. The positive-displacement fluid machine
may include multiple shafts including a single drive shaft
and multiple idler shafts. Multiple lobed rotors may be
included in the positive-displacement fluid machine, with
each rotor mounted for rotation on a different one of the
shafts. Each lobed rotor of the multiple lobed rotors may
mesh with at least two other lobed rotors of the multiple
lobed rotors. Aconstrainedgear setmayalsobe included
in the positive-displacement fluid machine. The con-
strained gearset may includemultiple timing gears. Each
of the multiple timing gears may be mounted for rotation
on a different one of the shafts. Each timing gear of the
multiple timing gears may intermesh with at least two
other timing gears of the multiple timing gears.
[0007] According to implementations described here-
in, a positive-displacement fluid machine including a set
of constrained gears and corresponding constrained
rotors provides advantages of higher suction and pres-
sure-building capabilities as compared to typical lobed
blowers or pumps. The systems and methods can be
applied in blowers or pumps for high suction lift and high
discharge pressures, reducing the need for multiple
stages in series. Embodiments of the positive-displace-
ment fluid machine described herein can provide im-
proved suction capability and load distribution in a more
compact package than multi-stage units. These fluid
machines may also provide a reduced overall weight
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and provide increased performance over conventional
blowers and pumps.
[0008] According to another embodiment, a positive-
displacement fluid machine includes a compressor
chamber with multiple fluid inlets and multiple fluid out-
lets, a gear chamber, multiple shafts spanning the com-
pressor chamber and the gear chamber, multiple lobed
rotors housed in the compressor chamber, and a con-
strained gear set housed in the gear chamber. The shafts
include a drive shaft andmultiple idler shafts. Each of the
lobed rotors may be mounted for rotation on a different
one of the shafts. The constrained gear set may include
multiple timing gears, each of the timing gears being
mounted for rotation on one of the plurality of shafts.
Each timing gear may intermesh with at least two other
timing gears.
[0009] According to one embodiment, each lobed rotor
may mesh with at least two other lobed rotors. The lobed
rotorsmay rotatewithin the compressor chamberwithout
contacting each other. In another embodiment, each of
the rotors may be identical and have at least two lobes.
According to another embodiment, the multiple timing
gears includes at least four timing gears. According to
another embodiment, the number of fluid inlets is equal to
the number of fluid outlets. According to still another
embodiment, the amount of fluid inlets plus the amount
of fluid outlets is equal to the number of lobed rotors. In
still another embodiment, the multiple timing gears in-
cludes at least six timing gears and at least three fluid
inlets.
[0010] According to one embodiment, the compressor
chamber further includes an inset bar installed parallel to
the shafts and through a center of the multiple lobed
rotors. The inset bar may be a non-rotating member
and fill a void in the center of the set of rotors. The inset
bar may have a perimeter with a number of sides that is
equal to the amount of the lobed rotors. In some embodi-
ments, the timing gears may include straight spur teeth,
or helically oriented teeth. In another embodiment, the
lobe rotors may include a circumferential-piston-style
rotor.
[0011] Fig. 1 is a schematic of a positive-displacement
fluid machine 100 according to an implementation. Fluid
machine 100 may correspond, for example, to a rotary
lobeblower (e.g., for displacingair/gases) or a rotary lobe
pump (e.g., for displacing liquids). A shown in Fig. 1, fluid
machine 100 may include main case 101 with a periph-
eral wall 102, which may generally form a tubular struc-
ture with an internal wall 104 oriented generally ortho-
gonally to peripheral wall 102. Internal wall 104 may
divide main case 101 into a compressor chamber 106
and a gear chamber 108. On one end of peripheral wall
102, compressor chamber 106 may be enclosed by an
end plate 110. On the other side of peripheral wall 102,
gear chamber 108may be enclosed by an end plate 112.
[0012] Each of end plate 110 and end plate 112 may
include a structure to close off an end of main case 101,
while supporting a set of shafts 130a, 130b, 130c, 130d

