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(54) Supercharger coupling

(57) A rotational element coupling device in a super-
charger includes a rotatable output shaft having tapered
external splines and an output shaft axis of rotation. A
coupling disk has a disk axis of rotation coaxial with the
output shaft axis of rotation, a tapered internally splined
bore coaxial with the disk axis of rotation to engage the
tapered external splines, and a plurality of apertures de-
fined in the coupling disk parallel to the disk axis of rota-

tion. A plurality of pins each have a disk end and a timing
gear end distal to the disk end. The plurality of pins mat-
ingly engages with the coupling disk at the disk end of
the pins via the plurality of apertures. A timing gear is
fixed to a supercharger rotor for rotation therewith. The
timing gear has a plurality of apertures disposed therein
to matingly engage with the timing gear end of the plu-
rality of pins.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation-in-part of co-
pending U.S. patent application S.N. 12/856,121, filed
August 13, 2010, which is incorporated by reference
herein in its entirety.

BACKGROUND

[0002] Superchargers may be used to increase or
"boost" the air pressure in the intake manifold of an in-
ternal combustion (IC) engine to increase the horsepow-
er output of the IC engine. The IC engine may thus have
an increased horsepower output capability than would
otherwise occur if the engine were normally aspirated
(e.g., the piston would draw air into the cylinder during
the intake stroke of the piston). A conventional super-
charger is generally mechanically driven by the engine,
and therefore, may represent a drain on engine horse-
power whenever engine "boost" may not be required
and/or desired. A selectively engageable clutch may be
disposed in series between the supercharger input (e.g.,
a belt driven pulley) and the rotors of the supercharger.
A transmission may be disposed in series between the
clutch and the rotors of the supercharger.

SUMMARY

[0003] A rotational element coupling device in a super-
charger includes a rotatable output shaft having tapered
external splines and an output shaft axis of rotation. A
coupling disk has a disk axis of rotation coaxial with the
output shaft axis of rotation, an internally splined bore
coaxial with the disk axis of rotation to engage the tapered
external splines, and a plurality of disk apertures defined
in the coupling disk parallel to the disk axis of rotation. A
plurality of pins each have a disk end and a timing gear
end distal to the disk end. The plurality of pins matingly
engages with the coupling disk at the disk end of the pins
via the plurality of apertures. A timing gear is fixed to a
supercharger rotor for rotation therewith. The timing gear
has a plurality of timing gear apertures disposed in the
timing gear and matingly engaged with the timing gear
end of the plurality of pins.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Features and advantages of examples of the
present disclosure will become apparent by reference to
the following detailed description and drawings, in which
like reference numerals correspond to similar, though
perhaps not identical, components. For the sake of brev-
ity, reference numerals or features having a previously
described function may or may not be described in con-
junction with other drawings in which they appear.

Fig. 1 is a cross-sectional view of a supercharger
according to an example of the present disclosure;
Fig. 2. is a cross-sectional view of a clutch assembly
according to an example of the present disclosure;
Fig. 3 is a perspective view of the clutch assembly
depicted in Fig. 2 according to an example of the
present disclosure;
Fig. 4 is an exploded perspective view of a clutch
armature, clutch rotor, and clutch coil of a clutch as-
sembly according to an example of the present dis-
closure;
Fig. 5 is an exploded perspective view of a portion
of a clutch assembly according to an example of the
present disclosure;
Fig. 6 is a cross-sectional view depicting a super-
charger coupling according to an example of the
present disclosure;
Fig. 7 is a flow diagram representing an example of
a method according to the present disclosure;
Fig. 8 is a perspective view of an example of a cou-
pling disk according to the present disclosure;
Fig. 9 is a cross-sectional view of the example of the
coupling disk depicted in Fig. 8;
Fig. 10 is an enlarged cutaway view showing internal
involute splines disposed in the internally splined
bore in an example of a coupling disk according to
the present disclosure; and
Fig. 11 depicts an output shaft in an example of the
present disclosure.

