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SUPERCHARGER ASSEMBLY WITH INDEPENDENT SUPERCHARGERS
AND MOTOR/GENERATOR

RELATED APPLICATIONS
[0001]

This application is being filed on 28 September 2012, as a PCT

International Patent application and claims priority to U.S. Patent Application Serial
No. 61/541,609 filed on 30 September 201 1 and U.S. Patent Application Serial No.
61/683,942 filed on 16 August 2012, the entireties of which are hereby incorporated
by reference.

TECHNICAL FIELD
[0002]

The present teachings generally include an engine assembly with two

superchargers arranged in parallel and separately drivable to provide different
operating modes.

BACKGROUND
[0003]

Energy efficient engines of reduced size are desirable for fuel economy

and cost reduction. Smaller engines provide less torque than larger engines. A
supercharger is sometimes used to increase the torque available from an engine. At
low engine speeds, when higher torque is often requested by a vehicle operator by
depressing the accelerator pedal, the supercharger provides additional air to the
engine intake manifold, boosting air pressure and thereby allowing the engine to
generate greater torque at lower engine speeds.

SUMMARY
[0004]

An assembly for controlling air flow to an engine includes a first

supercharger and a second supercharger. The superchargers are arranged in parallel
with one another and in series with the throttle in the air flow to engine cylinders,
and are configured to be operatively connectable with the engine upstream in the air

flow to the cylinders. The assembly includes a load device, such as an electric
motor/generator, that is selectively alternately operable to provide energy to or
receive energy from the first supercharger. The superchargers are configured to be
separately selectively operatively connectable with the throttle and the crankshaft to
enable different modes of operation. The superchargers are thus decoupled and

operable independently of one another to enable flexibility and efficiency in various
different modes of operation.
[0005]

For example, an engine boost mode is available using both

superchargers, while a throttle loss regeneration mode is available using only the
first supercharger, which may be smaller than the second supercharger. The energy
associated with the pressure drop across the throttle is typically unused, and so is
referred to as "throttling losses". In the assembly, the pressure drop can be placed
across the first supercharger, causing torque on the rotors of the first supercharger
that can be utilized (i.e., the throttling losses are "captured", "regenerated", or
"recovered) such as by conversion to stored energy. Additional operating modes
such as vehicle braking regeneration, engine charging of the battery, and starting of

the engine via the motor/generator are also available.
[0006]

In one aspect of the present teachings a first clutch is selectively

engageable to operatively connect the motor/generator with the first supercharger, a
second clutch is selectively engageable to operatively connect the crankshaft with
the second supercharger. A first valve is positioned in an air inlet passage and is
configured to be movable between a first position and a second position. The first
valve permits air to flow from the air inlet passage to the first supercharger and
prevents air from flowing from the air inlet passage to the second supercharger when
the first valve is in the first position. The first valve permits air to flow from the air
inlet passage to both the first supercharger and the second supercharger when the
first valve is in the second position.
[0007]

The above features and advantages and other features and advantages of

the present teachings are readily apparent from the following detailed description of
the best modes for carrying out the present teachings when taken in connection with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

FIGURE 1 is a schematic illustration in partial fragmentary view of an

assembly on a vehicle having a first and a second supercharger arranged in parallel
with one another and operatively connectable to an engine, with a motor/generator
operatively connectable to the first supercharger.
[0009]

FIGURE 2 is a schematic illustration in partial cross-sectional view of

the assembly taken at the lines 2-2 in Figure 1.

DETAILED DESCRIPTION
[0010]

Referring to the drawings, wherein like reference numbers refer to like

components, a powertrain 10 for a vehicle 11 includes an assembly 1 that provides

motive power to vehicle wheels 14 through a transmission 16 and differential 17.
The assembly 12 includes an engine 18 that can be an internal combustion engine.
The engine 18 has cylinders 19 shown schematically in Figure 2 in which pistons
(not shown) reciprocate when the engine 18 is running (i.e., when the engine 18 is

"on"). The assembly 12 has a first supercharger 20 and a second supercharger 22
arranged in parallel with one another in air flow to the engine 18, and upstream in

the air flow to the engine 18. As used herein, the first supercharger 20 is "in

parallel" with the second supercharger 22 because air can flow to the plenum 32 by
passing through the first supercharger 20 or through the second supercharger 22
without necessarily passing through the other supercharger as would be necessary if

the superchargers 20, 22 were arranged in series with one another.
[0011]