(all shown in Fig. 2, referred to collectively as shafts 130
or generically as shaft 130). In one implementation, end
plates 110/112 may each include bores with a bearing to
support each of shafts 130. Compressor chamber 106
may be closed on one side by end plate 110 with a fluid-
tight seal. Gear chamber 108 may be closed on one side
byendplate112withafluid-tight seal.Maincase101may
include a set of connection holes opening at the exposed
surfaces and extending at least partially into main case
101. End plates 110 and 112 may be secured to ends of
peripheral wall 102 using, for example, bolts and tapped
holes. Bolts inserted through the bolt holes into tapped
holes (not shown) may connect end plates 110/112 to
main case 101.
[0013] A set of shafts 130, including a drive shaft 130a
andmultiple idler shafts 130b, 130c, and 130d,may span
compressor chamber 106 and gear chamber 108, pas-
sing through internal wall 104. Internal wall 104 may
include openings 105, which may also accommodate
seals and/or bearings (not shown), for the shafts to ex-
tend from gear chamber 108 into compressor chamber
106. Shafts 130 may be installed in parallel and sup-
portedbyoneormoreof endplates110/112.According to
an implementation, shafts 130may be supported on both
sides of main case 101 by journal bearings, needle
bearings, or any other type of bearing. This type of sup-
port allows for higher pressure capabilities and less wear
on the bearings than traditional lobe pumps with canti-
lever (or overhung) arrangements. In other implementa-
tions, shafts 130may be supported with bearings on one
side of main case 101 and at internal wall 104 with an
overhung arrangement. For example, shafts 150may be
supported for rotation by bearings (not shown) included
in internal wall 104 and end plate 112 without support
from endplate 110. As shown in Fig. 1, drive shaft 150a
may extend beyond end plate 112, for example, to allow
for coupling to an input shaft (e.g., powered by a motor).
Shafts 150mayeachbemadeof the samematerial, such
as steel or another rigid material.
[0014] Fig. 2 is a transverse cross-sectional view of
compressor chamber 106, taken along line A-A of Fig 1.
Fig. 3 is transverse a cross-sectional view of gear cham-
ber 108, taken along line B-B of Fig. 1. Fluidmachine 100
is described further herein in connection with Figs. 1‑3.
[0015] A set of identical rotors 120 (individually re-
ferred to herein as rotors 120a, 120b, 120c, and 120d)
may be disposed within compressor chamber 106. Each
of rotors 120 may be attached to a corresponding shaft
130andmounted for rotation on the shaft.When installed
onshafts 130 in compressor chamber106, lobesof rotors
120 may mesh but are configured to not contact each
other (e.g., due to the use of timing gears 150 described
below).
[0016] Compressor chamber 106may includemultiple
fluid inlets 114a and 114b (e.g., shown in Fig. 2, referred
to collectively as inlets 114or generically as inlet 114) and
multiple fluid outlets 116a and 116b (e.g., shown in Fig. 2,
referred to collectively as outlets 116 or generically as
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outlet 116). As described further herein, the number of
inlets 114 and outlets 116may correspond to the number
and arrangement of rotors 120 included within compres-
sor chamber 106. In some implementations, the number
of inlets 114 may be equal to the number of outlets 116,
and the combined number of inlets 114 and outlets 116
may equal the number of rotors 120. Inlets 114 and
outlets 116 are not limited by their size or shape.
[0017] Compressor chamber 106 may have multiple
rounded wall sections 140 (referred to individually as
rounded wall sections 140a, 140b, 140c, and 140d).
The rounded wall sections 140 may be generally located
between each inlet 114/outlet 116 along the internal
circumference of peripheral wall 102. Each rotor 120
may be mounted for rotation about a shaft 130 at the
center of the rotor, which generally corresponds with a
center of curvature of a corresponding rounded wall
section 140. For example, rotor 120a may be mounted
for rotation about drive shaft 130a (Fig. 2), which is
disposed at center of curvature of rounded wall section
140a. In one implementation, rotors 120 may each have
two lobes. In other implementations, rotors 120mayeach
have three or more lobes.
[0018] Main case 101 is configured to include a set of
timing gears 150 (referred to individually as timing gears
150a, 150b, 150c, and 150d) journaled in gear chamber
108. Timing gears 150 may generally be isolated from
rotors 120 via interior wall 104 (along with bearings
and/or seals where shafts 130 pass through). Thus, gear
chamber 108 may be separate from compression cham-
ber 106 and have, for example, a dedicated oil bath or
other lubrication source and seal set (not shown).
[0019] One gear 150a may be mounted to rotate with
driveshaft 130aat its center.Similarly, drivengears150b,
150c, and 150d may be mounted for rotation with idler
shafts 130b, 130c, and 130d, respectively. Gears 150
may have peripheral teeth that intermesh with contact to
teeth of other gears so that the rotationof oneof the gears
150 (e.g., gear 150a attached to drive shaft 130a) may
cause rotation of the other gears (e.g., gears 150a, 150b,
and 150c). The teeth of gears 150 may have uniform
sizes and may be machined to intermesh for all angular
positions in a rotation of the gears 150.
[0020] In an exemplary implementation, one rotor 120
and one timing gear 150 may be affixed on each shaft
130. For example, rotor 120a may be fixed on drive shaft
130a with gear 150a (e.g., with interior wall 104 there-
between). Similarly, rotor 120b may be fixed on shaft
130b with gear 150b; rotor 120c may be fixed on shaft
130cwith gear 150c; and rotor 120dmaybefixedonshaft
130d with gear 150d. The axial length of rotors 120 may
extend across a width (W) of chamber 106, as shown in
Fig. 1.
[0021] Rotor 120amay be driven directly by drive shaft
130a. Thus, drive shaft 130a (e.g., when attached to a
motor) simultaneously drives rotation of gear 150a and
rotor 120a. Rotors 120b, 120c, and 120d may be driven
by shafts 130b, 130c, and 130d, respectively. Each of