DETAILED DESCRIPTION

[0005] The present disclosure relates generally to a
supercharger clutch assembly and a supercharger rota-
tional element coupling device.
[0006] A clutch assembly 10 according to an example
of the present disclosure is shown in Fig. 1. The clutch
assembly 10 is configured for use with a supercharger
12 in accordance with an example of the present disclo-
sure. The supercharger 12 may be part of an intake man-
ifold assembly for an engine (not shown). The engine
may include a plurality of cylinders and a reciprocating
piston disposed within each cylinder, thereby defining an
expandable combustion chamber. The engine may in-
clude intake and exhaust manifold assemblies for direct-
ing combustion fluid to and from the combustion chamber
by way of intake and exhaust valves, respectively.
[0007] The supercharger 12 of the intake manifold as-
sembly may be any positive displacement pump, includ-
ing the Roots type blower supercharger as illustrated and
described in U.S. Pat. Nos. 5,078,583 and 5,893,355
which are owned by the assignee of the present disclo-
sure and which are hereby incorporated by reference in
their entirety, but are not necessarily limited thereto. The
supercharger 12 may also comprise a screw compres-
sors or any other type of positive displacement pump. In
accordance with an example of the present disclosure,
the supercharger 12 may include a plurality (e.g., pair)

1 2 



EP 2 767 718 A1

3

5

10

15

20

25

30

35

40

45

50

55

of rotors 14, each having a plurality of meshed lobes.
The rotors may be disposed in a plurality of parallel, trans-
versely overlapping cylindrical chambers and may be
driven by engine crankshaft torque transmitted thereto
(e.g., via a drive belt). The supercharger 12 may include
a main housing 16 that may define the plurality of cylin-
drical chambers. The main housing 16 may also be re-
ferred to as the rotor housing. The mechanical drive of
the supercharger 12, including shaft 18, may rotate the
rotors 14 at a fixed ratio, relative to the crankshaft speed,
such that the displacement of the supercharger 12 is
greater than the engine displacement, thereby boosting
or supercharging the air flowing into the combustion
chamber of the engine. The supercharger 12 may include
an inlet port configured to receive fluid from an inlet duct
or passage and an outlet port configured to direct the
charged air to the intake valves via a discharge duct. The
inlet duct or passage and the discharge duct may be in-
terconnected by means of a bypass passage. A bypass
valve may be disposed within the bypass passage and
may be configured to be moved between an open position
and a closed position by means of an actuator assembly.
[0008] The supercharger 12 may be coupled to a clutch
assembly 10 in any suitable manner. The supercharger
12 may further include an input housing that serves as a
clutch housing 20 for the clutch assembly 10. Clutch as-
sembly 10 includes clutch housing 20, a shaft 22, a pulley
24, a clutch rotor 26, a clutch armature 28, and a clutch
coil 30. The clutch housing 20 may be configured to
house other components of the clutch assembly 10.
Clutch housing 20 may be smaller in diameter at a first
end 32 and larger in diameter at a second end 34. The
first end 32 may be proximate pulley 24. The second end
34 may be proximate the main housing 16 of the super-
charger 12.
[0009] Shaft 22 may also be referred to as a pulley-
drive shaft. Shaft 22 may have a longitudinal axis 36
about which shaft 22 may rotate. Shaft 22 may be sup-
ported within clutch housing 20 by at least one bearing
38. For example and without limitation, shaft 22 may be
supported within clutch housing 12 by a plurality (e.g.,
pair) of bearings 38, 40. The bearings 38, 40 may be
disposed between the clutch housing 20 and shaft 22.
Referring now to FIGS. 2-3, an alternative example of
the clutch assembly 110 is generally illustrated. As gen-
erally illustrated in Figs. 2-3, at least a portion of the pulley
24 may circumferentially surround at least one bearing
38. By locating pulley 24 directly over at least one bearing
38, the other bearing 40 may not need to be configured
to support a radial load exerted by the pulley 22. Each
of the bearings 38, 40 may comprise an inner race and
an outer race in accordance with an example of the
present disclosure. There may be substantially no rela-
tive motion between the inner race and the outer race of
the bearings 38, 40 when the clutch assembly 10, 110 is
engaged.
[0010] Referring now to FIGS. 1-3 and 5, the pulley 24
may be configured to transmit torque from the engine