As used herein, a first component is "downstream" in air flow from a

second component if the direction of air flow requires that the air flow past the

second component prior to the first component when air is directed past both
components. Similarly, a first component is "upstream" in air flow from a second

component if the direction of air flow requires that the air flow past the first
component prior to the second component when air is directed past both
components. The throttle 70 is shown downstream of the superchargers 20, 22. It
should be understood that the functionality of the superchargers 20, 22 described

herein can also be achieved if the superchargers 20, 22 were positioned downstream

of the throttle 70. In either configuration, the throttle 14 and the superchargers 20,
22 are considered to be in series with one another in the air flow to the engine

cylinders 19. Two components are "in series" with one another in the air flow to the
engine cylinders 19 when air that flows past one of the components subsequently
flows past the other component before flowing to the cylinders. As used herein, the

first supercharger 20 is in series with the throttle 70 and the second supercharger 22
is also in series with the throttle 70.
[0012]

Air may selectively flow to each of the superchargers 20, 22 through an

air inlet 24 formed by a passage 23. The superchargers 20, 22 may be fixed
displacement superchargers, such as Roots-type superchargers, with each respective

set of rotors outputting a fixed volume of air per rotation of the rotors. The
increased air output then becomes pressurized when forced into the engine plenum
32, shown in Figure 2. A Roots-type supercharger is a volumetric device, and

therefore is not dependent on rotational speed in order to develop pressure. The
volume of air delivered by the Roots-type supercharger per each rotation of the
supercharger rotors is constant (i.e., does not vary with speed). A Roots-type
supercharger can thus develop pressure at low engine speeds because the Roots-type
supercharger functions as a pump rather than as a compressor. Compression of the
air delivered by the Roots-type supercharger takes place downstream of the
superchargers 20, 22 in the engine plenum 32. By contrast, a centrifugal-type
supercharger is dependent on rotational speed in order to develop pressure. A
centrifugal-type supercharger compresses the air as it passes through the
supercharger but must run at higher speeds than a Roots-type supercharger in order
to develop a predetermined pressure.
[0013]

A multi-position valve 26 is positioned in the passage 23 and can be

controllable to a plurality of positions, including at least a first position shown.
When the valve 26 is in the first position, air can flow to the air inlet 24 to an air
inlet 25 of the first supercharger 20 but not to an air inlet 27 of the second
supercharger 22. The valve 26 can be moved to a second position 26A that allows
air flow to the inlets 25, 27 of both of the superchargers 20, 22. As best illustrated
in Figure 2, each of the superchargers 20, 22 has a separate air outlet 28, 30 in fluid

communication with the engine plenum 32 that is upstream of cylinders 19 in the
engine 18.
[0014]

Separate one-way flow valves 34, 36, such as ball check valves, can be

positioned downstream of each of the air outlets 28, 30 to prevent a back flow of air
from the respective outlet 28, 30 of one of the superchargers 20, 22 to the other of
the superchargers 20, 22. The each valve 34, 36 includes a check ball 41A, 41B that
is confined between a stop 43A, 43B and a portion of the valve body 43E, 43F that

has a respective opening 43C, 43D. When the check ball 4 1A or 41B rests against
the stop 43A or 43B in the first position, air can flow past the valve 34 or 36 from
the supercharger 20 or 22 to the plenum 32. When air flows through one of the
superchargers 20 or 22 in the various operating modes described herein, the valve 34
or 36 downstream of the other supercharger will prevent backflow from the
supercharger 20 or 22 through which air is flowing from traveling from the outlet to

the inlet of the other supercharger because such back flow will push the respective

check ball 4 1A or 41B against the body 43E or 43F, blocking the opening 43C or
43D.
[0015]

Figure 1 shows a bypass valve 29 that can be controllable to directly

connect the air flow from the air inlet 24 upstream of the valve 26 to the plenum 32,
thus bypassing both superchargers 20, 22. The bypass valve 29 is mounted in a
bypass passage 47 that can connect the air inlet 24 to the throttle body 31, bypassing

the superchargers 20, 22. The bypass valve 29 allows both superchargers 20, 22 to
be bypassed when operating conditions do not require the use of either supercharger
20, 22 (e.g., neither boost nor regeneration is required), and enables quick

adjustments in air flow to the engine 18 when needed. When the bypass valve 29 is
in a fully closed position, no air can bypass the superchargers 20, 22. When the

bypass valve 29 is in the fully open position, the superchargers 20, 22 can be
completely bypassed.
[0016]

