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Description

Field of the Invention

[0001] The present disclosure relates generally to air
supply units for vehicles, such as automobiles. More
specifically, the present disclosure relates to an inte-
grated air supply unit for operating an air-lift suspension
in a vehicle.

Related Art

[0002] Air suspension assemblies are known in the art
for use on various vehicles, including automobiles. Air
suspension assemblies typically include a plurality of air
springs, each for interconnecting the body and one of the
wheels of the automotive vehicle for damping relative
forces between the body and the wheels, and for adjust-
ing the height of the automotive vehicle. One example of
suchanair suspensionassembly is disclosed inU.S.Pat.
No. 5,465,209 to Sammut et al. The air suspension
assembly includes a compressor for filling the air springs
as well as a plurality of valves that are disposed between
the compressor and the air springs and controlled by a
controller for regulating airflow from the compressor to
the air springs.
[0003] An air suspension assembly may include an air
supply unit (ASU) that combines a compressor and dryer
with an exhaust control valve. A separate Integrated Air
ManagementModule (IAMM)may includecontrol valves,
a manifold pressure sensor, and a ECU in a single unit.
The IAMM may communicate with the ASU through a
pressure port, a boost port, and through one or more
electrical connections.
[0004] Known air supply and management systems
can be relatively pricey, bulky and complex in design.
Accordingly, there remains a need for low-cost improve-
ments to such air supply and management.
Document CN205744338U discloses a two rank pres-
sure boost air compressor machine including a cylinder
body and a motor, the motor drives piston reciprocating
motion in the cylinder body, by air inlet intake air, and by
the gas vent exhaust air.
[0005] The machine includes air inlets, compression
end air vents, check valves, exhaust solenoid valves and
desiccators.

Summary of the Invention

[0006] Thepresent inventionprovidesan integratedair
supply unit as claimed in the appended claims. The
integrated air supply unit comprises a compressor hous-
ing that includesapiston slidably disposedwithin apiston
bore. The integrated air supply unit also comprises a
pressure control unit (PCU) body defining a plurality of
fluid passages and a plurality of solenoid valves config-
ured to selectively control airflow through corresponding
ones of the plurality of fluid passages. The integrated air

supply unit also comprises a desiccant housing extend-
ing between the compressor housing and the PCU body
and defining a desiccant cavity configured to hold a
desiccant container for removing moisture from air pas-
sing therethrough.
[0007] The integratedair supply unit further comprises:
a manifold including at least one fluid passage; a dis-
charge control valve configured to selectively control
airflow from the manifold to a supply port for supplying
pressurized air to an external device; a compressor
configured to supply pressurized air in a first pressurized
air passage, wherein the compressor comprises the
compressorhousing; adryer configured to removemoist-
ure from the pressurized air in the first pressurized air
passage and to supply dried pressurized air in a second
pressurized air passage, wherein the dryer comprises
the desiccant housing; and a supply control valve con-
figured to configured to selectively control airflow be-
tween the second pressurized air passage and themani-
fold. The integrated air supply unit also comprises a
piloted exhaust valve. The piloted exhaust valve includes
an inlet passage and a discharge passage and is con-
figured to control airflow therebetween. The piloted ex-
haust valve includes an exhaust valve bore having a
semi-closed end, a tubular portion extending from the
semi-closed end and into the exhaust valve bore, and a
stepped piston that slidably movable within the exhaust
valve bore. The stepped piston divides the exhaust valve
borebetweenafirst chamberandasecondchamber.The
stepped piston includes a control surface defining an end
of the first chamber, and a lower surface opposite the
control surface.Thesteppedpistonalso includesapiston
extension that extends into the tubular portion.Thepiston
extension includes a sealing face configured to selec-
tively seal against a valve seat to block fluid communica-
tion between the inlet passage and the discharge pas-
sage. The integrated air supply unit also comprises an
exhaust control valve configured to selectively control
flow of air between the first chamber and the second
chamber of the piloted exhaust valve. The inlet passage
of the piloted exhaust valve is in direct fluid communica-
tion with the first pressurized air passage.
[0008] The present disclosure also provides an inte-
gratedair supplyunit that comprises: amanifold including
at least one fluid passage; a discharge control valve
configured to selectively control airflow from themanifold
to a supply port for supplying pressurized air to an ex-
ternal device; a compressor configured to supply pres-
surized air in a first pressurized air passage; a dryer
configured to remove moisture from the pressurized air
in the first pressurized air passage and to supply dried
pressurized air in a second pressurized air passage; and
a supply control valve configured to configured to selec-
tively control airflow between the second pressurized air
passage and the manifold. The integrated air supply unit
also comprises a piloted exhaust valve. The piloted ex-
haust valve includes an inlet passage and a discharge
passage and is configured to control airflow therebetw-
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een. The piloted exhaust valve includes an exhaust valve
bore having a semi-closed end, a tubular portion extend-
ing from the semi-closed end and into the exhaust valve
bore, and a stepped piston that slidably movable within
the exhaust valve bore. The stepped piston divides the
exhaust valveborebetweenafirst chamberandasecond
chamber. The stepped piston includes a control surface
defining an end of the first chamber, and a lower surface
opposite the control surface. The stepped piston also
includes a piston extension that extends into the tubular
portion. The piston extension includes a sealing face
configured to selectively seal against a valve seat to
block fluid communication between the inlet passage
and the discharge passage. The integrated air supply
unit also comprises an exhaust control valve configured
to selectively control flow of air between the first chamber
and the second chamber of the piloted exhaust valve.
The first chamber of the piloted exhaust valve is in direct
fluid communication with the second pressurized air
passage. The second chamber of the piloted exhaust
valve is direct in fluid communication with an exhaust
passage open to atmosphere. The inlet passage of the
piloted exhaust valve is in direct fluid communicationwith
the first pressurized air passage.
[0009] The present disclosure also provides an air
pump. The air pump comprises a compressor housing
andaslidingmember. Thecompressor housingdefinesa
stepped bore including a low-pressure bore having a first
cross-sectional area and a high-pressure bore coaxial
with the low-pressure bore and having a second cross-
sectional area smaller than the first cross-sectional area.
The sliding member includes a low-pressure piston slid-
ably disposed in the low-pressure bore and a high-pres-
sure piston slidably disposed in the high-pressure bore.
The sliding member defines a hollow cavity between the
low-pressurepistonand thehigh-pressurepiston. Theair
pump also includes articulating member disposed within
the hollow cavity of the sliding member and pivotably
coupled thereto by a wrist pin.

Brief Description of Drawings

[0010] Further details, features and advantages of de-
signs of the invention result from the followingdescription
of embodiment examples in reference to the associated
drawings.

Fig. 1A showsaperspective viewof an IntegratedAir
Supply Unit of the present disclosure;

Fig. 1B shows a top view of the Integrated Air Supply
Unit of Fig. 1A;

Fig. 1C shows a side view of the Integrated Air
Supply Unit of Fig. 1A;

Fig. 2 shows an exploded view of the Integrated Air
Supply Unit of Fig. 1A;

Figs. 3A‑3B each show perspective views of a com-
pressor housing of the Integrated Air Supply Unit of
the present disclosure;

Fig. 4A shows a perspective view of a desiccant
housing of the Integrated Air Supply Unit of the
present disclosure;

Fig. 4B shows a cut-away fragmentary view of the
desiccant housing of Fig. 4A;

Fig. 4C shows a perspective view of the desiccant
housing of Fig. 4A, with partial transparency to show
internal components;

Fig. 5 shows a perspective viewof a pressure control
unit (PCU) body, with partial transparency to show
internal components;

Fig. 6A shows a perspective view of a dual piston
assembly of the Integrated Air Supply Unit of the
present disclosure;

Fig. 6B shows a top view of the dual piston assembly
of Fig. 6A;

Fig. 6C shows a perspective view of the dual piston
assembly of Fig. 6A, with additional components
attached thereto;

Fig. 6D shows a fragmentary view including a reed
valve of the dual piston assembly of Fig. 6A;

Fig. 7A shows a first cross-sectional view of a com-
pressor assembly of the IntegratedAir SupplyUnit of
the present disclosure;

Fig. 7B shows a second cross-sectional view of the
compressor assembly through a plane perpendicu-
lar to the first cross-sectional view of Fig. 7A;

Figs. 8A‑8C each show cross-sectional views of a
dryer assembly of the Integrated Air Supply Unit of
the present disclosure;

Fig. 9 shows a schematic diagram of a first arrange-
ment for an Integrated Air Supply Unit of the present
disclosure; and

Fig. 10 shows a schematic diagram of a second
arrangement for an Integrated Air Supply Unit of
the present disclosure.