crankshaft (not shown) to shaft 22 during engagement
of the clutch assembly 10. The pulley 24 may be con-
nected to shaft 22. The pulley 24 may be disposed ex-
ternally to shaft 22 in accordance with an example of the
present disclosure. The pulley 24 may be disposed at an
end of shaft 22 and may circumferentially surround shaft
22. The pulley 24 may be external to the clutch housing
20 in accordance with an example of the present disclo-
sure. The pulley 24 may be axially spaced along the lon-
gitudinal axis 36 from the clutch housing 20. In accord-
ance with an example of the present disclosure, at least
one bearing 38 that is disposed between the clutch hous-
ing 20 and shaft 22 may be proximate the pulley 22. An-
other bearing 40 may be disposed between the clutch
housing 20 and shaft 22 closer toward the main housing
16 of the supercharger 12. The pulley 24 may be sepa-
rated from (i.e., not integral with) other components of
the clutch assembly 10. For example, the pulley 24 may
be separated from (i.e., not integral with) the clutch ar-
mature 28.
[0011] The pulley 24 may have a diameter that is in-
dependent of the diameters of the clutch rotor 26, the
clutch armature 28, and the clutch coil 30. The pulley 24,
including its design and configuration, is independent of
the torque capacity of the clutch rotor 26, the clutch ar-
mature 28, and the clutch coil 30. In accordance with a
certain torque capacity of the supercharger 12, the pulley
24 may have a diameter that is less than about 85 mm
in accordance with an example of the present disclosure.
The pulley 24 may have a diameter that is between about
45 mm and about 85 mm in accordance with an example
of the present disclosure. Based on the diameter of the
pulley 24, the pulley 24 may conventionally be consid-
ered a small pulley. The pulley 24 may have a diameter
that is smaller than the diameter of the clutch coil 30 in
accordance with an example of the present disclosure,
as the pulley 24 may not surround the clutch coil 30 in
accordance with an example of the present disclosure.
The pulley 24 may also not be integrated with clutch rotor
26 in accordance with an example of the present disclo-
sure.
[0012] The clutch rotor 26 may be configured to be
magnetized and set up a magnetic loop that attracts the
clutch armature 28. The clutch rotor 26 may be connected
to shaft 22 and/or pulley 24 in accordance with an exam-
ple of the present disclosure. The clutch rotor 26 may
rotate around the longitudinal axis 36 of shaft 22. The
clutch rotor 26 is not connected to shaft 18 of the super-
charger as may be conventional in small pulley designs.
The clutch rotor 26 may comprise steel in accordance
with an example of the present disclosure. Although steel
is mentioned in detail for one example of the present
disclosure, the clutch rotor 26 may comprise any number
of other materials in accordance with other examples of
the present disclosure, The clutch rotor 26 may rotate at
rotational speeds that are at least the same as the pulley
24 and may rotate at rotational speeds greater than those
capable by the clutch armature 28 in an example of the
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present disclosure. Because the clutch rotor 26 may be
connected to shaft 22 and/or pulley 24, the clutch rotor
26 may always maintain the same rotational speed as
the pulley 24 in accordance with an example of the
present disclosure. In other words, the clutch rotor 26
may rotate at a rotational speed that is substantially the
same as the rotational speed of shaft 22 even when the
clutch assembly 10 is disengaged. The clutch rotor 26
may generally be more stable at higher speeds than the
clutch armature 28. The clutch rotor 26 may be disposed
between the clutch armature 28 and the clutch coil 30
along the longitudinal axis 36 of shaft 22. The clutch rotor
26 may have a first face 42 that is configured to at least
partially surround the clutch coil 30. The clutch rotor 26
may have a second face 44 (i.e., opposing the first face
42) that is configured to face the clutch armature 28.
[0013] The clutch armature 28 may rotate around the
longitudinal axis 36 of shaft 22. The clutch armature 28
may be configured to be pulled against the clutch rotor
26 and apply a frictional force at contact. The load of the
clutch armature 28 may thus be accelerated to match the
rotational speed of the clutch rotor 26. The clutch arma-
ture 28 may be disposed between the clutch rotor 18 and
the supercharger 12 along the longitudinal axis 36 of shaft
22. The clutch armature 28 may have a first face 46 that
is configured to face the second face 44 of the clutch
rotor 26 and may include a friction material. The clutch
armature 28 may have a second face 48 (i.e., opposing
the first face 44) that is configured to face the supercharg-
er 12. The clutch armature 28 may be connected to shaft
18 of supercharger 12 through a spline and bolt. The
clutch armature 28 may contain speed sensitive compo-
nents (e.g., friction materials and springs) in accordance
with an example of the present disclosure. The rotational
speed of the clutch armature 28 may be less than the
rotational speed of shaft 22 when the clutch assembly
10, 110 is disengaged. Accordingly, the clutch armature
28 may be configured to coast down to a stop in accord-
ance with an example of the present disclosure when the
clutch assembly 10, 110 is disengaged, rather than al-
ways having to maintain the same rotational speed as
the pulley 24. Clutch armature 28 may not be connected
to shaft 22 and/or pulley 24 in an example of the present
disclosure, instead, clutch armature 28 may be separated
from the pulley 24 in accordance with an example of the
present disclosure. Clutch armature 20 may be connect-
ed to shaft 18 of the supercharger 12. Shaft 18 may be
referred to as a step-up input shaft 18. The rotational
speed of the clutch armature 28 may be substantially the
same as the rotational speed of shaft 22 when the clutch
assembly 10, 110 is engaged. Because it may be more
difficult to keep the clutch armature 28 stable at higher
speeds because of the inclusion of speed sensitive ma-
terial, like the friction material, the clutch armature 28
may not be connected to shaft 22 and/or pulley 24. The
clutch armature 28 may be separated from the pulley 24,
and therefore, the clutch armature 28 may not influence
the size and/or range of the pulley 24. By separating the