The throttle 70 and the bypass valve 29 are shown as butterfly valves that

are each pivotable about a respective pivot axis between a closed position and an

open position. In the closed position, the throttle 70 or bypass valve 29 is generally

perpendicular to the walls of the respective surrounding throttle body 31 or bypass
passage 47. In the fully open position, the throttle 70 or bypass valve 29 is generally
parallel to the walls of the respective surrounding throttle body 31 or bypass passage
47. This position of the throttle 70 is referred to as wide open throttle. The throttle
70 and bypass valve 29 can also be moved to a variety of intermediate positions

between the closed position and the open position. In Figure

1,

the throttle 70 and

bypass valve 29 are each shown in an intermediate position. A controller 44
controls the operation of the throttle 70 and bypass valve 29. The controller 44 can
be an engine controller.
[0017]

Figure 2 shows a first set of rotors 33, 35 of the first supercharger 20, and

a second set of rotors 37, 39 of the second supercharger 22. The superchargers 20,
22 can be of different sizes. For example, the first supercharger 20 can be smaller

than the second supercharger 22 as it can be designed to deliver less air per rotation
of the rotors 33, 35 than the rotors 37, 39. For example, the effective diameter Dl of
the rotors 33, 35 can be smaller than the effective diameter D2 of the rotors 37, 39.
Assuming that the superchargers 20, 22 are otherwise configured in the same

manner, the supercharger 22 would thus output a greater volume of air per rotation
than the supercharger 20.
[0018]

A load device, which is an electric motor/generator 38, can be selectively

connectable to the first supercharger 20 by engagement of a selectively engageable
first clutch 40. The motor/generator 38 has a stator 38A and a rotor 38B. The stator
38A is mounted to a stationary member 51, such as a motor casing. A battery 42 can

be used to provide electric power to the stator 38A when the motor/generator 38 is

controlled to function as a motor, and to receive electrical power from the
motor/generator 38 when the motor/generator 38 is controlled to function as a
generator. One or more vehicle electrical devices 69 can also draw electric power
from the battery 42 or can be powered by a separate battery. A controller 44 can

control the functioning of the motor/generator 38 as a motor or as a generator. A

power inverter 46 can be used to convert the energy supplied by the motor/generator
38 from alternating current to direct current to be stored in the battery 42 when the

motor/generator 38 operates as a generator, and from direct current to alternating
current when the motor/generator 38 operates as a motor. A single controller could
instead be used in the assembly 10. For example, the controller 44 could also

control the valve 26 and the throttle 70.
[0019]

Other load devices can be used to provide power to or receive power

from the first supercharger 20. For example, an accumulator or a slippable friction

clutch can be operatively connected to the supercharger 20 and controlled to capture

throttle loss energy via the supercharger 20. In the case of an accumulator, the
energy can be stored as hydraulic or pneumatic pressure. In the case of a slippable
friction clutch, the energy can be converted to heat by slipping the clutch, and can
then be captured for use in vehicle heating and cooling systems.
[0020]

The engine 18 has a crankshaft 48 that can be connectable with the

transmission 16. The crankshaft 48 can also be selectively connectable with the first
and second superchargers 20, 22 through a belt-drive arrangement 49, a second

selectively engageable clutch 50, a third selectively engageable clutch 52, and a
fourth selectively engageable clutch 55. The clutch 55 can be a normally closed
clutch that is selectively powered to an open position (i.e., selectively disengaged).

That is, clutch 55 can be biased to a closed position by a spring or other mechanism.
The clutch 55 can be selectively disengaged when the engine 18 is off and the

vehicle is in a key-on state, such as when the vehicle is stopped at a traffic light,
with the engine 18 automatically and temporarily shut-off for fuel savings.
[0021]

The clutches 40, 50, 52, 55 can be any type of clutches, including

hydraulic friction clutches, dog clutches, etc. The clutches 40, 50, 52, 55 can be
controlled by the controller 44 used to control the valve 26 and the throttle 70. The
connections from the controller 44 to the clutches 40, 50, 52, 55 are not shown for
simplicity in the drawings. Alternatively, the clutches 40, 50, 52, 55 can be
controlled by the controller 44 used to control the motor/generator 52, or by a
separate controller.
[0022]

The belt drive arrangement 49 can include a belt 54 is engaged with a

pulley 56. The pulley 56 can rotate with a shaft 57 that rotates at the same speed as
the crankshaft 48 when clutch 55 is not disengaged. The belt 54 is also engaged
with pulleys 58 and 60. Pulley 58 can rotate with shaft 62 at the same speed as the
rotors 37, 39 of the second supercharger 22 when the second clutch 50 is engaged.
Pulley 60 can rotate with shaft 64 at the same speed as the rotor 38B of the
motor/generator 38 when the third clutch 52 is engaged. Belt 54 can also be
engaged with pulley 66 that rotates with shaft 68. Shaft 68 can be operatively
connected to one or more vehicle accessories 69. The belt drive arrangement 49
with the accessory 69 can be connectable with the crankshaft 48 on the front side of

the engine 18, opposite the side of the engine 18 on which the transmission 16
connects to the crankshaft 48. Accordingly, the belt drive arrangement 49 can be
referred to as a front engine accessory drive.
[0023]