Description of the Enabling Embodiments

[0011] Referring to the drawings, the present invention
will be described in detail in view of following embodi-
ments.
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[0012] Figs. 1A‑1C show various views of an Inte-
grated Air Supply Unit (IASU) 20, which may be installed
in a vehicle for operating an air-lift suspension in the
vehicle. The IASU 20of the present disclosure may com-
bine a compressor, dryer, exhaust control valves, and an
Integrated Air Management Module (IAMM) in an inte-
grated assembly. The IASU 20 of the present disclosure
may be more compact and have a lower weight than
conventional air supply units.
[0013] The IASU 20 includes a mounting bracket 22 to
which the remaining components are attached. The
mounting bracket 22 may include a foundation, such
as a baseplate, and mounting structures, such as tabs,
flanges, holes, etc. for attachment to one or more vehicle
structures. The mounting bracket 22 may be customized
for a particular vehicular application, whereas other com-
ponents of the IASU 20 may be standardized. The IASU
20 also includes a compressor housing 24, a pressure
control unit (PCU) body 26, a desiccant housing 28, a
motor assembly 30, an electronic control unit (ECU) 32,
an exhaust muffler 38, and an air intake hose 46.
[0014] Fig. 2 shows an exploded view of the IASU 20,
including tie-rod bolts 34 that join the compressor hous-
ing 24, the desiccant housing 28, themotor assembly 30,
and the PCU body 26. Three isolation mounts 36 are
attached to the mounting bracket 22 for holding corre-
sponding ones of the compressor housing 24 and the
PCU body 26, while preventing vibrations from being
transmitted from the compressor housing 24 to the
mounting bracket 22. It should be appreciated that this
is merely an example configuration, and the mounting
bracket 22 may have a different size or shape, and the
IASU 20may include any number of the isolationmounts
36 in any configuration.
[0015] Fig. 2 also shows an exhaust muffler 38 at-
tached to the compressor housing 24, and a dual piston
assembly 40 that fits within a stepped bore 42 of the
compressor housing24.Thesteppedbore42 isenclosed
by a low-pressure chamber cover 44 that overlies a
corresponding face of the compressor housing 24 and
is attached thereto with screws. An intake hose barb 48
screws into the compressor housing 24 for fluidly cou-
pling to the air intake hose 46. A service cap 50 screws
into a corresponding port (not shown in Fig. 2) in the
compressor housing 24 to provide access to the stepped
bore 42.
[0016] The PCU body 26 may include a block of ma-
terial, such asmachined aluminum, defining a plurality of
fluid passages (not shown on Fig. 2). The PCU body 26
may include a plurality of solenoid bores 25, each receiv-
ing a corresponding valve core 27. The valve cores 27
may each cooperate with corresponding fluid passages
to form solenoid valves that are configured to selectively
control airflow through the corresponding fluid passages.
The PCU body 26 also defines a plurality of air ports 29
providing fluid communication to transmit air to/from ex-
ternal devices, such as air springs and/or an external air
reservoir.

[0017] Apilotedexhaust valve52 iscoupled to thePCU
body 26 and fits within a corresponding exhaust valve
bore 54 of the desiccant housing 28. The compressor
housing 24 defines a motor bore 56 for receiving the
motor assembly 30. The compressor housing 24 also
defines a desiccant bore 58 for receiving the desiccant
housing 28. Each of the motor bore 56 and the desiccant
bore 58 are defined in a common face of the compressor
housing 24 adjacent to one another and each extend
perpendicular to the stepped bore 42.
[0018] The motor assembly 30 includes a motor shaft
60 having a main shaft bearing 62 disposed thereabout,
and an eccentric bearing 64 located on an end thereof. A
power connector 66 extends out of an end of the motor
assembly 30 opposite from the eccentric bearing 64 and
extents througha corresponding hole in thePCUbody26
to plug into the ECU 32.
[0019] Figs. 3A‑3B show additional details of the com-
pressor housing 24, including various integrally formed
cooling fins, and showing attachment of the intake hose
barb 48 and the service cap 50. Fig. 3B shows the
compressor housing 24 as partially transparent to illus-
trate internal components including a low-pressure outlet
check valve LOCV and a high-pressure outlet check
valve HOCV that are integrated therein.
[0020] Figs. 4A‑4C show various views of the desic-
cant housing 28, including radial O-ring seals 55, 149,
151, 163 for sealing the exhaust valve bore 54 and the
passageways 148, 150, 162, respectively, on a common
face of the PCU body 26. A desiccant container 68
containing desiccantmaterial and filters is disposedwith-
in the desiccant housing 28. The desiccant housing 28
defines a through-bore 150, which extends between and
fluidly connects the compressor housing 24 and the PCU
body 26. The through-bore 150 may also be called a
boost passageway. The desiccant housing 28 also de-
fines an exhaust passage 37 for conveying exhaust air to
the exhaust muffler 38. A compressor-side radial O-ring
seal 152 is shown on Fig. 4B for sealing the through-bore
150 of the desiccant housing 28 to the compressor hous-
ing 24.
[0021] Fig. 5 shows details of the pressure control unit
(PCU) body 26, including the solenoid bores 25 and the
plurality of air ports 29 all disposed on a common face of
the PCU body 26.
[0022] Figs. 6A‑6D show various views of the dual
piston assembly 40, which includes a sliding member
70. The sliding member 70 includes a low-pressure pis-
ton 74 and a high-pressure piston 76 located on opposite
ends thereof.
[0023] The sliding member 70 also includes a central
portion extending between thepistons 74, 76anddefines
a central cavity 72 located between the low-pressure
piston 74 and the high-pressure piston 76. The sliding
member 70 may be made of cast and/or machined alu-
minum, although other materials may be used. The low-
pressure piston 74 includes two reed-type valves 78
located on a face thereof, and which are retained there-
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upon by rivets 79. The reed-type valves may allow air to
flow through the low-pressure piston 74 in one direction
while blocking airflow in an opposite direction. The high-
pressure piston 76 may also include one or more of the
reed-type valves 78, and the reed-type valves 78may be
retained on the low-pressure piston 74 and/or the high-
pressure piston 76 by other fastening means, such as
using one or more fasteners, an adhesive, and/or by
welding.
[0024] Still referring to Figs. 6A‑6D, the dual piston
assembly 40 also includes an articulating member 80
disposed in the central cavity 72. The articulating mem-
ber 80defines a large bore 82 holdinga steelwear sleeve
84. Thesteelwear sleeve84maybefixedwithin the large
bore 82, e.g. by a press fit. It should be appreciated that
the steel wear sleeve 84 is not necessarily made of steel,
and may include one or more other materials suitable for
the application.
[0025] The articulating member 80 may be made of
cast aluminum, although other materials may be used.
The steel wear sleeve 84 defines a cylindrical interior
surface 86 for receiving the eccentric bearing 64 in a
press fit. The articulating member 80 is pinned to move
axially with the sliding member 70 by a wrist pin 90 and a
pin bushing 92. The wrist pin 90 passes through the
sliding member 70 and permits the sliding member 70
to articulate through a defined arc length. Together, the
eccentric bearing 64, thewrist pin 90, and the articulating
member 80 convert rotational motion of the motor shaft
60 into reciprocal linear motion of the sliding member 70.
[0026] Figs. 7A‑7B show cross-sections of the com-
pressor assembly within the compressor housing 24 of
the IASU 20. As shown on Fig. 7A, the stepped bore 42
includes a low-pressure bore 42l and a high-pressure
bore 42h that are coaxial with one another. The low-
pressure bore 42l has a first cross-sectional area, and
the high-pressure bore 42hhas a second cross-sectional
area that is smaller than the first cross-sectional area. In
some embodiments, and as shown in the drawing, the
low-pressure bore 42l and the high-pressure bore 42h
each have circular cross-sections, and the first cross-
sectional area of the low-pressure bore can be repre-
sented by a circle having a larger diameter than a dia-
meter of the high-pressure bore 42h. The low-pressure
piston 74 is slidably disposed in the low-pressure bore
42l, and the high-pressure piston 76 is slidably disposed
in thehigh-pressurebore42h.Thecompressorassembly
of the IASU 20 of the present disclosure provides two-
stage air pump (compressor) with a one-piece sliding
member 70. The sliding member 70 includes low-pres-
sure piston 74 and the high-pressure piston 76 coupled
together and configured to slide along a common axis
through the stepped bore 42.
[0027] The low-pressure piston 74 includes a first seal-
ing member 75 incorporated therein for providing an
airtight seal with the low-pressure bore 42l, and the
high-pressure piston 76 includes a second sealingmem-
ber 77 incorporated therein for providing an airtight seal