clutch armature 28 from the pulley 24, the size of the
clutch housing 20 in the area around the pulley 24 may
be decreased. Furthermore, the size and configuration
of the pulley 24 may not depend on the size and/or torque
capacity of the armature 28.
[0014] The clutch coil 30 may comprise a source of
magnetic flux. An electrical current and/or voltage may
be applied to the clutch coil 30 to generate a magnetic
field in the vicinity of the clutch coil 30 and produce mag-
netic lines of flux. The intensity of the magnetic field may
be proportional to the level of current provided. This flux
may then be transferred through the small working air
gap between the clutch coil 30 and the clutch rotor 26.
The clutch rotor 26 may thus become magnetized and
set up a magnetic loop that attracts the clutch armature
28, The clutch armature 28 may then be pulled against
the clutch rotor 26 and a frictional force may be applied
at contact and the load on the clutch armature 28 may
be accelerated to match the speed of the clutch rotor 26.
When current and/or voltage is removed from the clutch
assembly 10, 110, the clutch armature 28 may be free
to turn with the shaft 18 of supercharger 12. The clutch
coil 30 may not be surrounded by pulley 24. Instead, the
clutch coil 30 may be mounted in the clutch rotor 26 and
may be located closer to the housing 16 of the super-
charger 12. The clutch coil 30 may be disposed between
the clutch rotor 26 and the clutch housing 20 in a direction
along the longitudinal axis 36 of shaft 22. The clutch coil
30 may be spaced along the longitudinal axis 36 of shaft
22 from the pulley 24. The clutch coil 30 may be separated
from the pulley 24, and therefore, the clutch coil 30 may
not influence the size and/or range of the pulley 24. By
separating the clutch coil 30 from the pulley 24, the size
of the clutch housing 20 in the area around the pulley 24
may be decreased. Furthermore, the size and configu-
ration of the pulley 24 may not depend on the size and/or
torque capacity of the clutch coil 30.
[0015] The clutch coil 30 may be controlled by an elec-
tronic control unit (ECU) (not shown) that provides an
electrical signal to the clutch coil 30 (e.g., via wires 52).
The ECU may process input, such as for example (but
not limited to), sensor readings corresponding to vehicle
parameters and process the input according to log rules
to determine the appropriate electrical signal to provide
to clutch coil 30. The ECU may comprise a microproces-
sor having sufficient memory to store the logic rules (e.g.,
in the form of a computer program) for controlling oper-
ation of the clutch assembly 10, 110.
[0016] A supercharger 12 including a clutch assembly
10, 110 in accordance with an example of the present
disclosure may further include an input step-up gear 50
connected to shaft 18 of the supercharger 12. Accord-
ingly, at least one of the rotors 14 of the supercharger 12
may utilize an input drive configuration including for ex-
ample and without limitation, shaft 18 and step up gear
50, by means of which the supercharger 12 may receive
input drive torque. A supercharger 12 in accordance with
an example of the present disclosure may include the