By controlling the valve 26, the bypass valve 29, the throttle 70, the

clutches 40, 50, 52, 55, and the motor/generator 38, several operating modes can be
achieved that enable efficient operation of the powertrain 10. For example, under a
first set of engine operating conditions, when engine operating demands require
relatively high engine torque in order to provide a desired intake air pressure to the
engine cylinders 19, such as at low engine speeds when vehicle acceleration is
desired, a boost operating mode can be established by placing the valve 26 in the
second position 26A, engaging clutch 40 to connect the motor/generator 38 with the
first supercharger 20, and engaging clutch 50 to connect the second supercharger 22
with the crankshaft 48 through the belt drive arrangement 49. Clutch 55 remains
closed. The controller 44 can control the motor/generator 38 to function as a motor
to provide mechanical power to the supercharger 20. The crankshaft 48 powers the

supercharger 22 through the belt drive arrangement 49. Air flows to the inlets 25, 27
of both superchargers 20, 22 and on to the throttle body 31, and both superchargers
20, 22 thereby contribute to the desired boost to the engine 18.
[0024]

Under a second set of engine operating conditions that indicate a state-of-

charge of the battery 42 is below a predetermined maximum state-of-charge and
engine boost is not necessary, such as during vehicle cruising, a throttle regeneration

mode can be established. In the throttle regeneration mode, at least a portion of a
pressure differential that occurs across a throttle 70 of the engine 18 can be shifted at
least in part to the first supercharger 20. This can be accomplished by placing the

valve 26 in the first position so that air flow to the engine 18 is only through the first
supercharger 20, and by opening the throttle 70 to the fully open position. The
pressure differential thus established between the inlet 25 and the outlet 28 of the
supercharger 20 will create torque on the rotors 33, 35, and thus also on the rotor
38A of the motor/generator 38 when the clutch 40 is engaged and the

motor/generator 38 is controlled to function as a generator. Clutches 50 and 52
remain open and clutch 55 remains closed. The pressure differential across the
throttle 70 is due to the pressure difference between the incoming air that must travel
past the nearly-closed throttle 70, and the vacuum on the opposite side to the throttle
70 created by reciprocating engine pistons in the cylinders 19. The pressure drop at

the throttle 70 is referred to as "throttling losses" because of the inefficiency created
by the turbulence in air flow around the throttle 70 at low throttle conditions. In the
throttling loss regeneration mode, at least a portion of the throttling losses can be
captured as stored electrical energy in the battery 42.
[0025]

The various engine operating conditions under which the various

operating modes discussed herein are established can be determined by sensors
connected with the controller 44 or controller 44A and in operative connection with
various components such as the battery 42 to determine a battery state-of-charge,
with the crankshaft 48 to determine crankshaft torque, etc.
[0026]

A smooth transition between the boost mode and the throttling loss

regeneration mode is possible because the only required change in clutch states to
shift from the boost mode to the throttling loss regeneration mode is the

disengagement of clutch 50. Shifting between the boost mode and the regeneration
mode can be accomplished smoothly with minimal torque fluctuations by using the
controller 44A to slip the clutch 50 when engaging or disengaging the clutch 50.

[0027]

The smaller supercharger 20 can be sized to provide an appropriate air

mass flow to the engine 18 during the throttling loss regeneration mode, while the
use of both the larger supercharger 22 and the smaller supercharger 20 during the

boost mode can provide a relatively greater air mass flow required for boost,
especially with a relatively small engine. By configuring the assembly 12 so that the
superchargers 20, 22 are able to separately function to provide the required operating
modes, different engine air needs of the different modes are met. Typically, greater

air flow is required to the engine during the boost mode than during the regeneration
mode. Because the assembly 12 allows both superchargers 20, 22 to be used during

the boost mode, while enabling use of only the smaller supercharger 22 during the
throttling loss regeneration mode, the engine operating needs are efficiently met.
Decoupling of the supercharger 20 from the engine 18 by the selectively engageable
clutches 40 and 52 can potentially improve vehicle drivability and simplify
controllability of the engine assembly 12. Because the motor/generator 38 powers
the supercharger 20, no torque drag on the crankshaft 48 will occur when the clutch
40 is engaged and clutch 52 is disengaged. Furthermore, the motor/generator 38 can

be controlled to bring both sides of the clutch 52 to the same speed before engaging
clutch 52, thus minimizing any torque fluctuations at the crankshaft 48 related to

engagement of the clutch 52. Similarly, clutch 50 can be slipped to ease
engagement and minimize associated torque fluctuation at the crankshaft 48 when
the supercharger 22 is connected with the belt drive 49 by engagement of the clutch
50. Using the motor/generator 38 to ease transitions between modes requiring

engagement or disengagement of clutch 52, and using controlled slip to engage
clutch 50 can potentially improve drivability and avoid the need for more expensive
clutches.
[0028]