shafts 130b, 130c, and 130d may be driven by gears
150b, 150c, and 150d, respectively.
[0022] According to implementations herein, fluid ma-
chine 100 may include timing gears 150 arranged as a
constrained gear set including a four or more (e.g., six,
eight, etc.) timing gears in gear chamber 108. Timing
gears 150 may have peripheral teeth that intermesh so
that the rotation of one of the gears 150 causes rotation of
the other gears. As a constrained gear set, each of the
timing gears 150 in the constrained gear set may mesh
with two other timing gears 150. Each of timing gears 150
may be mounted for rotation about one of the plurality of
shafts 130. Each rotor 120 and gear 150 combination
maybekeyed toa respectiveshaft 130 toprevent rotation
of rotor 120/gear 150 relative to shaft 130. In the example
of Fig. 3, driving gear 150a may mesh with gears 150b
and 150d; gear 150b may mesh with gears 150a and
150c; gear 150cmaymeshwith gear 150band150d; and
gear 150d may mesh with gears 150c and 150a. In one
implementation, the configuration of each gear 150 (e.g.,
pitch diameter, outside diameter, thickness, number of
teeth, etc.) may be the same.
[0023] Figs. 4A‑4C illustrate constrained timing gear
arrangements for different numbers of timing gears. Fig.
4A is a perspective view of a four-gear constrained ar-
rangement. Fig 4B is a perspective view of a six-gear
constrained arrangement. Fig. 4C is a perspective view
of an eight-gear constrained arrangement. In each of
Figs. 4A‑4C, the number of gears 150 corresponds to
the number of rotors 120 and shafts 130 used for fluid
machine 100. Similarly, the number of rotors 120 used in
compressor chamber 106 may define the number of
inlets 114 and outlets 116 for compressor chamber
106. Furthermore, for each constrained gear arrange-
ment, internal wall 104, end plate 110, and/or end plate
112 may be configured to support a corresponding num-
ber of shafts 130, with seals and bearings for each shaft
130.
[0024] Although Figs. 4A‑4C illustrate basic timing
gear arrangements, there are numerous other combina-
tions with varying gear sizes, number of teeth, and num-
ber of gears that may be used in other implementations.
In each constrained system, gears will include the same
module (i.e., measure of tooth size) to function, and the
total number of gearswill beanevennumber (e.g., 4, 6, 8,
12, etc.). Additionally, the number of teeth/gears/centers
can be manually matched. Thus, as shown in Fig. 4D,
gears of different sizes (e.g., different pitch diameters,
different outerdiameters, different toothcounts, etc.)may
be used. However, identical gears are generally more
likely to be used to provide the same rate of rotation of
gears 150 and rotors 120.
[0025] Rotors 120 may be configured with multiple
lobes 160 (shown, for example, in Figs. 5A‑5C). Gener-
ally, a lobe 160 refers to the sealing surface that meshes
with lobes 160of other rotors 120. The lobes 160of rotors
120areconfigured tomeshwithout contactingeachother
when rotors 120 rotate within compressor chamber 106
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(e.g., due to the configuration of timing gears 150). Figs.