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clutch assembly 10, 110; housing 16; a plurality of rotors
14 disposed within housing 16; shaft 18 configured to
drive rotation of the plurality of rotors 14; and input step-
up gear 50 connected to shaft 18. Step-up gear 50 and
related components are discussed more fully below.
[0017] Examples of the rotational element coupling de-
vice and method disclosed herein may provide the benefit
of misalignment compensation and may reduce or sub-
stantially eliminate backlash within a supercharger. It is
to be understood that examples of the rotational element
coupling device and method disclosed herein may pre-
vent some types of damage to bearings that may occur
in some superchargers during assembly.
[0018] Referring further to Fig. 1, supercharger 12 in-
cludes a supercharger transmission 54. The supercharg-
er transmission 54 includes input step-up gear 50 and
an output step-up gear 51 to provide a drive ratio from
step-up input shaft 18 to an output shaft 56. Pulley 24
drives a pulley-drive shaft 22 in the supercharger 12 to
deliver torque to input step-up gear 50. The pulley 24
may be driven by an engine crankshaft pulley (not shown)
connected to the pulley 24 via a front end accessory drive
(FEAD) belt (not shown). Clutch assembly 10 may be
disposed between the pulley-drive shaft 22 and the input
step-up gear 50 to selectively connect the step-up input
shaft 18 to the input step-up gear 50. The input step-up
gear 50 meshingly engages output step-up gear 51 that
is fixed to output shaft 56 for rotation therewith.
[0019] The drive ratio of step-up gears 50 and 51 pro-
vides a rotational speed differential between the step-up
input shaft 18 and the output shaft 56. A range of drive
ratios from about 1:1 to about 3:1 may be used according
to examples of the present disclosure. For example, if
using a 2:1 drive ratio, when the step-up input shaft 18
spins at 1,000 revolutions per minute (rpm), the rotor 14
may spin at 2,000 rpm because the rotor 14 rotates with
output shaft 56 as discussed in further detail below.
[0020] The output shaft 56 may be indirectly connected
to a driving timing gear 58 by an indirect shaft configu-
ration, discussed in further detail below. The driving tim-
ing gear 58 is meshingly engaged with a driven timing
gear 60. Driving timing gear 58 is connected to rotor 14.
Driven timing gear 60 is connected to rotor 14’. The timing
gears 58, 60 may include an equal number of gear teeth
spaced at a relatively high tooth pitch. For example, tim-
ing gears 58, 60 may each have 30 teeth for meshing
engagement with one another; therefore timing gears 58,
60 rotate with a substantially equal angular velocity ther-
ebetween. As such, the timing gears 58, 60 substantially
synchronize the rotors 14, 14’, thereby contributing to a
low wear rate of the rotors 14, 14’ and high efficiency of
the supercharger 12.
[0021] An indirect shaft configuration as used herein
generally means a driveline power flow arrangement hav-
ing a shaft separated by at least one component from its
source, i.e., having an indirect connection. For example,
where a direct shaft configuration uses one shaft to trans-
fer rotational power directly from an input to an output,