Two additional modes can be used for charging the battery 42. An

engine-based battery charging mode can be established when clutch 52 is engaged
and clutch 40 is not engaged and clutch 50 is not engaged. Clutch 55 is not
disengaged so that it remains closed. The motor/generator 38 can be controlled to
function as a generator. Torque from the crankshaft 48 can thus be transferred to the
motor/generator 38 through the belt drive arrangement 49 and then converted to
electric energy stored in the battery 42. The bypass valve 29 can be opened to allow
air to bypass both superchargers 20, 22 during this mode.

A regenerative braking mode can be established with the same clutch

[0029]

engagements as the engine-based battery charging mode (i.e., clutch 52 engaged,
clutches 40 and 50 not engaged, and clutch 55 not disengaged). During vehicle
braking, control of the motor/generator 38 as a generator places a load on the shaft
64, slowing the crankshaft 48 through the belt drive arrangement 49, and recapturing

braking energy as stored electric energy in the battery 42 during a vehicle braking
regeneration mode.
Additionally, the motor/generator 38 can be controlled to operate as a

[0030]

motor to restart the engine 18, such as from a stop at a traffic light at which the
engine 18 is temporarily shutoff to reduce fuel consumption. In the engine start/stop
mode, clutch 52 is engaged, clutch 55 remains closed (i.e., is not disengaged so that
it remains in its normally-engaged state), and clutches 40 and 50 are not engaged.

Torque can be transferred from the motor/generator 38 through the belt drive
arrangement 49 to the crankshaft 48 to turn the crankshaft 48 and thereby start the
engine 18. This is referred to as an engine start/stop mode.
In another aspect of the present teachings, when the engine 18 is off and

[0031]

the key is in the vehicle ignition, such as in a start-stop mode at a traffic light, the
clutch 55 can be powered open and clutch 52 engaged, with the motor/generator 38
controlled to function as a motor to power the vehicle accessories 69 through the
belt drive arrangement 49.
The reference numbers used in the drawings and the specification and the

[0032]

corresponding components are as follows:
10
11

12
14

16
17
18
19

20
22
23
24
25
26
26A
27
28

powertrain
vehicle
assembly
wheels
transmission
differential
engine
cylinders
first supercharger
second supercharger
passage
air inlet
air inlet of first supercharger
valve
second position
air inlet of second supercharger
air outlet of first supercharger

29
30
31

32
33
34
35
36
37
38

38A
38B
39
40
41A
41B
42
43A
43B
43C
43D
43E
43F
44
44A
46
47
48
49
50
51

52
54
55
56
57
58
60
62
64
66
68
69
70

Dl
D2
[0033]

bypass valve
air outlet of second supercharger
throttle body
plenum
rotor
one-way flow valve
rotor
one-way flow valve
rotor
motor/generator
stator
rotor
rotor
first clutch
check ball
check ball
battery
stop
stop
opening
opening
valve body
valve body
controller
controller
power inverter
bypass passage
crankshaft
belt drive arrangement
second clutch
stationary member
third clutch
belt
fourth clutch
pulley
shaft
pulley
pulley
shaft
shaft
pulley
shaft
vehicle accessory
throttle
effective diameter of rotors of first supercharger
effective diameter of rotors of second supercharger

While the best modes for carrying out the many aspects of the present

teachings have been described in detail, those familiar with the art to which these

teachings relate will recognize various alternative aspects for practicing the present
teachings that are within the scope of the appended claims.

What is claimed is:

1.

An assembly for controlling air flow to an engine having a

crankshaft, cylinders, and a throttle in a throttle body upstream in air flow to the
cylinders, the assembly comprising:
a first supercharger;
a second supercharger; and
a load device selectively connectable to the first supercharger and
alternately operable to provide energy to or receive energy from the first
supercharger;
wherein the first and second superchargers are arranged in parallel
with one another and in series with the throttle in the air flow to the cylinders and
are configured to be operatively connectable with the engine upstream in the air flow
to the cylinders; and
wherein the first and second superchargers are configured to be
separately selectively operatively connectable with the throttle and the crankshaft to
enable different modes of operation.

