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MULTI-SPEED ELECTRIC DRIVE AXLE USING MULTI-LAYSHAFT

TRANSMISSION

FIELD
0001} The present disclosure relates {0 a mulli-speed electric drive axie

that uses a mulli-layshaft transmission.

BACKGROUND
10002] The present disclosure relates fo a mulli-speed electric drive axile
that uses a multi-layshaft transmission. The muiti-speed electric drive axle can
use an actuator assembly o control the selection of gears in the multi-layshaft

fransmission.

SUMMARY

{0003} in one implementation of the disclosure, an aciuator assembly is
configured to be coupled 10 a multi-speed electric drive axle, having an cuiput
assembly, including an axially-movably member configured to couple to a mulli-
speed input portion of the mulli-speed eglectric drive axle; a ball screw having an
externally-threaded portion; a coupler, attached {o the axially-movable member,
having an internally threaded hub that meshingly engages the externally-threaded
portion of the ball screw such that rotation of the ball screw linearly moves the
coupler and the axially-movable member.

100047 in another implemeniation of the disclosure, an actuator assembly is

cortfigured 1o be coupled 10 a multi-speed electric drive axle, having an oulput
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assembly, including an axially-movably member configured to couple {0 a mulli-
spead input portion of the mulli-spesd electric drive axle; a ball screw having an
externaily-threaded portion; a coupler, attached to the axially-movable member,
having an internally threaded hub that meshingly engages the externally-threaded
portion of the ball screw such that rotation of the ball screw linearly moves the
coupier and the axially-movable member; a biasing spring configured to apply a
biasing force to the muili-speed input portion of the multi-speed electric drive axie
o urge the multi-spead input portion into a high-speed position.

{0005} in ancther implementation of the disclosure, an actuator assembly is
configurad to be coupled {0 a multi-speed eleciric drive axie on a vehicle, having
a ball screw having an externailly-threaded portion; a coupler having an intemally
threaded hub that meshingly engages the exiernally-threaded portion of the ball
screw such that rotation of the ball screw linearly moves the coupler; an axially-
movable member configured {6 couple to a multi-speed input portion of the mulli-
speed electric drive axie and the coupler, a pivot fork assembly comprising: a first
fork membaer; a second fork membaer,; at least one first pivot pin pivolably coupling
a first end of the first fork member {0 the coupler, a second pivot pin pivotably
coupling the first fork member o the second fork member;, a pair of connecting
pins that pivotably couple the first fork member to the second fork member; and
one or more compliance springs that biasg the second fork member about the

second pivol pin in a first pivot direction.
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DRAWINGS
10006} The drawings described herein are for illustrative purposes only of
selected embodiments and not all possible implementations, and are not intended
o limit the scope of the present disclosure.
10007} Figure 1 is a perspective view of an exemplary electric drive axle
constructed in accordance with the teachings of the present disclosure;
{0008} Figure 2 is a section view taken along the line 2-2 of Figure 1;
{0008 Figure 3 is an expicded perspective view of a portion of the electric
drive axle of Figure 1 ilustrating a gearcase of a housing assembly, a transmission
and a differential assembly in more detail;
{0010} Figure 4 is a section view of a portion of the eleclric drive axie of
Figure 1 taken through a motor axis of an electric motor,
0011} Figure & is a schematic lusiration of a portion of the electric drive
axie of Figure 1 that illustrates the transmission in more detail;
0012] Figure 8 is a perspective view of a portion of the electric drive axle of
Figure 1 lliusirating the transmission in more detail;
0013} Figure 7 is a section view of a portion of the transmission taken along
the molor axis;
0014} Figure 8 is a perspective view of the transmission,
0015} Figure 9 is a section view taken of a portion of the fransmission taken

through the motor axis and an intermediate axis of a first compound gear;
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0016} Figure 10 is an exploded perspeclive view of a multi-speed input
portion of the transmission;