an indirect shaft configuration uses an additional shaft
connected in series with a coupling to transfer rotational
power according to an example of the present disclosure.
In an example of a direct shaft configuration, an output
shaft may be fixed directly to a supercharger rotor - the
output shaft would also serve as the rotor shaft.
[0022] Referring now also to Fig. 6 for further detail of
supercharger 12, a rotational element coupling device
62 includes output shaft 56 and driving timing gear 58,
having operability to transfer rotational power therebe-
tween. The output shaft 56 has tapered external splines
64 and an output shaft axis of rotation 66. A coupling disk
68 of coupling device 62 has a disk axis of rotation 70
coaxial with the output shaft axis of rotation 66. The cou-
pling disk 68 has a tapered internally splined bore 72
coaxial with the disk axis of rotation 70 to engage the
tapered external splines 64 of the output shaft 56. The
splined internally splined bore 72 is tapered along the
disk axis of rotation 70.
[0023] Fig. 8 is a perspective view depicting an exam-
ple of a coupling disk 68 according to the present disclo-
sure. Fig. 8 depicts the plurality of disk apertures 74 hav-
ing three apertures 75. In other examples, the number
of disk apertures 75 in the plurality of disk apertures 74
may be greater than 3 or less than 3.
[0024] The tapered internally splined bore 72 of cou-
pling disk 68 is further described with reference to Fig.
9. The internally splined bore 72 has a larger diameter
end 88, and a smaller diameter end 90. The coupling disk
68 may have a hub 79 defined around the internally
splined bore 72. As depicted in Fig. 9, the hub 79 may
extend beyond the face 83 of the coupling disk 68 sub-
stantially more on a hub side 81 than on an opposite side.
The hub 79 may be an easily detectable feature (for ex-
ample, visibly detectable, or detectable by process poke-
yoke) to facilitate verification that a free end 86 of the
output shaft 56 (see Fig. 11) is passed through the larger
diameter end 88 toward the smaller diameter end 90
when the output shaft 56 is seated in the coupling disk
68. The tapered internally splined bore 72 has tapered
involute splines defined thereon for engagement with the
tapered external splines 64 of the output shaft 56. The
tapered external splines 64 are also involute splines. The
tapered external splines 64 engage the tooth flanks of
the tapered involute splines of the tapered internally
splined bore 72 in a side-fit engagement. Since the in-
ternal involute splines and the external involute splines
are in side-fit engagement, the splines find and centralize
the axis between the output shaft 56 and the coupling
disk 68. The taper of the splines allows the splines to be
seated to an interference fit between the internal and
external splines with relatively low force to seat the output
shaft 56 in the coupling disk 68.
[0025] The tapered internally splined bore 72 and the
tapered external splines 64 of the output shaft 56 may
be each tapered from about 0.5 degrees to about 2.5
degrees per side with respect to the disk axis of rotation
70 and the output shaft axis of rotation 66 respectively
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to render an interference fit between the output shaft 56
and the internally splined bore 72.
[0026] Fig. 10 is an enlarged cutaway view showing
an example of internal involute splines 73 disposed in
the internally splined bore 72.
[0027] In an example of the present disclosure, a force
to seat the output shaft 56 in the coupling disk 68 ranges
from about 5 Newtons to about 44 Newtons. Without be-
ing held bound to any theory, it is believed that the taper
of the splines allows a tight, interference fit between the
splines to be achieved without a large amount of force.
The tight, interference fit may prevent relative motion be-
tween the output shaft 56 and the coupling disk, thereby
preventing backlash at the joint between the output shaft
56 and the coupling disk 68.
[0028] The coupling disk 68 includes a plurality of disk
apertures 74 defined in the coupling disk 68 parallel to
the disk axis of rotation 70. It is to be understood that
even though only one of the plurality of disk apertures 74
is shown by representation in Fig. 2, the plurality of disk
apertures 74 is disposed radially about disk axis of rota-
tion 70 as shown in Fig. 8.
[0029] The coupling disk 68 may be formed from any
suitable material. Examples of materials for coupling disk
68 include polymers such as polyether ether ketone
(PEEK), and metals including steel alloys and aluminum
alloys. An example of a suitable steel alloy is SAE (So-
ciety of Automotive Engineers) / AlSI (American Iron and
Steel Institute) 1144.
[0030] The coupling device 62 further includes a plu-
rality of pins 76 each having a disk end 78 and a timing
gear end 80 distal to the disk end 78. The plurality of pins
76 may be matingly engaged with the coupling disk 68
at the disk end 78 of the pins 76 via the plurality of disk
apertures 74. It is to be understood that the plurality of
pins 76 may be steel. The plurality of pins 76 may be
three pins and may be substantially equally spaced apart
along a circular pattern within respective disk apertures
of the plurality of disk apertures 74. Further, the plurality
of pins 76 may range in size from about 6 mm to about
10 mm in diameter and from about 20 mm to about 25
mm in length.
[0031] The driving timing gear 58 is fixed to rotor 14
for rotation therewith. The driving timing gear 58 has a
timing gear axis of rotation 82 and a plurality of timing
gear apertures 84. It is to be understood that even though
only one of the plurality of timing gear apertures 84 is
shown by representation in Fig. 6, the plurality of timing
gear apertures 84 are disposed radially about timing gear
axis of rotation 82. The plurality of pins 76 may be mat-
ingly engaged with the driving timing gear 58 at the timing
gear end 80 of the pins 76 via the plurality of timing gear
apertures 84.
[0032] In an example, the coupling device 62 may ac-
commodate a parallel misalignment from about 0.05 mm
(millimeter) to about 0.1 mm between the output shaft
axis of rotation 66 and the timing gear axis of rotation 82.
Misalignment between the output shaft axis of rotation