2.

The assembly of claim 1, wherein the first supercharger is

configured with rotors of a first effective diameter and the second supercharger is
configured with rotors of a second effective diameter larger than the first effective
diameter such that the second supercharger outputs a greater volume of air per
rotation.

3.

The assembly of claim 1, wherein the load device is a

motor/generator selectively alternately operable as a motor and as a generator, and
further comprising:
a first clutch selectively engageable to operatively connect the
motor/generator with the first supercharger;
a second clutch selectively engageable to operatively connect the
crankshaft with the second supercharger;
an air inlet passage; and

a first valve positioned in the air inlet passage and configured to be
movable between a first position and a second position, wherein the first valve

permits air to flow from the air inlet passage to the first supercharger and prevents

air from flowing from the air inlet passage to the second supercharger when the first
valve is in the first position; wherein the first valve permits air to flow from the air
inlet passage to both the first supercharger and the second supercharger when the

first valve is in the second position;
wherein, when the first valve is in the second position, the first clutch
is engaged, the second clutch is engaged, and the motor/generator is operated as a

motor during a first set of engine operating conditions to provide engine boost using
both the first and the second superchargers; and

wherein, when the first valve is in the first position, the first clutch is
engaged, and the motor/generator is operated as a generator during a second set of

engine operating conditions to provide regeneration of throttling losses with air flow

to the cylinders using only the first supercharger.

4.

The assembly of claim 3, further comprising:

a controller operatively connected to the motor/generator and
configured to control the motor/generator to alternately function as a motor and as a
generator; and

a battery operatively connected to the controller and the
motor/generator and configured to store energy converted from torque on the rotors
when the motor/generator is controlled to function as a generator;
wherein the second set of engine operating conditions include a stateof-charge of the battery less than a predetermined maximum state-of-charge.

5.

The assembly of claim 1, wherein the load device is a

motor/generator selectively alternately operable as a motor and as a generator; and
further comprising:
a first clutch selectively engageable to operatively connect the
motor/generator with the first supercharger;
a second clutch selectively engageable to operatively connect the
crankshaft with the second supercharger;
an air inlet passage;
a first valve positioned in the air inlet passage and configured to be
movable between a first position and a second position, wherein the first valve

permits air to flow from the air inlet passage to the first supercharger and prevents
air from flowing from the air inlet passage to the second supercharger when the first
valve is in the first position, and wherein the first valve permits air to flow from the
air inlet passage to both the first supercharger and the second supercharger when the
first valve is in the second position; and
a third clutch selectively engageable to operatively connect the
crankshaft with the motor/generator, the crankshaft thus being operatively connected
with the first supercharger when the first and third clutches are engaged, the first and
second superchargers thus being separately operatively connected with the

crankshaft by the first, the second, and the third clutches.

6.

The assembly of claim 5, further comprising:

a controller operatively connected to the motor/generator and
configured to control the motor/generator to alternately function as a motor and as a
generator; and

a battery operatively connected to the controller and the
motor/generator and configured to store energy converted from torque on the rotors
when the motor/generator is controlled to function as a generator;

wherein a speed of the motor/generator is controlled by the controller
so that the third clutch is engaged without slip.

7.

The assembly of claim 5, further comprising:

a controller operatively connected to the motor/generator and
configured to control the motor/generator to alternately function as a motor and as a
generator; and

a battery operatively connected to the controller and the
motor/generator and configured to store energy converted from torque on the rotors
when the motor/generator is controlled to function as a generator;
wherein the battery is charged using torque of the crankshaft when
the motor/generator is controlled by the controller to function as a generator and the
third clutch is engaged.

8.

The assembly of claim 1, wherein the load device is a

motor/generator selectively alternately operable as a motor and as a generator; and
further comprising:
a first clutch selectively engageable to operatively connect the
motor/generator with the first supercharger;
a second clutch selectively engageable to operatively connect the
crankshaft with the second supercharger;
an air inlet passage;

a first valve positioned in the air inlet passage and configured to be
movable between a first position and a second position, wherein the first valve
permits air to flow from the air inlet passage to the first supercharger and prevents
air from flowing from the air inlet passage to the second supercharger when the first
valve is in the first position, and wherein the first valve permits air to flow from the
air inlet passage to both the first supercharger and the second supercharger when the
first valve is in the second position; and
a controller operatively connected to the motor/generator and
configured to control the motor/generator to alternately function as a motor and as a
generator;

wherein a speed of the motor/generator is controlled by the controller
so that the second clutch is slipped during engagement.