with the high-pressure bore 42h. The sealing members
75, 77 may be circumferentially disposed about the cor-
respondingoneof thepistons74, 76, as shown inFig. 7A.
Either or both of the sealingmembers 75, 77may provide
airtight seals for pressures in a range of 0‑50 bar.
[0028] Fig. 7A also shows the motor shaft 60 that
includes an eccentric shaft extension 94, with the ec-
centric bearing 64 disposed thereabout. The eccentric
bearing 64 may be fixed onto the eccentric shaft exten-
sion 94, e.g. by a press fit. The eccentric shaft extension
94 is offset from a rotational axis of the motor shaft 60 by
some distance. For example, the eccentric shaft exten-
sion 94may be offset from the rotational axis of themotor
shaft 60 by 2 millimeters to 6 millimeters. Fig. 7A also
shows the compressor housing 24 defining the motor
bore 56, which is transverse to the stepped bore 42. A
main bearing 62 is disposed in the motor bore 56 and
supported therein for supporting themotor shaft 60,while
allowing the motor shaft 60 to rotate. The compressor
housing 24 also includes a boss 96 that is transverse to
the stepped bore 42 and collinear with themotor bore 56.
The boss 96 is configured to receive and retain a motor
housing 31 of the motor assembly 30. A sealing member
97, such as an O-ring, extends around the boss 96 and
seals against the motor housing to provide a seal there-
between.
[0029] Fig. 7A also shows an interface between the
compressor housing 24 and the desiccant housing 28,
including an outlet check valve 100 including an elasto-
meric member 101 configured to selectively seal against
a seat surface 102 of the compressor housing 24 and to
selectively block airflow through a fluid passage 104 that
is in fluid communicationwith an endof the high-pressure
bore 42h. A coil spring 106 biases the elastomeric mem-
ber 101 against the seat surface 102 of the compressor
housing 24. The outlet check valve 100 may allow air to
flow out of the compressor housing 24 and into the
desiccant housing 28 while blocking airflow in an oppo-
site direction.
[0030] Fig. 7B shows a second cross-sectional view of
the compressor assembly through a plane perpendicular
to the first cross-sectional view of Fig. 7A. As shown in
Fig. 7B, the low-pressure piston 74 includes two pas-
sages 98 extending therethrough. Each of the passages
98 may be covered by a corresponding one of the reed-
type valves 78 (not shown on Fig. 7B).
[0031] Figs. 8A‑8C show cross-sections of the desic-
cant housing 28 of the IASU 20. The desiccant housing
28 includes a desiccant-type dryer assembly to remove
moisture from incoming air and to recharge the desiccant
from outgoing air. The desiccant housing 28 may be
constructed from injectionmolded plastic, although other
materials may be used. As shown in Fig. 8A, the desic-
cant housing 28 extends between the compressor hous-
ing 24 and the PCU body 26.
[0032] The desiccant housing 28 defines a desiccant
cavity 110 holding desiccant container 68 therein. The
desiccant container 68 has a cup-like, cylindrical shape,
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and the desiccant cavity 110 has a cylindrical shape
sufficiently largeenough tocreateanairflowgapbetween
the desiccant container 68 and an inner surface thereof.
The desiccant container 68 includes at least one perfo-
rated retainer 112 having a thin, cylindrical shape, and at
least one filter 113 having a thin cylindrical shape for
retaining desiccant material therein.
[0033] A desiccant spring 116 is located at one end of
the desiccant container 68 and presses against an end of
the desiccant bore 58 in the compressor housing 24. The
desiccant spring 116may be configured to exert force on
the desiccant material in the desiccant container 68
sufficient to keep thedesiccantmaterial firmly compacted
during periods of high flow. A desiccant retainer 118
having a cup shape is located between the compressor
housing 24 and the desiccant spring 116. The desiccant
retainer 118 includes an annular flange 120, with an O-
ring seal 122 located between the annular flange120and
the compressor housing 24 to provide an airtight seal
therebetween. As best shown in Fig. 4B, the desiccant
retainer 118 includesanendsurfacedefiningaplurality of
intake holes 119 for transmitting air from the compressor
housing 24 into the desiccant container 68.
[0034] Referringback toFig. 8A, thedesiccant housing
28 defines an offset bore 130 to provide an exhaust flow
out of the desiccant cavity 110. The offset bore 130 may
extend parallel to and offset from a central axis of the
desiccant cavity 110. The piloted exhaust valve 52 con-
trols the flowof exhaust air out of the desiccant cavity 110
via the offset bore 130. The desiccant housing 28 defines
exhaust valve bore 54with a cup shape including a semi-
closed end 53. A tubular portion 139 extends from the
semi-closed end 53 and into the exhaust valve bore 54
[0035] The piloted exhaust valve 52 includes an inlet
passage 131 and a discharge passage 132. In some
embodiments, and as shown in Fig. 8A, the offset bore
130of the desiccant housing28defines the inlet passage
131 of the piloted exhaust valve 52. However, the piloted
exhaust valve 52 may have another configuration or
arrangement, which may be in a different part of the
desiccant housing 28 or spaced apart from the desiccant
housing 28.
[0036] Thepilotedexhaust valve52 includesastepped
piston 134 that is disposed within the exhaust valve bore
54 and is slidably movable therein. The stepped piston
134 includes a large-diameter portion 135 that spans the
exhaust valve bore 54anddivides the exhaust valve bore
54 into a first chamber 146 and a second chamber 147,
with the first chamber 146 extending between the large-
diameter portion 135 and the semi-closed end 53. The
large-diameter portion 135 of the stepped piston 134
includes a control surface 136 that defines an end of
the first chamber 146. The large-diameter portion 135 of
the stepped piston 134 also includes a lower surface 137
opposite the control surface 136. The stepped piston 134
also includes a piston extension 138 that extends from
the control surface 136 and into the tubular portion 139.
The piston extension 138 includes a sealing face 140

configured to selectively seal against a valve seat 141,
blocking fluid communication between the inlet passage
131 and the discharge passage 132. The large-diameter
portion 135 of the stepped piston 134 includes a first
groove 144 holding a correspondingO-ring configured to
seal against the exhaust valve bore 54. The piston ex-
tension 138 of the stepped piston 134 includes a second
groove 145 holding a correspondingO-ring configured to
seal against an inner surface of the tubular portion 139.
[0037] In someembodiments, andas shown inFig. 8A,
an elastomeric seal 142 is disposed over the sealing face
140 to provide an airtight seal with the valve seat 141. A
valve spring 143 is disposed within the second chamber
147 and configured to bias the sealing face 140 of the
stepped piston 134 against the valve seat 141. This may
make the piloted exhaust valve 52 a normally-closed
valve. The valve spring 143 may act against a face of
the PCU body 26, as shown in Fig. 8A, although other
physical configurations may be possible.
[0038] In operation, the stepped piston 134 is config-
ured to move away from the semi-closed end 53 in
response to air pressure in the first chamber 146 acting
on the control surface 136 overcoming a sum of a first
force of air pressure in the second chamber 147acting on
the lower surface 137 and the biasing force of the valve
spring 143, thereby causing the sealing face 140 to be
pulled away from the valve seat 141, and providing fluid
communication between the inlet passage 131 and the
discharge passage 132.
[0039] In some embodiments and as shown, for ex-
ample, in Fig. 10, the second chamber 147 of the piloted
exhaust valve 52 is in fluid communication with an ex-
haust passage 37 that is open to atmosphere.
[0040] In some embodiments, the stepped piston 134
may have an area ratio between the lower surface 137
and the sealing face 140, which may be in a range of 8 to
11. In otherwords, the lower surface137maybebetween
8 and 11 times larger in area than the sealing face 140.
[0041] The desiccant housing 28 also defines a control
passageway 148 configured to provide fluid communica-
tion between the PCU body 26 and the first chamber 146
for transmitting air to control operation of the piloted
exhaust valve 52.
[0042] As also shown in Fig. 8A, the desiccant housing
28 also defines a through-bore 150 that is configured to
provide direct fluid communication between the com-
pressor housing and the PCUbody 26. The through-bore
150 is sealed against the PCU body 26 on one end by a
first radial O-ring seal 151. An opposite end of the
through-bore150 issealedagainst thecompressorhous-
ing 24 end by a second radial O-ring seal 152. The
through-bore 150 may provide a pneumatic connection
between theboost solenoid valve in thePCUbody26and
the low-pressure outlet check valve LOCV and high-
pressure inlet check valveHICV in the compressor hous-
ing 24.
[0043] Fig. 8B shows a cross-section of the dryer as-
sembly of the IASU 20, through a plane parallel to and
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spaced apart from the cross-section shown in Fig. 8A. As
shown in Fig. 8B, the desiccant housing 28 includes a
protrusion 160 defining a through-hole 162. The through-
hole 162 may extend parallel to and offset from a central
axis of thedesiccant cavity 110.A radialO-ring seal 163 is
disposed on the protrusion 160 of the desiccant housing
28 around the through-hole 162 and configured to fit
within a corresponding recess 169 in a face of the
PCU body 26 for sealing therewith.
[0044] The desiccant container 68 includes a tubular
protrusion 164 configured to fit into the through-hole 162
with a sealing fit to provide fluid communication between
an interior space thereof and the corresponding recess
169 in the PCU body 26 via the through-hole 162. An O-
ring 168 is disposed around the tubular protrusion 164
and configured to seal with a corresponding step 166 in
the protrusion 160 of the desiccant housing 28.
[0045] Fig. 8C shows a cross-section of the dryer
assembly of the IASU 20, through a plane parallel to
and spaced apart from the cross-sections shown in Figs.
8Aand8B.As shown inFig. 8C, the desiccant housing28
defines a guide hole 170 that is sufficiently large to act as
a guide for one of the tie-rod bolts 34 that physically hold
the compressor housing 24 to the PCU body 26. More
specifically, the guide hole 170 in the desiccant housing
28 is aligned with a first bolt hole 172 in the compressor
housing24andwith a threadedbore 174 in thePCUbody
26 to provide sufficiently strong retention between the
compressor housing 24 and the PCU body 26.
[0046] Fig. 9 shows a schematic diagram of a first
arrangement 320 of the IASU 20. As shown in Fig. 9,
the first arrangement 320 includes four supply ports 322,
324, 326, 328, including a left-front supply port 322, a
right-front supply port 324, a left-rear supplyport 326, and
a right-rear supply port 328. Each of the supply ports 322,
324, 326, 328 is fluidly coupled to supply air to a corre-
sponding air spring 323, 325, 327, 329, including a left-
front air spring 323, a right-front air spring 325, a left-rear
air spring 327, and a right-rear air spring 329. Each of the
air springs 323, 325, 327, 329 may be connected to a
correspondingwheel of a vehicle. In someembodiments,
an auxiliary pressure relief valve APRmay be connected
to the air lines of one or more of the air springs 323, 325,
327, 329.
[0047] The first arrangement 320 also includes dis-
charge control valves 330, 332, 334, 336 corresponding
to each of the air springs 323, 325, 327, 329. Each of the
discharge control valves 330, 332, 334, 336 is configured
to selectively control airflow from a manifold 338 to a
corresponding supply port 322, 324, 326, 328 for supply-
ing pressurized air to an external device, such as a
corresponding one of the air springs 323, 325, 327,
329. The manifold 338 includes at least one fluid pas-
sage. In some embodiments, the manifold 338 may in-
clude a plurality of passages, such as bores in a PCU
body 26, in fluid communication with one another.
[0048] Each of the discharge control valves 330, 332,
334, 336 may be normally-closed solenoid valves. The