66 and the timing gear axis of rotation 82 is accommo-
dated by compliance in supercharger 12 rather than
building in tolerance gaps in mating parts. This eliminates
backlash in the joint between the output shaft 56 and the
coupling disk 68. Fig. 11 depicts an example of an output
shaft 56 according to the present disclosure. Tapered
external splines 64 are depicted at a free end 86 of the
output shaft 56. The external splines 64 are tapered so
that the free end output shaft diameter 77’ at the free end
86 is smaller than the output shaft diameter depicted by
reference numeral 77 measured at the ends of the splines
distal to the free end 86.
[0033] Referring to Fig. 7, an example method of mak-
ing a supercharger 12 is depicted by a flow chart 100.
Box 101 represents the method step of disposing a ro-
tatable output shaft 56 in a supercharger housing 11. The
rotatable output shaft 56 may be supported by bearings.
The rotatable output shaft 56 may also have external
splines 64 and an output shaft axis of rotation 66. The
supercharger housing 11 may include multiple compo-
nents of the supercharger 12 that provide external sur-
faces of the supercharger 12 and form supporting struc-
ture for internal components of the supercharger 12. For
example, the supercharger housing 11 may include
housing components for the rotor assembly 27 and the
supercharger transmission 54 along with appropriate
connections, covers, mounting points, seals, and fasten-
ers.
[0034] Box 102 represents pressing coupling disk 68
on the output shaft 56. The coupling disk 68 may have a
disk axis of rotation 70 coaxial with the output shaft axis
of rotation 66, an internally splined bore 72 coaxial with
the disk axis of rotation 70 to engage the external splines
64, and a plurality of disk apertures 74 defined in the disk
68 parallel to the disk axis of rotation 70.
[0035] At box 103, the method further includes the step
of disposing in the supercharger housing 11 a rotor as-
sembly 27 including a rotor shaft 29.
[0036] At box 104, the method further includes dispos-
ing a timing gear 58 on the rotor shaft 29, the timing gear
having a timing gear axis of rotation 82 and a plurality of
timing gear apertures 84 disposed in the timing gear 58.
[0037] At box 105, the method further includes the step
of coupling the timing gear 58 to the coupling disk 68 via
a plurality of pins 76. The plurality of pins 76 each has a
disk end 78 and a timing gear end 80 distal to the disk
end 78. The coupling is accomplished by matingly en-
gaging the plurality of pins 76 with the coupling disk 68
at the disk end 78 of the pins 76 via the plurality of disk
apertures 74 and matingly engaging the plurality of pins
76 with the timing gear 58 at the timing gear end 80 of
the plurality of pins 76 via the plurality of timing gear ap-
ertures 84.
[0038] It is believed that examples of the present dis-
closure allow assembly of the supercharger 12 with a
substantially reduced potential for damaging bearings
during assembly. In particular, the bearings that support
the output shaft 56 are less subject to brinnelling damage
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because the axial output shaft loads during assembly are
relatively low in examples of the present disclosure.
[0039] It is to be understood that the terms "con-
nect/connected/connection" and/or the like are broadly
defined herein to encompass a variety of divergent con-
nected arrangements and assembly techniques. These
arrangements and techniques include, but are not limited
to (1) the direct communication between one component
and another component with no intervening components
therebetween; and (2) the communication of one com-
ponent and another component with one or more com-
ponents therebetween, provided that the one component
being "connected to" the other component is somehow
in operative communication with the other component
(notwithstanding the presence of one or more additional
components therebetween).
[0040] In describing and claiming the examples dis-
closed herein, the singular forms "a", "an", and "the" in-
clude plural referents unless the context clearly dictates
otherwise.
[0041] It is to be understood that the ranges provided
herein include the stated range and any value or sub-
range within the stated range. For example, a range from
about 6 mm to about 10 mm should be interpreted to
include not only the explicitly recited limits of about 6 mm
to about 10 mm, but also to include individual values,
such as 7 mm, 8.2 mm, 9.1 mm, etc., and sub-ranges,
such as from about 6 mm to about 7.5 mm, etc. Further-
more, when "about" is utilized to describe a value, this is
meant to encompass minor variations (up to +/- 10%)
from the stated value.
[0042] While multiple examples have been described
in detail, it will be apparent to those skilled in the art that
the disposed examples may be modified. Therefore, the
foregoing description is to be considered non-limiting.