9.

The assembly of claim 8, further comprising:

a bypass passage connecting the air inlet passage with the throttle
body and bypassing both of the first and second superchargers; and
a bypass valve positioned in the bypass passage and configured to be
movable between an open position and a closed position; wherein the bypass valve
permits air to flow from the air inlet passage to the throttle body when in the open
position and prevents air from flowing from the air inlet passage to the throttle body
through the bypass passage when the bypass valve is in the closed position;
wherein the bypass valve is in the open position when a battery is
charged using torque of the crankshaft so that air flow from the air inlet bypasses the
first and second superchargers.

10.

The assembly of claim 1, wherein the load device is a

motor/generator selectively alternately operable as a motor and as a generator; and
further comprising:
a controller operatively connected to the motor/generator and
configured to control the motor/generator to alternately function as a motor and as a
generator;

a battery operatively connected to the controller and the
motor/generator and configured to store energy converted from torque on the rotors
when the motor/generator is controlled to function as a generator;
a first clutch selectively engageable to operatively connect the
motor/generator with the first supercharger,
a second clutch selectively engageable to operatively connect the
crankshaft with the second supercharger;
a third clutch selectively engageable to operatively connect the
crankshaft with the motor/generator; and
a fourth clutch selectively disengageable to operatively disconnect
the crankshaft from both of the first and second superchargers and the
motor/generator;
wherein at least one vehicle electrical device is operatively connected
to the battery and is configured to receive stored energy from the battery; and
wherein said at least one vehicle electrical device receives stored
energy from the battery when the third clutch is engaged, the fourth clutch is
disengaged, and the motor/generator is controlled to function as a motor to power
said at least one vehicle electrical device when the engine is off.

11.

The assembly of claim

1,

further comprising:

a first check valve positioned between an outlet of the first
supercharger and the throttle; and
a second check valve positioned between an outlet of the second
supercharger and the throttle;
wherein each of the first and second check valves is configured to
prevent backflow of air to the first and second superchargers when either of the first
and second superchargers boosts air flow to the cylinders.

12.

An assembly for controlling air flow to an engine having a

crankshaft, cylinders, and a throttle in a throttle body in air flow to the cylinders,

the assembly comprising:

a first supercharger with a first set of rotors;
a second supercharger with a second set of rotors configured to
output a greater volume of air per rotation than the first set of rotors;

an electric motor/generator selectively alternately operable as a motor
and as a generator;

an air inlet passage;

a first valve positioned in the air inlet passage and configured to be
movable between a first position and a second position, wherein the first valve
permits air to flow from the air inlet passage to the first supercharger and prevents
air from flowing from the air inlet passage to the second supercharger when the first
valve is in the first position, and wherein the first valve permits air to flow from the
air inlet passage to both the first supercharger and the second supercharger when the
first valve is in the second position;
a first clutch selectively engageable to operatively connect the
electric motor/generator with the first supercharger; and

a second clutch selectively engageable to operatively connect the
crankshaft with the second supercharger, the electric motor/generator thereby
driving the first supercharger when the first clutch is engaged and the electric

motor/generator functions as a motor, and the crankshaft driving the second
supercharger when the second clutch is engaged so that both of the first and second
superchargers boost air flow to the cylinders in a boost operating mode;

wherein the first and second superchargers are arranged in parallel
with one another in the air flow to the cylinders and are configured to be operatively

connectable with the engine upstream in the air flow to the cylinders; and
wherein the first clutch is engaged and the throttle opens so that a
pressure drop across the throttle shifts to the first supercharger and the electric
motor/generator is controlled to function as a generator to recover throttling losses in
a throttling loss regeneration operating mode.

13.

The assembly of claim 1 , further comprising a third clutch

selectively engageable to operatively connect the crankshaft with the electric

motor/generator, the crankshaft thus being operatively connected with the first

supercharger when the first and third clutches are engaged, the first and second
superchargers thus being separately operatively connectable with the crankshaft by
the first and the third clutches.

14.

The assembly of claim 13, further comprising:

a controller operatively connected to the electric motor/generator and
configured to control the electric motor/generator to alternately function as a motor
and as a generator;

a battery operatively connected to the controller and the electric
motor/generator and configured to store energy converted from torque on the rotors
when the electric motor/generator is controlled to function as a generator; and

a fourth clutch selectively disengageable to operatively disconnect
the crankshaft from both of the first and second superchargers and the electric
motor/generator;

wherein at least one vehicle electrical device is operatively connected
to the battery and is configured to receive stored energy from the battery; and
wherein said at least one vehicle electrical device receives stored
energy from the battery when the fourth clutch is disengaged, the third clutch is
engaged, and the electric motor/generator is controlled to function as a motor to

power said at least one vehicle electrical device when the engine is off.