discharge control valves 330, 332, 334, 336may include:
a left-front control valve 330, controlling airflow to and
from the left-front air spring 323 via the left-front supply
port 322; a right-front control valve332, controllingairflow
to and from the right-front air spring 325 via the right-front
supply port 324; a left-rear control valve 334, controlling
airflow to and from the left-rear air spring 327 via the left-
rear supply port 326; and a right-rear control valve 336,
controlling airflow to and from the right-rear air spring 329
via the right-rear supply port 328. The left-front control
valve 330 and the right-front control valve 332 are each
fluidly connected to a front-side air passage 340, and the
left-rear control valve 334 and the right-rear control valve
336 are each fluidly connected to a rear-side air passage
341.
[0049] The front-side air passage 340 is fluidly con-
nected to the manifold 338 via a front-side check valve
342 that provides airflow from the manifold 338 to the
front-side air passage 340, while blocking airflow in an
opposite direction. The front-side air passage 340 is also
fluidly connected to the manifold 338 via a front-side
orifice 344 that provides a limited amount of airflow
between the manifold 338 and the front-side air passage
340 in either direction. The rear-side air passage 341 is
fluidly connected to the manifold 338 via a rear-side
check valve 346 that provides airflow from the manifold
338 to the rear-side air passage 341, while blocking
airflow inanopposite direction. The rear-sideair passage
341 is also fluidly connected to the manifold 338 via a
rear-side orifice 348 that provides a limited amount of
airflow between the manifold 338 and the rear-side air
passage 341 in either direction.
[0050] A reservoir 310 is fluidly connected to a reser-
voir port 312 in the first arrangement 320 of the IASU 20
shown in Fig. 9. The reservoir 310may be external to the
IASU 20, as shown in Fig. 9. Alternatively, the reservoir
310 may be integrally constructed with the IASU 20. At
least one reservoir valve 350, 352 is configured to selec-
tively provide fluid communication between the reservoir
port 312 and the manifold 338. In some embodiments,
and as shown in Fig. 9, the At least one reservoir valve
350, 352 includes a first reservoir valve 350anda second
reservoir valve 352 in a parallel configuration, with the
reservoir valves 350, 352 each having different flow
characteristics. For example, the first reservoir valve
350may be relatively small to allow opening at high delta
pressures between the reservoir 310 andmanifold 338 to
balance pressures therebetween, and the second reser-
voir valve 352 may substantially larger than the first
reservoir valve 350 to allow relatively high airflow rates
therethrough.
[0051] The first arrangement 320 of the IASU 20 also
includes a manifold pressure sensor 354 measures the
pressure in the manifold 338. The first arrangement 320
of the IASU 20 also includes an electronic control unit
(ECU) 32 configured to control several electrical devices,
such as control valves 330, 332, 334, 336, 350, 352, 376,
380, 394, 396 and an electric motor 362 via correspond-
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ing electrical conductors 356. The ECU 32 may also
monitor one or more sensors, such as the manifold
pressure sensor 354, and position sensors on one or
more of the air springs 323, 325, 327, 329. The ECU 32
may be vented to atmosphere via an external vent 314.
[0052] The first arrangement 320 of the IASU 20 also
includes a compressor 360 including an electric motor
362, a low-pressure air pump 364, and a high-pressure
air pump 366. The compressor 360 is configured to
supply pressurized air in a first pressurized air passage
370. One or both of the air pumps 364, 366may include a
piston that is driven by the electric motor 362 and con-
figured to supply the pressurized air in the first pressur-
ized air passage 370. The compressor 360 may include
the dual piston assembly 40 of the present disclosure. In
some embodiments, and as shown in Fig. 9, an inter-
mediate air passage 368 connects the low-pressure air
pump 364, and the high-pressure air pump 366. The low-
pressure air pump 364 sucks air from an air intake 316
and discharges the air at a higher pressure into the
intermediateair passage368.The low-pressureair pump
364 includes a low-pressure inlet check valve LICVand a
low-pressure outlet check valve LOCV. The high-pres-
sure air pump 366 sucks air from the intermediate air
passage 368 and discharges the air at a higher pressure
into the first pressurized air passage 370. The high-
pressure air pump 366 includes a high-pressure inlet
check valveHICVand a high-pressure outlet check valve
100.
[0053] The first arrangement 320 of the IASU 20 also
includes a dryer 372 configured to removemoisture from
the pressurized air in the first pressurized air passage
370 and to supply dried pressurized air in a second
pressurized air passage 374. In some embodiments,
the dryer 372 may include the arrangement shown in
Figs. 8A‑8C, and described elsewhere in the present
disclosure. For example, the dryer 372 may include a
desiccant housing 28 defining a desiccant cavity 110
holding a desiccant material, with the desiccant material
disposed in an airflow path between the first pressurized
air passage 370 and the second pressurized air passage
374 for removing moisture from air passing therebetw-
een.
[0054] A supply control valve 376 is configured to
configured to selectively control airflow between the
second pressurized air passage 374 and the manifold
338. The supply control valve 376 may be a normally-
closed solenoid valve. In some embodiments, and as
shown in Fig. 9, a flow-control orifice 378 is disposed in
the second pressurized air passage 374 to restrict the
flow of air therethrough.
[0055] In someembodiments, andas shown inFig. 9, a
boost valve 380 provides selective fluid communication
between the reservoir port 312 and an inlet of the com-
pressor 360. The inlet of the compressor 360may be the
intermediate air passage 368. Alternatively, the inlet of
the compressor 360 may be fluidly connected to the
intake of the low-pressure air pump 364. However, such