Claims

1. A rotational element coupling device in a super-
charger, comprising:

a rotatable output shaft having tapered external
splines and an output shaft axis of rotation;
a coupling disk having:

a disk axis of rotation coaxial with the output
shaft axis of rotation;
a tapered internally splined bore coaxial
with the disk axis of rotation to engage the
tapered external splines; and
a plurality of disk apertures defined in the
coupling disk parallel to the disk axis of ro-
tation;

a plurality of pins each having a disk end and a
timing gear end distal to the disk end, the plu-
rality of pins matingly engaged with the coupling

disk at the disk end of the pins via the plurality
of disk apertures; and
a timing gear fixed to a supercharger rotor for
rotation therewith, the timing gear having:

a timing gear axis of rotation; and
a plurality of timing gear apertures disposed
in the timing gear and matingly engaged
with the timing gear end of the plurality of
pins.

2. The coupling device as defined in claim 1 wherein
the coupling disk comprises an aluminum alloy, a
steel alloy, or polyether ether keton (PEEK) or com-
binations thereof.

3. The coupling device as defined in claim 1 wherein
the plurality of pins comprises steel.

4. The coupling device as defined in claim 1 wherein
the tapered internally splined bore and the tapered
external splines of the output shaft are each tapered
from about 0.5 degrees to about 2.5 degrees with
respect to the disk axis of rotation and the output
shaft axis of rotation respectively to render an inter-
ference fit between the output shaft and the splined
bore.

5. The coupling device as defined in claim 1 wherein a
force to seat the output shaft in the coupling disk
ranges from about 5 Newtons to about 44 Newtons.

6. The coupling device as defined in claim 1 wherein
the tapered internally splined bore has tapered side
fit splines to interface with the tapered external
splines having a complementary spline profile.

7. The coupling device as defined in claim 1 wherein a
parallel misalignment from about 0.05 mm (millime-
ter) to about 0.1mm between the output shaft axis
of rotation and the timing gear axis of rotation.

8. The coupling device as defined in claim 1 wherein
the plurality of pins are substantially equally spaced
apart along a circular pattern.

9. A method of making a supercharger, the method
comprising:

disposing in a supercharger housing a rotatable
output shaft supported by bearings, the rotata-
ble output shaft having tapered external splines
and an output shaft axis of rotation;
pressing a coupling disk on the rotatable output
shaft, the coupling disk having:

a disk axis of rotation coaxial with the output
shaft axis of rotation;
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a tapered internally splined bore coaxial
with the disk axis of rotation to engage the
tapered external splines; and
a plurality of disk apertures defined in the
disk parallel to the disk axis of rotation;

disposing in the supercharger housing a rotor
assembly having a rotor shaft disposed therein;
disposing a timing gear on the rotor shaft, the
timing gear having a timing gear axis of rotation
and a plurality of timing gear apertures disposed
in the timing gear; and
coupling the timing gear to the coupling disk via
a plurality of pins, the plurality of pins each hav-
ing a disk end and a timing gear end distal to
the disk end, the coupling being accomplished
by:

matingly engaging the plurality of pins with
the coupling disk at the disk end of the pins
via the plurality of disk apertures; and
matingly engaging the plurality of pins with
the timing gear at the timing gear end of the
plurality of pins via the plurality of timing
gear apertures.

10. The method as defined in claim 9 wherein the cou-
pling disk comprises an aluminum alloy, a steel alloy,
or polyether ether keton (PEEK) or combinations
thereof.

11. The method as defined in claim 9 wherein the plu-
rality of pins comprises steel.

12. The method as defined in claim 9 wherein the ta-
pered internally splined bore and the tapered exter-
nal splines of the output shaft are each tapered from
about 0.5 degrees to about 2.5 degrees with respect
to the disk axis of rotation and the output shaft axis
of rotation respectively to render an interference fit
between the output shaft and the internally splined
bore.

13. The method as defined in claim 9 wherein pressing
the coupling disk on the rotatable output shaft in-
cludes applying a force to seat the output shaft in
the coupling disk, the force ranging from about 5
Newtons to about 44 Newtons.

14. The method as defined in claim 9 wherein the ta-
pered internally splined bore has tapered side fit
splines to interface with the tapered external splines
having a complementary spline profile.

15. The method as defined in claim 9 wherein a parallel
misalignment from about 0.05 mm (millimeter) to
about 0.1 mm between the output shaft axis of rota-
tion and the timing gear axis of rotation.

16. The method as defined in claim 9 wherein the plu-
rality of pins are substantially equally spaced apart.
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