15.

The assembly of claim 12, further comprising:

a first check valve positioned between an outlet of the first
supercharger and the throttle; and
a second check valve positioned between an outlet of the second
supercharger and the throttle;
wherein each of the first and second check valves is configured to
prevent backflow when either of the first and second superchargers boosts air flow
to the cylinders.

16.

An assembly for controlling air flow to an engine, the

assembly comprising:

a first supercharger with a first set of rotors;

a second supercharger with a second set of rotors configured to
output a greater volume of air per rotation than the first set of rotors;
an electric motor/generator selectively alternately operable as a motor
and as a generator;

an air inlet passage;
a first valve positioned in the air inlet passage and configured to be
movable between a first position and a second position, wherein the first valve
permits air to flow from the air inlet passage to the first supercharger and prevents
air from flowing from the air inlet passage to the second supercharger when the first
valve is in the first position, and wherein the first valve permits air to flow from the
air inlet passage to both the first supercharger and the second supercharger when the
first valve is in the second position;
a first clutch selectively engageable to operatively connect the
electric motor/generator with the first supercharger;

a second clutch selectively engageable to operatively connect the
crankshaft with the second supercharger, the electric motor/generator thereby
driving the first supercharger when the first clutch is engaged and the electric
motor/generator functions as a motor, and the crankshaft driving the second
supercharger when the second clutch is engaged so that both of the first and second
superchargers boost air flow to cylinders of the engine in a boost operating mode;
a third clutch selectively engageable to operatively connect the
crankshaft with the electric motor/generator;
a controller operatively connected to the electric motor/generator and
configured to control the electric motor/generator to alternately function as a motor
and as a generator;
a battery operatively connected to the controller and the electric
motor/generator and configured to store energy converted from torque on the rotors
when the electric motor/generator is controlled to function as a generator;
a fourth clutch selectively disengageable to operatively disconnect
the crankshaft from both of the first and second superchargers and the electric
motor/generator;
a first check valve positioned between an outlet of the first
supercharger and a throttle of the engine; and

a second check valve positioned between an outlet of the second
supercharger and the throttle;
wherein the first and second superchargers are arranged in parallel
with one another in the air flow to the cylinders and are configured to be operatively
connectable with the engine upstream in the air flow to the cylinders; and
wherein, when the first clutch is engaged and the throttle opens, a
pressure drop across the throttle shifts to the first supercharger and the electric
motor/generator is controlled to function as a generator to recover throttling losses in
a throttling loss regeneration operating mode;
wherein the crankshaft is operatively connected with the first
supercharger when the first and third clutches are engaged, the first and second
superchargers thus being separately operatively connectable with the crankshaft by
the first and the third clutches;

wherein at least one vehicle electrical device is operatively connected
to the battery and is configured to receive stored energy from the battery;

wherein said at least one vehicle electrical device receives stored
energy from the battery when the fourth clutch is disengaged, the third clutch is
engaged, and the electric motor/generator is controlled to function as a motor to

power said at least one vehicle electrical device when the engine is off; and
wherein each of the first and second check valves is configured to
prevent backflow when either of the first and second superchargers boosts air flow
to the cylinders.

17.

The assembly of claim 16, wherein the first supercharger is

configured with rotors of a first effective diameter and the second supercharger is
configured with rotors of a second effective diameter larger than the first effective
diameter such that the second supercharger outputs a greater volume of air per
rotation.

18.

The assembly of claim 16, wherein the battery is charged

using torque of the crankshaft when the motor/generator is controlled by the
controller to function as a generator and the third clutch is engaged.

19.

The assembly of claim 16, wherein a speed of the

motor/generator is controlled by the controller so that the second clutch is slipped
during engagement.

20.

The assembly of claim 16, further comprising:

a bypass passage connecting the air inlet passage with a throttle body
and bypassing both of the first and second superchargers; and
a bypass valve positioned in the bypass passage and configured to be
movable between an open position and a closed position; wherein the bypass valve
permits air to flow from the air inlet passage to the throttle body when in the open
position and prevents air from flowing from the air inlet passage to the throttle body

through the bypass passage when the bypass valve is in the closed position;

wherein the bypass valve is in the open position when the battery is
charged using torque of the crankshaft so that air flow from the air inlet bypasses the

first and second superchargers.