5A‑5C are schematic illustrations of different rotor styles
that may be used in implementation described herein. In
the illustrations of Figs. 5A‑5C, a constrained gear set
with four gears 150 is shown immediately behind rotors
120 for alignment context. In an actual configuration,
gears 150 and rotors 120 may be separated by interior
wall 104.
[0026] Fig. 5A illustrates bi-lobe-style rotors 120 driven
by a constrained gearset of gears 150 and shown in two
different rotational orientations. Fig. 5B illustrates tri-
lobe-style rotors 120 driven by a constrained gearset
of gears 150 and shown in two different rotational orien-
tations. Fig. 5C illustrates quad-lobe-style rotors 120
driven by a constrained gearset of gears 150 and shown
in two different rotational orientations. While Figs. 5A‑5C
illustrate a constrained gearset with four gears 150, in
other implementations, bi-lobe-style rotors 120, tri-lobe-
style rotors 120, or quad-lobe-style rotors 120 may be
used with other constrained gearsets (e.g., constrained
gearsets with six gears 150, constrained gearset with
eight gears 150, etc.). Thus, the number of lobes 160 on
rotors 120 is not limited by any particular configuration of
constrained gear set.
[0027] During operation, fluid is drawn from fluid inlets
114 into chamber 106. Referring to Fig. 2 particularly,
rotors 120a and 120d may mesh during rotation, such
that cavities between lobes of rotors 120a and 120d
expand near inlet 114a to draw fluid into chamber 106.
Similarly, rotors 120b and 120c may also mesh during
rotation to similarly draw in fluid near inlet 114b. As rotors
120 rotate, fluid is trapped in cavities between the re-
spective lobes 160 and rounded wall sections 140 of
chamber 106. Each rotor 120 is aligned or otherwise
configured to provide a continuous seal along the width,
W, of chamber 106 to prevent slippage. Thus, fluid is
transported from an inlet 114 to a respective outlet 116,
where meshing of the rotors compresses the respective
cavities and forces fluid out through the discharge port
116. More particularly, rotor 120a may generally move
fluid from inlet 114a to outlet 116a, and rotor 120d may
generally move fluid from inlet 114a to outlet 116b. Simi-
larly, rotor 120b may generally move fluid from inlet 114b
to outlet 116a, and rotor 120c may generally move fluid
from inlet 114b to outlet 116b.
[0028] Fig. 6 is a simplified illustration of a cross-sec-
tional view of compressor chamber 106 according to
another implementation. Particularly, Fig. 6 illustrates a
compressor chamber with a six bi-lobe-rotor arrange-
ment. The total number of inlets 114 and outlets 116 in
compressor chamber may be equal to the number of
rotors (i.e., six), and the number of inlets 114 may be
equal to thenumberof outlets116.A roundedwall section
140maybe locatedbetweeneach inlet 114andoutlet 116
along the internal circumference of peripheral wall 102.
Each rotor 120may bemounted for rotation about a shaft
130 at the center of the rotor. The axis of a shaft 130 and
the center of a rotor 120 generally correspond to a center