10017} Figures 11 through 13 are enlarged portions of Figure 7 illustrating
an input shaft of the multi-speed input portion of the transmission in the high-
speed, neutral, and low-speed positions, respectively;

10018} Figure 14 is a perspeciive view of a portion of the electric drive axle
of Figure 1, ilustrating a portion of the transmission that inciudes a mounting plate;
{0018} Figure 15 is a seclion view taken through a portion of the electric
drive axle iliustrating one of the layshafts of the tfransmission as mounted between
the mounting plate and a portion of a housing assembily;

{0020] Figure 16 is a perspective view of a portion of the electric drive axle
of Figure 1 iHustrating an actuator assembly for operating the multi-speed input
portion of the transmission and a park-iock mechanism in more detail;

0021} Figure 17 is a seclion view of a portion of the electric drive axle of
Figure 1 Hustrating a conneclion between the actuator assembly and the input
shaft:

00223 Figure 18 is a perspeclive view of the electric drive axie of Figure 1
Hiustrating the actuator assembly in more detail;

0023} Figure 19 is a perspective view of a portion of the electric drive axle
of Figure 1 illustrating portions of the actuator assembly in more delail;

f0024] Figure 20 is a perspeclive view of the park-lock mechanism,

0025} Figure 21 is a perspective view of a portion of the electric drive axle

of Figure 1 illustrating the park-iock mechanism in more detail;
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0026} Figure 22 is a section view taken through a portion of the park-lock
mechanism that llustrates the park-lock plunger assembly in operative association
with a guide and a park pawi;

10027} Figure 23 is a perspeclive view of a portion of ancther electric drive

axle having an alternately configured acluator assembly;

10028} Figure 24 is an end view of the electric drive axle of Figure 23,
10029} Figure 25 is g section view taken aiong the line A-A of Figure 24,
{0030} Figure 26 is an exploded perspeaclive view of a portion of the electric

drive axie of Figure 23,

{0031} Figure 27 is an enlarged portion of Figure 25;
{0032] Figure 28 is a profile view of an actualor assembly.
{0033] Corresponding reference numerals indicate corresponding parts

throughout the several views of the drawings.

DETAILED DESCRIPTION

{0034} With reference {o Figures 1 and 2, an exemplary electric drive axle
constructed in accordance with the teachings of the present disclosure is generally
indicated by reference numeral 10. The multi-speed eleclric drive axie 10 includes
several major assemblies or components including & housing assembly 12, an
electric motor 14, a transmission 18, a differential assembly 18 and g pair of axle
shafis 20.

0035} With specific reference to Figures 2 and 3, the housing assembly 12

of the example provided includes first and second housing members 30 and 32,
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respeclively, and a pair of axle tubes 34 in which the axle shafts 20 are rotatably
disposed. The housing assembly 12 is configured o handie beaming loads, and
as such, provides the multi-speed electric drive axie 10 with a "beam” or "rigid”
axle configuration. It will be appreciated, however, that the housing assembiy 12
could be configured differently, for example o configure the multi-speed electric
drive axie 10 for use with an independent suspension.

10036} The first and second housing members 30 and 32 have 3 "clam shell”
configuration and cooperate {o define a gearcase that has a transmission cavily
38 and a differential cavity 40 that intersects the differential cavity 40, kach of the
first and second housing membaers 30 and 32 can defing a coupling flange 44, a
differential bearing mount 48, and an axie tube mount 48. The first housing
member 30 can additionally include a motor mount 50. The coupling flanges 44
can be abutled against one ancther and threaded fasteners can be employed o
secure the coupling flanges 44 to one ancther. A gasket or sealant (not shown)
can be disposed between the first and second housing members 30 and 32 {(e.¢.,
contacting the adjacent faces of the coupling flanges 44) so that the first and
second housing members 30 and 32 are additionally sealingly coupled o one
another. Each differential bearing mount 46 is formed inio an in-board side of an
associated one of the first and second housing members 30 and 32 and is
cortfigured to receive a differential bearing 54 therein that supports the differential
assembly 18 for rotation about an output axis 58. Each axle tube mount 48 defines
an axie tube aperture that is configured {0 receive therein an associated one of the

axie tubss 34.