a configuration may require an additional check valve
(not shown in theFigs.) topreventboostair from theboost
valve 380 from leaking out of the air intake 316. A boost
check valve 382 is disposed in a boost passage 384
between the boost valve 380 and the intermediate air
passage 368 and is configured to allow airflow from the
reservoir 310 to the inlet of the compressor 360 while
blocking airflow in an opposite direction. The boost pas-
sage 384 may include the through-bore 150 described
elsewhere in the present disclosure.
[0056] A third pressurized air passage 388 is fluidly
connected to the second pressurized air passage 374,
between the flow-control orifice 378 and the supply con-
trol valve 376 and via an exhaust check valve 390. The
exhaust check valve 390 allows airflow from the second
pressurized air passage 374 into the third pressurized air
passage 388 while blocking airflow in an opposite direc-
tion. The third pressurized air passage 388 may include
anaccumulator 392,whichmaybeahollowvolume in the
compressor housing 24.
[0057] The first arrangement 320 of the IASU 20 also
includes a piloted exhaust valve 52 which includes an
inlet passage 131 and a discharge passage 132 and is
configured to control airflow therebetween. The piloted
exhaust valve52may include thedesign shown inFig. 8A
and described elsewhere in the present disclosure. The
piloted exhaust valve 52 includes an inlet passage 131
anda discharge passage 132and is configured to control
airflow therebetween. The piloted exhaust valve 52 may
include a stepped piston 134 disposed within an exhaust
valve bore 54 having a semi-closed end 53 and a tubular
portion 139 extending from the semi-closed end 53 and
into the exhaust valve bore 54. The stepped piston 134
divides the exhaust valve bore 54 between a first cham-
ber 146 and a second chamber 147. The stepped piston
134 includes a control surface 136 defining an end of the
first chamber146.Thesteppedpiston134also includesa
lower surface 137 opposite the control surface 136. The
stepped piston 134 also includes a piston extension 138
that extends from the control surface 136 and into the
tubular portion 139. The piston extension 138 includes a
sealing face 140 that is configured to selectively seal
against a valve seat 141, blocking fluid communication
between the inlet passage 131 and the discharge pas-
sage 132. The piloted exhaust valve 52 also includes a
valve spring 143 disposed within the second chamber
andconfigured tobias the sealing face140of thestepped
piston 134 toward the valve seat 141.
[0058] The stepped piston 134 is configured to move
away from the semi-closed end 53 in response to air
pressure in the first chamber 146 acting on the control
surface 136 overcoming a sum of a first force of air
pressure in the second chamber 147 acting on the lower
surface 137 and a biasing force of the valve spring 143,
thereby causing the sealing face 140 to be pulled away
from the valve seat 141, and providing fluid communica-
tion between the inlet passage 131 and the discharge
passage 132.
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[0059] In some embodiments, and as shown in Fig. 9,
the inlet passage 131 of the piloted exhaust valve 52may
be in direct fluid communication with the first pressurized
air passage 370, with no obstructions or valves there-
between. In some embodiments, and as shown in Fig. 9,
the discharge passage 132 of the piloted exhaust valve
52may be in direct fluid communication with the ambient
atmosphere via the exhaust passage 37 and the exhaust
muffler 38, and with no valves therebetween. In some
embodiments, and as shown in Fig. 9, a flow restrictor,
suchasan orifice 397 is disposed in theexhaust passage
37 between the discharge passage 132 of the piloted
exhaust valve 52 and the exhaust muffler 38 for limiting a
flow rate therethrough.
[0060] The first arrangement 320 of the IASU 20 also
includes a first exhaust control valve 394 configured to
selectively control flowof pressurizedair from the second
pressurized air passage 374 to the first chamber 146 of
the piloted exhaust valve 52. The first exhaust control
valve 394 may be a normally-closed solenoid valve. In
some embodiments, and as shown in Fig. 9, the first
exhaust control valve 394 may selectively control airflow
between the third pressurized air passage 388 and a first
control air passage393 that is in fluidcommunicationwith
the first chamber 146 of the piloted exhaust valve 52.
[0061] The first arrangement 320 of the IASU 20 also
includes a second exhaust control valve 396 configured
to selectively control flow of pressurized air between the
first chamber 146 and the second chamber 147 of the
piloted exhaust valve 52. The second exhaust control
valve 396 may be a normally-open solenoid valve. In
some embodiments, and as shown in Fig. 9, the second
exhaust control valve 394 may selectively control airflow
between the first control air passage 393 and a second
control air passage395 that is in fluidcommunicationwith
the second chamber 147 of the piloted exhaust valve 52.
[0062] In operation, the exhaust control valves 394,
396may control operation of the piloted control valve 52,
thereby controlling a flow of air that is exhausted from the
first pressurized air passage 370.
[0063] Fig. 10 shows a schematic diagram of a second
arrangement 420 of the IASU 20. The second arrange-
ment 420 for the IASU20maybesimilar or identical to the
first arrangement320of the IASU20, shown inFig. 9,with
a few changes described herein.
[0064] The second arrangement 420 of the IASU 20
includes a first check valve 430 disposed in the second
pressurized air passage 374 between the dryer 372 and
the supply control valve 376 and configured to allow
airflow from the manifold 338 to the dryer 372, while
blocking airflow in an opposite direction. A bypass pas-
sage 432 provides fluid communication between the
manifold 338 and the second pressurized air passage
374, around the supply control valve 376 and the first
check valve430.Asecondcheckvalve434 isdisposed in
thebypasspassage432and is configured toallowairflow
from the second pressurized air passage 374 to the
manifold 338 while blocking airflow in an opposite direc-

tion.
[0065] In the second arrangement 420 of the IASU 20,
andasshown inFig. 10, the third pressurizedair passage
388 is fluidly connected to the second pressurized air
passage 374, between the first check valve 430 and the
supply control valve 376. The third pressurized air pas-
sage 388 is also directly fluidly connected to the first
chamber 146 of the piloted exhaust valve 52, with no
control valves therebetween.
[0066] In the second arrangement 420 of the IASU 20,
and as shown in Fig. 10, the inlet passage 131 of the
pilotedexhaust valve52 is in fluidcommunicationwith the
first pressurized air passage 370. The discharge pas-
sage 132 of the of the piloted exhaust valve 52 is fluidly
connected to the exhaust passage 37, as in the first
arrangement 320 of the IASU 20. However, and unlike
the first arrangement 320 of the IASU 20, the second
chamber 147 of the piloted exhaust valve 52 is also fluidly
coupled to the exhaust passage 37.
[0067] The second arrangement 420 of the IASU 20
includesonly oneexhaust control valve396.Theexhaust
control valve 396 is configured to selectively control flow
of pressurized air between the first chamber 146 and the
second chamber 147 of the piloted exhaust valve 52. As
shown inFig. 10, theexhaust control valve396 is fluidly to
the first chamber 146 of the piloted exhaust valve 52 via
the third pressurized air passage 388. The exhaust con-
trol valve 396 is also fluidly to the second chamber 147 of
the piloted exhaust valve 52 via the exhaust passage 37.
The exhaust control valve 396 must be a normally-open
solenoid valve.
[0068] The foregoing description is not intended to be
exhaustive or to limit the disclosure. Individual elements
or features of a particular embodiment are generally not
limited to that particular embodiment, but, where applic-
able, are interchangeable and can be used in a selected
embodiment, even if not specifically shown or described;
the invention is defined by the appended claims.

Claims

1. An integrated air supply unit (20) comprising:

a compressor housing (24) including a piston
slidably disposed within a piston bore;
a pressure control unit (PCU) body (26) defining
a plurality of fluid passages and a plurality of
solenoid valves configured to selectively control
airflow through corresponding ones of the plur-
ality of fluid passages; and
a desiccant housing (28) extending between the
compressorhousing (24)and thePCUbody (26)
and defining a desiccant cavity (110) configured
to hold a desiccant container (68) for removing
moisture from air passing therethrough,
wherein the integratedair supplyunit (20) further
comprises:
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a manifold (338) including at least one fluid
passage;
a discharge control valve (330, 332, 334,
336) configured toselectively control airflow
from the manifold (338) to a supply port
(322, 324, 326, 328) for supplying pressur-
ized air to an external device;
a compressor (360) configured to supply
pressurized air in a first pressurized air
passage (370), wherein the compressor
(360) comprises the compressor housing
(24);
adryer (372) configured to removemoisture
from the pressurized air in the first pressur-
ized air passage (370) and to supply dried
pressurized air in a second pressurized air
passage (374), wherein the dryer (372)
comprises the desiccant housing (28);
a supply control valve (376) configured to
selectively control airflow between the sec-
ond pressurized air passage (374) and the
manifold (338);
a piloted exhaust valve (52) including an
inlet passage (131) and a discharge pas-
sage (132) and configured to control airflow
therebetween, the piloted exhaust valve
(52) including an exhaust valve bore (54)
having a semi-closed end (53), a tubular
portion (139) extending from the semi-
closed end (53) and into the exhaust valve
bore (54), and a stepped piston (134) slid-
ably movable within the exhaust valve bore
(54) and dividing the exhaust valve bore
(54) between a first chamber (146) and a
second chamber (147), the stepped piston
(134) including a control surface (136) de-
fining an end of the first chamber (146), and
a lower surface (137) opposite the control
surface (136), the stepped piston (134) in-
cluding a piston extension (138) extending
into the tubular portion (139), the piston
extension (138) including a sealing face
(140) configured to selectively seal against
a valve seat (141) to block fluid communi-
cation between the inlet passage (131) and
the discharge passage (132); and
anexhaust control valve (396) configured to
selectively control flow of air between the
first chamber (146) and the second cham-
ber (147) of the piloted exhaust valve (52),
wherein the inlet passage (131) of the pi-
loted exhaust valve (52) is in direct fluid
communication with the first pressurized
air passage (370).

2. The integrated air supply unit (20) of claim1,wherein
the desiccant housing (28) defines a through-bore
(150) extending between the compressor housing

(24) and thePCUbody (26) sealed by radial seals on
each end thereof.

3. The integrated air supply unit (20) of claim 1 or 2,
wherein the desiccant housing (28) further defines a
guide hole (170) configured to guide a large bolt (34)
connecting the compressor housing (24) and the
PCU body (26).

4. The integratedair supplyunit (20) of anyoneclaims1
to 3, wherein the compressor housing (24) defines a
fluid passage between the piston bore and the de-
siccant cavity (110); and
wherein the integrated air supply unit (20) further
comprises a check valve (100) including an elasto-
meric member (101) biased against the compressor
housing (24) to selectively block the fluid passage
between the piston bore and the desiccant cavity
(110) and allowing airflow from the piston bore into
the desiccant cavity (110)while blocking airflow in an
opposite direction.

5. The integrated air supply unit (20) of claim 1, further
comprising:
another exhaust control valve (394) configured to
selectively control flow of pressurized air from the
second pressurized air passage (374) to the first
chamber (146) of the piloted exhaust valve (52).

6. The integrated air supply unit (20) of Claim 5, where-
in the compressor (360) further comprises:

an electric motor (362),
wherein the piston disposed within the piston
bore is driven by the electric motor (362) and
configured to supply pressurized air in the first
pressurized air passage (370).

7. The integrated air supply unit (20) of Claim 5 or 6,
further comprising:

a reservoir port (312) providing a fluid connec-
tion to an external reservoir (310); and
at least one reservoir valve (350, 352) config-
ured to selectively provide fluid communication
between the reservoir port (312) and the mani-
fold (338), in particular wherein the at least on
reservoir valve (350, 352) includes two reservoir
valves (350, 352) in a parallel configuration and
having different flow characteristics.