of curvatureofa corresponding roundedwall section140.
[0029] Similar to the four bi-lobe rotor arrangement of
Fig. 2, during operation in the arrangement of Fig. 6, fluid
is drawn from fluid inlets 114 into chamber 106. Referring
to Fig. 6, rotors 120a and 120f maymesh during rotation,
such that cavities between lobes of rotors 120a and 120f
expand near inlet 114a to draw fluid into chamber 106.
Similarly, rotors 120band120c and rotors 120dand120e
may also mesh during rotation to draw in fluid near inlet
114b and 114c, respectively. Each rotor 120 is aligned or
otherwise configured to provide a continuous seal along
the width, W, of chamber 106 to prevent slippage. Thus,
fluid is transported from an inlet 114, along a respective
rounded wall section 140, to a respective outlet 116,
where meshing of the rotors compresses the respective
cavities and forces fluid out through the discharge port
116. For example, rotor 120a may generally move fluid
from inlet 114a to outlet 116a, rotor 120f may generally
move fluid from inlet 114c to outlet 116a. Rotor 120bmay
generally move fluid from inlet 114a to outlet 116b, rotor
120c may generally move fluid from inlet 114b to outlet
116b. Rotor 120d may generally move fluid from inlet
114b to outlet 116c, and rotor 120e may generally move
fluid from inlet 114c to outlet 116c.
[0030] As shown in Fig. 6, according to an implemen-
tation, chamber 106 may include an inset bar 180. Inset
bar 180 may be installed, for example, parallel to shafts
130 across the width, W, of chamber 106. Inset bar 180
maybeafixed (e.g., non-rotating)member and fill at least
aportionofavolume/void inacenter region184or interior
of the set of rotors 120. Inset bar 180 may prevent fluid
from stagnating in center region 184 of the set of rotors
120. In one implementation, inset bar 180 may have a
perimeterwith a number of sides182equal to the number
of rotors 120 in chamber 106. Each side 182 may have,
for example, a radius of curvature that is the same or
similar to the radius of curvature of rounded wall sections
140. In other implementations, inset bar 180 may have
straight sides182. In still other implementations, inset bar
180 may have a different number of sides than the
number of rotors 120. For example, inset bar 180 may
have a round perimeter.
[0031] Fig. 7 illustrates a set of circumferential-piston-
style rotors 170 driven by a constrained gearset of gears
150 and shown in two different rotational orientations. In
Fig. 7, aconstrainedgear setwith fourgears150 isshown
immediately behind rotors 170 for alignment context. In
an actual configuration, gears 150 and rotors 120may be
separated by interior wall 104. Circumferential-piston-
style rotors 170, also referred to as claw-type rotors,
may be operated in a similar manner to the bi-lobe rotors
described above (e.g., Fig. 5A). Particularly, rotors 170
may be mounted on shafts 130 (not shown in Fig. 7) and
configured so that rotors 170 do not contact each other
when the rotors 170 rotate within compressor chamber
106.
[0032] Rotors 170 may include wings 172 or pistons
that function similarly to lobes 160 on rotors 120. The
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shape of wings 172 and placement at opposite ends of
each rotor 170 forms comparatively large cavities 174
(e.g., compared to those of bi-lobed rotors 120) that can
minimize shear and bruising of solids during operation.
According to an implementation, each circumferential-
piston-style rotor 170 may be identical. In other config-
urations, rotors 170 with different shapes may be paired
in a meshing arrangement. In the quad-rotor arrange-
ment shown in Fig. 7 with a constrained gear set of four
gears 150, rotors 170 may operate similarly to the ar-
rangement described above in connection with Fig. 2.
[0033] Fig. 8A illustrates a constrained timing gear
arrangement with helical gears 190. Helical gears 190
may have teeth that are angled along the axis of rotation
(e.g., in contrast with straight gears that have teeth
parallel to the axis of rotation) and may allow multiple
teeth to from each gear 190 to intermesh simultaneously
with teeth of an adjacent gear 190. Fig. 8A is a perspec-
tive view of a four-gear constrained arrangement. In Fig.
8A, the number of helical gears 190 corresponds to the
number of rotors 120 and shafts 130 used for fluid ma-
chine 100. Helical gears 190may provide improvedwear
and/or noise characteristics (e.g., over geared systems
with spur gears). A constrained gear set of helical gears
190may be used in conjunction with a corresponding set
of straight rotors 120 (e.g., Fig. 5A) or a set of helical
rotors (e.g., Fig. 8B).
[0034] Fig. 8B is a perspective view of a helical lobed
rotor configuration for use with a four-gear constrained
gear set. In Fig. 8B, the number of helical rotors 195
corresponds to the number of timing gears 150/190 and
shafts 130 used for fluid machine 100. A set of helical
rotors 195maybeused in conjunctionwith a correspond-
ing constrained gear set of helical gears 190 (e.g., Fig.
8A) or a corresponding constrained gear set of straight
timing gears 120 (e.g., Fig. 4A).
[0035] Systems, apparatuses, andmethods described
herein provide a positive-displacement fluid machine
with more than two rotors that are timed by a constrained
gearset. The fluid machine may include multiple shafts
including a single drive shaft and multiple idler shafts.
Multiple lobed rotors may be included in the fluid ma-
chine, with each rotor mounted for rotation on a different
one of the shafts. Each lobed rotor of themultiple of lobed
rotorsmaymeshwith at least twoother lobed rotors of the
multiple of lobed rotors. A constrained gear set may also
be included in the fluidmachine. The constrained gearset
may include multiple timing gears. Each of the multiple
timing gears may be mounted for rotation on a different
one of the shafts. Each timing gear of the multiple timing
gears may intermesh with at least two other timing gears
of the multiple timing gears.
[0036] Embodiments described herein may provide
improved suction capability and load distribution in a
more compact package than conventional multi-stage
blowers or pumps. By eliminating the need for a series
of different stages, embodiments described herein may
also provide a reduced overall weight and increased