WO 2025/019648 PCT/US2024/038499

0037} Each of the axie tubes 34 can be received into an associated one of
the axle tube apertures and can be fixedly coupled {0 an associated one of the
axle tube mounts 48 in any desired manner. In the example shown, the axie tubes
34 are press-fit into the axie tube apertures and conventional weld slugs (not
specificaily shown) are emploved to inhibit both axial and rotational movement of
the axie fubes 34 along or about the oulput axis 58 relative to the first and second
housing members 30 and 32.

{0038} With reference to Figure 4, the electric motor 14 can be configured
as any type of electric motor and includes a motor housing 64, a stator 86, which
I8 received into and fixedly coupled 1o the motor housing 64, a rotor 68, which is
received in the stator 68 and rotatable relative to the stator 66 about a motor axis
70, and a motor ocutput shafl 72 that is fixedly coupled o the rofor 68. The motor
housing 84 can defing a motor bearing mount (not specifically shown) and a seal
mount. The motor cutput shaft 72 can exiend along the motor axis 70 through the
motor housing 64 and oplionally into the fransmission cavily 38 in the housing
assembly 12. The motor output shaft 72 can be hollow and can define a plurality
of first internal spline teeth 80. A molor bearing 82 can be received between the
motor housing 84 and the motor oculput shaft 72 and can support the motor oulput
shaft 72 for rotation gbout the motor axis 70 relative to the motor housing 64. A
rotary shiaft seal 84 can be mounted on the seal mount and can form a seal
between the motor housing 64 and the molor output shaft 72 that inhibits fluid
fransmission through a motor shaft aperture in the motor housing 64 between the

fransmission cavity 38 and the interior of the motor housing 64, Fasteners (not
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specifically shown) can be employed {o fixedly couple the motor housing 64 to the
motor mount 50 on the first housing member 30, Alternatively, the motor housing
64 could be unitarily and integrally formed with the first housing member 30. The
motor outpui shaft 72 can extend through or be disposed in-line with the motor
shaft aperiure.

10039] As shown in Figures 5 and §, the transmission 16 in the example
provided is a mulli-speed tfransmission, but it will be understood that the
fransmission 16 can be any type of transmission, inciuding a single-speed
fransmission. The particular transmission 16 shown includes a mounting plate 80,
a muiti-speed inpul portion 92 and a single-speed output portion 4. The mounting
plate 80 will be described in more detail below, but it will suffice for now that it is
received in the transmission cavily 38, that it is fixedly coupled o the first housing
member 30 and that a significant portion of the multi-speed input portion 92 is
disposed between the first housing member 30 and the mounting piate 80.

{00407 With reference {o Figures b and 7, the multi-speed input portion 92
includes a first gear 100, a second gear 102, a third gear 104, a first compound
gear 108, an input shaft 108 and a coupling sleeve 110. The first gear 100 can
have gear teeth with a helical gear tooth form that is disposed about a first gear
hub 112, The first gear hub 112 is hollow and can define a plurality of second
internal spline teeth 114, A bearing 116 is mounted between the first housing
member 30 and the first gear hub 112 and supports the first gear 100 for rotation
about the motor ouiput axis 58 The second gear 102 can have gear testh with a

helical gear tooth form thal is disposed about a second gear hub 122, The second
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gear hub 122 is hollow and can define a plurality of third internal spline teeth 124
A pair of bearings 126 are mounted between the mounting plate 90 and the second
gear hub 122 and support the second gear 102 both axially along and radially
about the motor outpui axis 58. The first gear 100 is disposed along the motor
output axis 58 between the motor oufput shaft 72 and the second gear 102
Optionally, a portion of the first gear hub 112 can be received concentrically within
a portion of the second gear hub 122,