8. The integratedair supply unit (20) ofClaim1,wherein
the first chamber (146) of the piloted exhaust valve
(52) is in direct fluid communication with the second
pressurized air passage (374); and
wherein the second chamber (147) of the piloted
exhaust valve (52) is direct in fluid communication
with an exhaust passage open to atmosphere.
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9. The integrated air supply unit (20) of Claim 8 or 5,
wherein the desiccant cavity holds a desiccant ma-
terial; andwherein thedesiccantmaterial is disposed
in an airflow path between the first pressurized air
passage (370) and the second pressurized air pas-
sage (374) for removing moisture from air passing
therebetween.

10. The integrated air supply unit (20) of Claim 8, further
comprising:

a first check valve (430) disposed in the second
pressurized air passage (374) and configured to
allow airflow from themanifold (338) to the dryer
(372) while blocking airflow in an opposite direc-
tion; and
a bypass passage (432) providing fluid commu-
nication between the manifold (338) and the
second pressurized air passage (374), with a
second check valve (434) disposed in the by-
pass passage (432) and configured to allow
airflow from the second pressurized air passage
(374) to themanifold (338)while blocking airflow
in an opposite direction.

11. The integrated air supply unit (20) of Claim 8, further
comprising:

a reservoir port (312) providing a fluid connec-
tion to an external reservoir; and
at least one reservoir valve (350, 352) config-
ured to selectively provide fluid communication
between the reservoir port (312) and the mani-
fold (338).

12. The integrated air supply unit (20) of Claim 11 or 7,
further comprising:
a boost valve (380) configured to selectively provide
fluidcommunicationbetween the reservoir port (312)
and an inlet of the compressor (360).

13. The integrated air supply unit (20) of Claim 1, where-
in the piston bore is a stepped bore (42) including a
low-pressure bore (42l) having a first cross-sectional
area and a high-pressure bore (42h) coaxial with the
low-pressure bore (42l) and having a second cross-
sectional area smaller than the first cross-sectional
area;

wherein the integratedair supplyunit (20) further
comprises a sliding member (70) including a
low-pressure piston (74) slidably disposed in
the low-pressure bore (42l) and a high-pressure
piston (76) slidably disposed in the high-pres-
surebore (42h),wherein saidpiston includes the
low-pressure piston (74) and the high-pressure
piston (76), the sliding member (70) defining a
hollow cavity between the low-pressure piston

(74) and the high-pressure piston (76); and
an articulating member (80) disposed within the
hollow cavity (72) of the slidingmember (70) and
pivotably coupled thereto by a wrist pin (90).

14. The integrated air supply unit (20) of claim13, further
comprising:

a motor assembly (30) including a motor case
and a motor shaft (60) rotatable about an axis
andcoupled toaneccentric shaft (64)offset from
the axis; and
a bearing (64) located within the hollow cavity
(72) of the sliding member (70) and disposed
between the articulatingmember (80) and about
the eccentric shaft (64) and causing the articu-
lating member (80) transmit a oscillating linear
motion through the stepped bore (42) in re-
sponse to the motor shaft (60) rotating about
the axis; and/or wherein the compressor hous-
ing (24) defines a motor bore (56) extending
transverse to the stepped bore (42) and config-
ured to receive themotor shaft (60), andwherein
the compressor housing (24) definesaboss (96)
extending outwardly around at least a portion of
a periphery of the motor bore (56) for engaging
the motor case.

15. The integrated air supply unit (20) of claim 13 or 14,
further comprising: a passage (98) extending
through the low-pressure piston (74); and a reed-
type valve (78) covering the passage (98) and per-
mitting airflow therethrough in one direction while
blocking airflow in an opposite direction, in particular
wherein the reed-type valve (78) is fixed to a face of
the low-pressure piston (74) by one of a fastener, an
adhesive, or by welding.

Patentansprüche

1. Eine integrierte Luftversorgungseinheit (20), die aus
Folgendem besteht:

einem Kompressorgehäuse (24) mit einem in
einer Kolbenbohrung gleitend angeordneten
Kolben;
einem Körper der Drucksteuereinheit (PCU-
Körper) (26), der eine Vielzahl von Flüssigkeits-
kanälen und eine Vielzahl von Magnetventilen
definiert, die so konfiguriert sind, dass sie den
LuftstromdurchentsprechendeKanäle derViel-
zahl von Flüssigkeitskanälen selektiv steuern;
und
einemTrockenmittelgehäuse (28), das sich zwi-
schen dem Kompressorgehäuse (24) und dem
PCU-Körper (26) erstreckt und eine Trocken-
mittelkammer (110) definiert, der so konfiguriert
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ist, dass er einen Trockenmittelbehälter (68)
zum Entfernen von Feuchtigkeit aus der durch
ihn hindurchströmenden Luft aufnimmt,
wobei die integrierte Luftversorgungseinheit
(20) weiterhin aus Folgendem besteht:

einemVerteiler (338)mitmindestens einem
Flüssigkeitskanal;
einem Abflusssteuerventil (330, 332, 334,
336), das so konfiguriert ist, dass es den
Luftstrom vomVerteiler (338) zu einemVer-
sorgungsanschluss (322, 324, 326, 328) für
die Zufuhr von Druckluft zu einer externen
Vorrichtung selektiv steuert; einem Kom-
pressor (360), der so konfiguriert ist, dass
er Druckluft in einen ersten Druckluftdurch-
gang (370) liefert, wobei der Kompressor
(360) das Kompressorgehäuse (24) um-
fasst;
einem Trockner (372), der so konfiguriert
ist, dass er Feuchtigkeit aus der Druckluft in
dem ersten Druckluftdurchgang (370) ent-
fernt und getrocknete Druckluft in einen
zweiten Druckluftdurchgang (374) liefert,
wobei der Trockner (372) das Trockenmit-
telgehäuse (28) umfasst;
einem Versorgungssteuerventil (376), das
so konfiguriert ist, dass es den Luftstrom
zwischen dem zweiten Druckluftdurchgang
(374) und dem Verteiler (338) selektiv
steuert;
einem gesteuerten Auslassventil (52), das
einen Einlasskanal (131) und einen Aus-
lasskanal (132) enthält und so konfiguriert
ist, dass es den Luftstrom dazwischen
steuert,wobei dasgesteuerteAuslassventil
(52) eine Auslassventilbohrung (54) mit ei-
nem halbgeschlossenen Ende (53), einen
rohrförmigen Abschnitt (139), der sich von
dem halbgeschlossenen Ende (53) und in
die Auslassventilbohrung (54) erstreckt,
und einen Stufenkolben (134) enthält, der
in der Auslassventilbohrung (54) gleitend
beweglich ist und die Auslassventilbohrung
(54) in eine erste Kammer (146) und eine
zweite Kammer (147) unterteilt, wobei der
Stufenkolben (134) eine Steuerfläche
(136), die ein Ende der ersten Kammer
(146) definiert, und eine untere Fläche
(137) gegenüber der Steuerfläche (136)
aufweist, wobei der Stufenkolben (134) ei-
ne Kolbenverlängerung (138) aufweist, die
sich in den rohrförmigen Abschnitt (139)
erstreckt, wobei die Kolbenverlängerung
(138) eine Dichtungsfläche (140) aufweist,
die so konfiguriert ist, dass sie selektiv ge-
gen einen Ventilsitz (141) abdichtet, um
eine Flüssigkeitsverbindung zwischen

dem Einlasskanal (131) und dem Auslass-
kanal (132) zu blockieren; und
einem Auslasssteuerventil (396), das so
konfiguriert ist, dass es selektiv den Luft-
strom zwischen der ersten Kammer (146)
und der zweiten Kammer (147) des ge-
steuerten Auslassventils (52) steuert,
wobei der Einlasskanal (131) des gesteuer-
ten Auslassventils (52) in direkter Flüssig-
keitsverbindung mit dem ersten Druckluft-
durchgang (370) steht.

2. Die integrierte Luftversorgungseinheit (20) nach An-
spruch1,wobei dasTrockenmittelgehäuse (28) eine
Durchgangsbohrung (150) definiert, die sich zwi-
schen dem Kompressorgehäuse (24) und dem
PCU-Körper (26) erstreckt und durch radiale Dich-
tungen an jedem Ende davon abgedichtet ist.

3. Die integrierte Luftversorgungseinheit (20) nach An-
spruch 1 oder 2, wobei das Trockenmittelgehäuse
(28) ferner ein Führungsloch (170) definiert, das so
konfiguriert ist, dass es einen großen Bolzen (34)
führt, der das Kompressorgehäuse (24) und den
PCU-Körper (26) verbindet.

4. Die integrierte Luftversorgungseinheit (20) nach ei-
nem der Ansprüche 1 bis 3, wobei das Kompressor-
gehäuse (24) einen Flüssigkeitskanal zwischen der
Kolbenbohrung und der Trockenmittelkammer (110)
definiert; und
wobei die integrierteLuftversorgungseinheit (20) fer-
ner ein Rückschlagventil (100) umfasst, das ein
elastomeres Element (101) enthält, das gegen das
Kompressorgehäuse (24) vorgespannt ist, um den
Flüssigkeitskanal zwischen der Kolbenbohrung und
der Trockenmittelkammer (110) selektiv zu blockie-
ren und einen Luftstrom von der Kolbenbohrung in
die Trockenmittelkammer (110) zuzulassen, wäh-
rend der Luftstrom in einer entgegengesetztenRich-
tung blockiert wird.