performance over conventional blowers and pumps.
[0037] The foregoing description of exemplary imple-
mentations provides illustration and description but is not
intended to be exhaustive or to limit the embodiments
described herein to the precise form disclosed. Modifica-
tions and variations are possible in light of the above
teachings or may be acquired from practice of the em-
bodiments. Additionally, other processes described in
this description may be modified and/or non-dependent
operations may be performed in parallel.
[0038] Although the invention has been described in
detail above, it is expressly understood that it will be
apparent to persons skilled in the relevant art that the
invention may be modified without departing from the
spirit of the invention. Various changes of form, design, or
arrangement may be made to the invention without de-
parting from the spirit and scope of the invention. There-
fore, the above-mentioned description is to be consid-
eredexemplary, rather than limiting, and the truescopeof
the invention is that defined in the following claims.
[0039] As set forth in this description and illustrated by
the drawings, reference is made to "an exemplary em-
bodiment," "an embodiment," "embodiments," etc.,
which may include a particular feature, structure or char-
acteristic in connection with an embodiment(s). How-
ever, the use of the phrase or term "an embodiment,"
"embodiments," etc., in various places in the specifica-
tion does not necessarily refer to all embodiments de-
scribed, nor does it necessarily refer to the same embo-
diment, nor are separate or alternative embodiments
necessarily mutually exclusive of other embodiment(s).
The same applies to the term "implementation," "imple-
mentations," etc.
[0040] The terms "a," "an," and "the" are intended to be
interpreted to include one or more items. The term "an-
d/or" is intended to be interpreted to include any and all
combinations of one ormore of the associated items. The
word "exemplary" is used herein to mean "serving as an
example."Anyembodiment or implementationdescribed
as "exemplary" is not necessarily to be construed as
preferred or advantageous over other embodiments or
implementations.
[0041] Use of ordinal terms such as "first," "second,"
"third," etc., in the claims to modify a claim element does
not by itself connote any priority, precedence, or order of
one claim element over another, the temporal order in
which actsof amethodare performed, the temporal order
inwhich instructionsexecutedbyadeviceareperformed,
etc., but are used merely as labels to distinguish one
claim element having a certain name from another ele-
ment havinga samename (but for useof theordinal term)
to distinguish the claim elements.
[0042] No element, act, or instruction used in the de-
scription of the present application should be construed
as critical or essential to the invention unless explicitly
described as such.
[0043] Exemplary methods, devices, electronic de-
vices, and non-transitory computer-readable storage
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media are set out in the following items:

1. A positive-displacement fluid machine, compris-
ing:

a compressor chamber including multiple fluid
inlets and multiple fluid outlets;
a gear chamber;
a plurality of shafts spanning the compressor
chamber and the gear chamber, wherein the
plurality of shafts includes:

a drive shaft, and
multiple idler shafts;
a plurality of lobed rotors housed in the
compressor chamber, each of the plurality
of lobed rotors being mounted for rotation
on one of the plurality of shafts; and
a constrained gear set housed in the gear
chamber, the constrainedgear set including
a plurality of timing gears, each of the plur-
ality of timing gears beingmounted for rota-
tion on one of the plurality of shafts, wherein
each timing gear in the plurality of timing
gears intermeshes with at least two other
timing gears of the plurality of timing gears.

2. The positive-displacement fluidmachine of item1,
wherein each of the lobed rotors is identical and
includes at least two lobes.

3. The positive-displacement fluidmachine of item1,
wherein the multiple timing gears includes at least
four timing gears.

4. The positive-displacement fluidmachine of item1,
wherein the number of multiple fluid inlets is equal to
the number of multiple fluid outlets.

5. The positive-displacement fluidmachine of item3,
wherein an amount of the fluid inlets plus an amount
of the fluid outlets is equal to a number of the plurality
of lobed rotors.

6. The positive-displacement fluidmachine of item1,
wherein the plurality of timing gears includes at least
six timing gears.

7. The positive-displacement fluidmachine of item6,
wherein the multiple fluid inlets include three fluid
inlets.

8. The positive-displacement fluidmachine of item1,
wherein thecompressor chamber further includesan
inset bar installed parallel to the shafts and through a
center region of the plurality of lobed rotors.

9. The positive-displacement fluidmachine of item8,

wherein the inset bar has a perimeter with a number
of sides equal to a number of the plurality of lobed
rotors.

10. The positive-displacement fluid machine of item
1, wherein each lobed rotor of the plurality of lobed
rotors meshes with at least two other lobed rotors of
the plurality of lobed rotors.

11. The positive-displacement fluid machine of item
10, wherein the plurality of lobed rotors do not con-
tact each other when the plurality of lobed rotors
rotate within the compressor chamber.

12. The positive-displacement fluid machine of item
1, further comprising:
an internal wall separating the compressor chamber
and the gear chamber, wherein the internal wall
includes openings for the plurality of shafts to extend
from the gear chamber into the compressor cham-
ber.

13. The positive-displacement fluid machine of item
1, wherein each of the plurality of lobed rotors in-
cludes a circumferential-piston-style rotor.

14. The positive-displacement fluid machine of item
1, wherein the positive-displacement fluid machine
comprises a rotary-lobe blower.

15. The positive-displacement fluid machine of item
1, wherein each timing gear of the plurality of timing
gears includes one of:

straight spur teeth, or
helically oriented teeth.

16. An assembly for a fluid machine, comprising:

a plurality of shafts including a drive shaft and
multiple idler shafts;
a plurality of lobed rotors, each of the plurality of
lobed rotorsbeingmounted for rotationononeof
the plurality of shafts, wherein each lobed rotor
of the plurality of lobed rotors meshes with at
least two other lobed rotors of the plurality of
lobed rotors; and
a constrained gear set, the constrained gear set
including a plurality of timing gears, each of the
plurality of timing gears being mounted for rota-
tion on one of the plurality of shafts, wherein
each timing gear of the plurality of timing gears
intermeshes with at least two other timing gears
of the plurality of timing gears.