5. Die integrierte Luftversorgungseinheit (20) nach An-
spruch 1, die ferner aus Folgendem besteht:
einem weiteren Abgassteuerventil (394), das so
konfiguriert ist, dass es den Strom von Druckluft
aus dem zweiten Druckluftdurchgang (374) zur ers-
ten Kammer (146) des gesteuerten Abgasventils
(52) selektiv steuert.

6. Die integrierte Luftversorgungseinheit (20) nach An-
spruch 5, wobei der Kompressor (360) ferner aus
Folgendem besteht:

einem Elektromotor (362),
wobei der in der Kolbenbohrung angeordnete
Kolben von dem Elektromotor (362) angetrie-
benwird undsokonfiguriert ist, dasserDruckluft
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in den ersten Druckluftdurchgang (370) ein-
speist.

7. Die integrierte Luftversorgungseinheit (20) nach An-
spruch 5 oder 6, die ferner aus Folgendem besteht:

einemReservoiranschluss (312), der eine Flüs-
sigkeitsverbindung zu einem externen Reser-
voir (310) herstellt; und
mindestens einem Reservoirventil (350, 352),
das so konfiguriert ist, dass es selektiv eine
Flüssigkeitsverbindung zwischen dem Reser-
voiranschluss (312) und dem Verteiler (338)
herstellt, wobei das mindestens eine Reservoir-
ventil (350, 352) zwei Reservoirventile (350,
352) in einer parallelen Konfiguration und mit
unterschiedlichen Durchflusseigenschaften
umfasst.

8. Die integrierte Luftversorgungseinheit (20) nach An-
spruch 1, wobei die erste Kammer (146) des ge-
steuerten Auslassventils (52) in direkter Flüssig-
keitsverbindung mit dem zweiten Druckluftdurch-
gang (374) steht; und
wobei die zweite Kammer (147) des gesteuerten
Auslassventils (52) direkt in Flüssigkeitsverbindung
mit einem zur Atmosphäre offenen Auslasskanal
steht.

9. Die integrierte Luftversorgungseinheit (20) nach An-
spruch 8 oder 5, wobei der Trockenmittelhohlraum
ein Trockenmittelmaterial enthält; und wobei das
Trockenmittelmaterial in einem Luftströmungsweg
zwischen dem ersten Druckluftdurchgang (370)
und dem zweiten Druckluftdurchgang (374) ange-
ordnet ist, um Feuchtigkeit aus der dazwischen
durchströmenden Luft zu entfernen.

10. Die integrierte Luftversorgungseinheit (20) nach An-
spruch 8, die ferner aus Folgendem besteht:

einem ersten Rückschlagventil (430), das in
dem zweiten Druckluftdurchgang (374) ange-
ordnet und so konfiguriert ist, dass es einen
LuftstromvondemVerteiler (338) zudemTrock-
ner (372) zulässt, während es den Luftstrom in
einer entgegengesetzten Richtung blockiert;
und
einem Umgehungsdurchgang (432), der eine
Flüssigkeitsverbindung zwischen dem Verteiler
(338) und dem zweiten Druckluftdurchgang
(374) herstellt, mit einem zweiten Rückschlag-
ventil (434), das in dem Umgehungsdurchgang
(432) angeordnet und so konfiguriert ist, dasses
einen Luftstrom von dem zweiten Druckluft-
durchgang (374) zu demVerteiler (338) zulässt,
während es den Luftstrom in einer entgegenge-
setzten Richtung blockiert.

11. Die integrierte Luftversorgungseinheit (20) nach An-
spruch 8, die ferner aus Folgendem besteht:

einemReservoiranschluss (312), der eine Flüs-
sigkeitsverbindung zu einem externen Reser-
voir herstellt; und
mindestens einem Reservoirventil (350, 352),
das so konfiguriert ist, dass es selektiv eine
Flüssigkeitsverbindung zwischen dem Reser-
voiranschluss (312) und dem Verteiler (338)
herstellt.

12. Die integrierte Luftversorgungseinheit (20) nach An-
spruch 11 oder 7, die ferner aus Folgendem besteht:
einem Verstärkungsventil (380), das so konfiguriert
ist, dass es selektiv eine Flüssigkeitsverbindung
zwischen demReservoiranschluss (312) und einem
Einlass des Kompressors (360) herstellt.

13. Die integrierte Luftversorgungseinheit (20) nach An-
spruch 1, wobei die Kolbenbohrung eine Stufenboh-
rung (42) ist, die eine Niederdruckbohrung (42l) mit
einer erstenQuerschnittsfläche und eine zur Nieder-
druckbohrung (42l) koaxiale Hochdruckbohrung
(42h) mit einer zweiten Querschnittsfläche kleiner
als die erste Querschnittsfläche aufweist;

wobei die integrierte Luftversorgungseinheit
(20) ferner ein Gleitelement (70) umfasst, das
einen Niederdruckkolben (74), der gleitend in
der Niederdruckbohrung (42l) angeordnet ist,
und einen Hochdruckkolben (76), der gleitend
in der Hochdruckbohrung (42h) angeordnet ist,
enthält, wobei der Kolben den Niederdruckkol-
ben (74) und denHochdruckkolben (76) enthält,
wobei das Gleitelement (70) einen Hohlraum
zwischen dem Niederdruckkolben (74) und
dem Hochdruckkolben (76) definiert; und
ein Gelenkelement (80), das in dem Hohlraum
(72) des Gleitelements (70) angeordnet und
durch einen Gelenkstift (90) schwenkbar mit
diesem verbunden ist.

14. Die integrierte Luftversorgungseinheit (20) nach An-
spruch 13 besteht ferner aus Folgendem:

einer Motorbaugruppe (30) mit einem Motorge-
häuse und einer Motorwelle (60), die um eine
Achse drehbar ist und mit einer exzentrischen
Welle (64) gekoppelt ist, die von der Achse ver-
setzt ist; und
einLager (64), das in demhohlenHohlraum (72)
des Gleitelements (70) angeordnet ist und zwi-
schen dem Gelenkelement (80) und um die
exzentrische Welle (64) herum angeordnet ist
und bewirkt, dass das Gelenkelement (80) als
Reaktion auf die sich um die Achse drehende
Motorwelle (60)eineoszillierende lineareBewe-
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gung durch die Stufenbohrung (42) überträgt;
und/oder wobei das Kompressorgehäuse (24)
eine Motorbohrung (56) definiert, die sich quer
zu der Stufenbohrung (42) erstreckt und so
konfiguriert ist, dass sie die Motorwelle (60) auf-
nimmt, undwobeidasKompressorgehäuse (24)
einen Vorsprung (96) definiert, der sich nach
außenummindestenseinenTeil einesUmfangs
der Motorbohrung (56) erstreckt, um mit dem
Motorgehäuse in Eingriff zu kommen.

15. Die integrierte Luftversorgungseinheit (20) nach An-
spruch 13 oder 14, die ferner aus Folgendem be-
steht:

einem Durchgang (98), der sich durch den Nie-
derdruckkolben (74) erstreckt; und
einem Flatterventil (78), das den Durchgang
(98) abdeckt und einen Luftstrom in einer Rich-
tung durchlässt, während es den Luftstrom in
einer entgegengesetzten Richtung blockiert,
wobei das Flatterventil (78) insbesondere an
einer Fläche des Niederdruckkolbens (74)
durch ein Befestigungselement, einen Klebstoff
oder durch Schweißen befestigt ist.

Revendications

1. Uneunité d’alimentationenair intégrée (20) compre-
nant:

un boîtier de compresseur (24), y compris un
piston disposé de manière coulissante à l’inté-
rieur d’un alésage de piston;
un corps d’unité de contrôle de la pression
(UCP) (26) définissant une pluralité de passa-
ges de fluide et une pluralité d’électrovannes
configurées pour contrôler sélectivement le flux
d’air à travers des passages correspondants de
la pluralité de passages de fluide; et
un boîtier de dessiccation (28) s’étendant entre
le boîtier de compresseur (24) et le corps d’UCP
(26) et définissant une cavité de dessiccation
(110) configurée pour contenir un conteneur de
dessiccation (68) pour éliminer l’humidité de l’air
qui passe à travers, dans lequel l’unité d’alimen-
tation en air intégrée (20) comprend en outre:

uncollecteur (338) comprenantaumoinsun
passage de fluide;
une soupape de commande de décharge
(330, 332, 334, 336) configurée pour
contrôler sélectivement le flux d’air du col-
lecteur (338) vers un port d’alimentation
(322, 324, 326, 328) pour fournir de l’air
sous pression à un dispositif externe;
un compresseur (360) configuré pour four-

nir de l’air sous pression dans un premier
passage d’air sous pression (370), dans
lequel le compresseur (360) comprend le
boîtier de compresseur (24);
un sécheur (372) configuré pour éliminer
l’humidité de l’air sous pression dans le
premier passage d’air sous pression (370)
et pour fournir de l’air sous pression séché
dans un second passage d’air sous pres-
sion (374), dans lequel le sécheur (372)
comprend le boîtier de dessiccation (28);
une soupape de commande d’alimentation
(376) configurée pour contrôler sélective-
ment le flux d’air entre le second passage
d’air sous pression (374) et le collecteur
(338);
une soupape d’évacuation pilotée (52)
comprenant un passage d’entrée (131) et
un passage de décharge (132) et configu-
rée pour contrôler le flux d’air entre eux, la
soupape d’évacuation pilotée (52) compre-
nant un alésage de soupape d’échappe-
ment (54) ayant une extrémité semi-fermée
(53), une partie tubulaire (139) s’étendant
de l’extrémité semi-fermée (53) et dans l’a-
lésage de soupape d’évacuation (54), et un
piston étagé (134) coulissant à l’intérieur de
l’alésage de soupape d’évacuation (54) et
divisant l’alésage de soupape d’évacuation
(54) entre une première chambre (146) et
une seconde chambre (147), le piston
étagé (134) comprenant une surface de
contrôle (136) définissant une extrémité
de la première chambre (146), et une sur-
face inférieure (137) opposée à la surface
de contrôle (136), le piston étagé (134)
comprenant une extension de piston
(138) s’étendant dans la partie tubulaire
(139), l’extension de piston (138) compre-
nant une face d’étanchéité (140) configurée
pour sceller sélectivement contre un siège
desoupape (141)afindebloquer la commu-
nication fluidique entre le passage d’entrée
(131) et le passage de décharge (132); et
une soupape de contrôle d’évacuation
(396) configurée pour contrôler sélective-
ment le flux d’air entre la première chambre
(146) et la seconde chambre (147) de la
soupape d’évacuation pilotée (52),
dans laquelle le passage d’entrée (131) de
la soupape d’évacuation pilotée (52) est en
communication fluidique directe avec le
premier passage d’air sous pression (370).

2. L’unité d’alimentation en air intégrée (20) selon la
revendication 1, dans laquelle le boîtier de dessicca-
tion (28) définit un passage (150) s’étendant entre le
boîtier de compresseur (24) et le corps d’UCP (26)
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scellé par des joints radiaux à chacune de ses ex-
trémités.

3. L’unité d’alimentation en air intégrée (20) selon la
revendication 1 ou 2, dans laquelle le boîtier de
dessiccation (28) définit en outre un trou de guidage
(170) configuré pour guider un gros boulon (34)
reliant le boîtier de compresseur (24) et le corps
d’UCP (26).

4. L’unité d’alimentation en air intégrée (20) selon l’une
des revendications 1 à 3, dans laquelle le boîtier de
compresseur (24) définit un passage de fluide entre
l’alésage de piston et la cavité de dessiccation (110);
et dans laquelle l’unité d’alimentation en air intégrée
(20) comprend en outre un clapet anti-retour (100)
comprenant un élément élastomère (101) appuyé
contre le boîtier de compresseur (24) pour bloquer
sélectivement lepassagedufluideentre l’alésagede
piston et la cavité de dessiccation (110) et permettre
l’écoulement de l’air de l’alésage de piston dans la
cavité de dessiccation (110) tout en bloquant l’écou-
lement de l’air dans une direction opposée.

5. L’unité d’alimentation en air intégrée (20) selon la
revendication 1, comprenant en outre:
une autre soupape de commande d’évacuation
(394) configurée pour contrôler sélectivement l’é-
coulement de l’air sous pression depuis le second
passage d’air sous pression (374) vers la première
chambre (146) de la soupape d’évacuation pilotée
(52).

6. L’unité d’alimentation en air intégrée (20) selon la
revendication 5, dans laquelle le compresseur (360)
comprend en outre:

un moteur électrique (362),
dans lequel le piston disposé dans l’alésage de
piston est entraîné par le moteur électrique
(362) et configuré pour fournir de l’air sous pres-
sion dans le premier passage d’air sous pres-
sion (370).

7. L’unité d’alimentation en air intégrée (20) selon la
revendication 5 ou 6, comprenant en outre:

un orifice de réservoir (312) assurant une
connexion fluidique avec un réservoir externe
(310); et
au moins une soupape de réservoir (350, 352)
configurée pour assurer sélectivement la
communication fluidique entre l’orifice de réser-
voir (312) et le collecteur (338), en particulier
dans le cas où l’au moins une soupape de
réservoir (350, 352) comprend deux soupapes
de réservoir (350, 352) dans une configuration
parallèle et ayant des caractéristiques d’écou-

lement différentes.

8. L’unité d’alimentation en air intégrée (20) selon la
revendication 1, dans laquelle la première chambre
(146) de la soupape d’évacuation pilotée (52) est en
communication fluidique directe avec le secondpas-
sage d’air sous pression (374);
et dans laquelle la seconde chambre (147) de la
soupape d’évacuation pilotée (52) est en communi-
cation fluidique directe avec un passage d’évacua-
tion ouvert à l’atmosphère.

9. L’unité d’alimentation en air intégrée (20) selon la
revendication 8 ou 5, dans laquelle la cavité de
dessiccation contient un matériau dessiccant; et
dans laquelle le matériau dessiccant est disposé
dans une voie de circulation d’air entre le premier
passage d’air sous pression (370) et le second pas-
sage d’air sous pression (374) pour éliminer l’humi-
dité de l’air qui passe entre les deux.

10. L’unité d’alimentation en air intégrée (20) selon la
revendication 8, comprenant en outre:

un premier clapet anti-retour (430) disposédans
le second passage d’air sous pression (374) et
configuré pour permettre la circulation de l’air du
collecteur (338) vers le sécheur (372) tout en
bloquant la circulation de l’air dans une direction
opposée; et
un passage de dérivation (432) assurant la
communication fluidique entre le collecteur
(338) et le second passage d’air sous pression
(374), avec un second clapet anti-retour (434)
disposé dans le passage de dérivation (432) et
configuré pour permettre le flux d’air du second
passage d’air sous pression (374) vers le col-
lecteur (338) tout en bloquant le flux d’air dans
une direction opposée.

11. L’unité d’alimentation en air intégrée (20) selon la
revendication 8, comprenant en outre:

un orifice de réservoir (312) assurant une
connexion fluidique avec un réservoir externe;
et
au moins une soupape de réservoir (350, 352)
configurée pour assurer sélectivement la
communication fluidique entre l’orifice de réser-
voir (312) et le collecteur (338).

12. L’unité d’alimentation en air intégrée (20) selon la
revendication 11 ou 7, comprenant en outre:
une soupape d’appoint (380) configurée pour assu-
rer sélectivement la communication fluidique entre
l’orifice de réservoir (312) et une entrée du compres-
seur (360).
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13. L’unité d’alimentation en air intégrée (20) selon la
revendication1, dans laquelle l’alésagedepistonest
unalésageétagé (42) comprenant unalésagebasse
pression (42l) ayant unepremière surfacede section
transversale et un alésage haute pression (42h)
coaxial avec l’alésage basse pression (42l) et ayant
une seconde surface de section transversale plus
petite que la première surface de section transver-
sale;

dans lequel l’unité d’alimentation en air intégrée
(20) comprend en outre un élément coulissant
(70) comprenant un piston basse pression (74)
disposé de manière coulissante dans l’alésage
basse pression (42l) et un piston haute pression
(76) disposé de manière coulissante dans l’alé-
sage haute pression (42h), dans lequel ledit
piston comprend le piston basse pression (74)
et le piston haute pression (76), l’élément cou-
lissant (70) définissant une cavité creuse entre
le piston basse pression (74) et le piston haute
pression (76); et
un élément articulé (80) disposé dans la cavité
creuse (72) de l’élément coulissant (70) et cou-
plé demanière pivotante à celui-ci par un axe de
piston (90).

14. L’unité d’alimentation en air intégrée (20) selon la
revendication 13, comprenant en outre:

un ensemblemoteur (30) comprenant un boîtier
moteur et un arbre moteur (60) rotatif autour
d’un axe et couplé à un arbre excentrique (64)
décalé par rapport à l’axe; et
un palier (64) situé dans la cavité creuse (72) de
l’élément coulissant (70) et disposé entre l’élé-
ment articulé (80) et autour de l’arbre excen-
trique (64) et entraînant l’élément articulé (80) à
transmettre un mouvement linéaire oscillant à
travers l’alésage étagé (42) en réponse à la
rotation de l’arbre moteur (60) autour de l’axe;
et/ou dans lequel le boîtier de compresseur (24)
définit un alésage moteur (56) s’étendant trans-
versalement à l’alésage étagé (42) et configuré
pour recevoir l’arbre moteur (60), et dans lequel
le boîtier de compresseur (24) définit un bos-
sage (96) s’étendant vers l’extérieur autour d’au
moins une partie d’une périphérie de l’alésage
moteur (56) pour engager le carter du moteur.

15. L’unité d’alimentation en air intégrée (20) selon la
revendication 13 ou 14, comprenant en outre:

un passage (98) s’étendant à travers le piston
basse pression (74); et
un clapet à lames (78) couvrant le passage (98)
et permettant la circulation de l’air dans une
direction tout en bloquant la circulation de l’air

dans une direction opposée, en particulier dans
lecasoù leclapet à lames (78)est fixéàune face
du piston basse pression (74) par l’une des
méthodes suivantes: fixation, adhésif ou sou-
dage.5
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