17. The assembly of item 16, wherein the drive shaft
is configured to drive rotation of a first gear of the
plurality of timinggearsandafirst rotor of theplurality
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of lobed rotors, and wherein the first gear is config-
ured to drive rotation of at least a second gear and a
third gear of the plurality of timing gears.

18. The assembly of item 16, wherein the assembly
is configured toprevent contact between theplurality
of lobed rotors when the plurality of lobed rotors are
installed within a compression chamber.

19. The assembly of item 16, further comprising:
an inset bar aligned parallel to the plurality of shafts
and through a center region of the plurality of lobed
rotors.

20. The assembly of item 16, wherein each timing
gear of the plurality of timing gears includes one of:

straight spur teeth, or
helically oriented teeth.

Claims

1. A positive-displacement fluid machine, comprising:

a compressor chamber including multiple fluid
inlets and multiple fluid outlets;
a gear chamber;
a plurality of shafts spanning the compressor
chamber and the gear chamber, wherein the
plurality of shafts includes:

a drive shaft, and
multiple idler shafts;

a plurality of lobed rotors housed in the com-
pressor chamber, each of the plurality of lobed
rotors being mounted for rotation on one of the
plurality of shafts; and
a constrained gear set housed in the gear cham-
ber, the constrainedgear set includingaplurality
of timing gears, each of the plurality of timing
gears being mounted for rotation on one of the
plurality of shafts, wherein each timing gear in
the plurality of timing gears intermeshes with at
least two other timing gears of the plurality of
timing gears.

2. The positive-displacement fluid machine of claim 1,
wherein each of the lobed rotors is identical and
includes at least two lobes.

3. The positive-displacement fluid machine of claim 1
or 2, wherein the multiple timing gears includes at
least four timing gears.

4. The positive-displacement fluid machine of any of
theprecedingclaims,wherein thenumberofmultiple

fluid inlets is equal to the number of multiple fluid
outlets.

5. The positive-displacement fluid machine of claim 3,
wherein an amount of the fluid inlets plus an amount
of the fluid outlets is equal to a number of the plurality
of lobed rotors.

6. The positive-displacement fluid machine of any of
the preceding claims, wherein the plurality of timing
gears includes at least six timing gears.

7. The positive-displacement fluid machine of claim 6,
wherein the multiple fluid inlets include three fluid
inlets.

8. The positive-displacement fluid machine of any of
the preceding claims, wherein the compressor
chamber further includes an inset bar installed par-
allel to the shafts and through a center region of the
plurality of lobed rotors.

9. The positive-displacement fluid machine of claim 8,
wherein the inset bar has a perimeter with a number
of sides equal to a number of the plurality of lobed
rotors.

10. The positive-displacement fluid machine of any of
thepreceding claims,wherein each lobed rotor of the
plurality of lobed rotors meshes with at least two
other lobed rotors of the plurality of lobed rotors.

11. Thepositive-displacement fluidmachine of claim10,
wherein the plurality of lobed rotors do not contact
each other when the plurality of lobed rotors rotate
within the compressor chamber.

12. The positive-displacement fluid machine of any of
the preceding claims, further comprising:
an internal wall separating the compressor chamber
and the gear chamber, wherein the internal wall
includes openings for the plurality of shafts to extend
from the gear chamber into the compressor cham-
ber.

13. The positive-displacement fluid machine of any of
the preceding claims, wherein each of the plurality of
lobed rotors includes a circumferential-piston-style
rotor.

14. The positive-displacement fluid machine of any of
the preceding claims, wherein the positive-displace-
ment fluid machine comprises a rotary-lobe blower.

15. The positive-displacement fluid machine of any of
the preceding claims, wherein each timing gear of
the plurality of timing gears includes one of:
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straight spur teeth, or
helically oriented teeth.
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