{0041} The third gear 104 can have gear teeth with a helical gear tooth form
that is disposed about a third gear hub 132, The third gear hub 132 is hollow and
can define a plurality of fourth internal spline teeth 134 and a plurality of first face
teeth 135 that are formed onto or into an axial end Tace of the third gear hub 132
that faces or is proximate the second gear 102, Bearings 138a and 136b are
employead to rotationally support the third gear 104 for rofation about the molor axis
70. The bearing 136a is mounted between the mounting plate 90 and the third
gear hub 132 proximate the second gear 102, while the bearing 136b is mounted
between the gearcase and the third gear hub 132 on an axial end of third gear 104
that is opposite the bearing 136a.

0042} With reference o Figures 5, 8 and 8, the first compound gear 106
includes a first layshaft 140, a first inlermediate gear 142 and a second
intermediate gear 144, The first layshaft 140 can be hollow and can be supported
on opposite sides by first and second bearings 148a and 146D, respectively, for
rotation about a respective first intermediate axis 148 that is paraillel to but offset

from (i.e., not coincident with) the motor axis 70. The first bearing 1463 can be
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disposed between a first intermediate bearing mount 150 that is formed by the first
housing member 30, and a first end of the first layshaft 140, while the second
bearing 148b can be disposed between a second intermediate bearing mount 152,
which is formed by the mounting plate 90, and a second end of the first layshaft
140 that is opposiie the first end. The first intermediale gear 142 is fixedly coupled
o the first layshaft 140 for rotation therewith about the first intermediate axis 148
and includes gear teeth that are meshingly engaged with the gear {eeth of the first
gear 100, The second intermediate gear 144 is fixedly coupled to the first layshaft
140 Tor rotation therewith about the first intermediate axis 148 and includes gear
teeth that are meshingly engaged with the gear teeth of the second gear 102,

{0043} With reference to Figures 7 and 10, the inpui shaft 108 is received
concentrically through the first, second and third gear hubs 112, 122 and 132 and
is rotatable about the motor axis 70, The input shaft 108 includes a plurality of first
external spling testh 180, which are disposead on a first axial end of the input shaft
108 that is disposed within the molor output shaft 72, a plurality of second exiernal
spline teeth 162, which are spaced apart from the first external spline teeth 160
along the motor axis 70, and a circumferential rib 164 that is disposed between the
first and second external spline teeth 1680 and 162 aglong the motor axis 7. A
lubrication bore 166 can be formed through the input shaft 108 and a plurality of
fubrication passages 168 can be formed through the input shaft 108 so as o
intersect the lubrication bore 166 and extend radially through the input shaft 108
at desired locations. A [ubrication nozzie can be received into the axial end of the

input shaft 108 that is proximate the third gear 104 and can be configured o

10
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dispense a flow of pressurized lubricating fluid inte the lubrication bore 166,
Pressurized lubricating fluid in the lubricatlion bore 166 can be fransmiited {o the
lubrication passages 168 for cooling and/or lubrication of various components,
such as bearings or sliding interfaces, and optionally to communicate pressurized
ubricating fluid into the motor output shaft 72 where it can be employed to cool
and/or lubricate various components of the eleclric motor 14, In the example
provided, the lubrication nozzle is mounied {o an auxiliary cover that is mounted to
a side of the second housing member 32 that is opposite the transmission cavily
38 and the lubrication nozzie neither contacts nor is sealed to the input shaft 108.
{0044} Various bearings can be employed o provide radial support to the
input shaft 108 while permilling axial movement of the input shaft 108 along the
motor axis 70. in the example provided, a first needie bearing 170 is disposed
between the first gear hub 112 and a first cylindrical bearing surface formed on the
input shaft 108, while a second needie bearing 172 is disposed between the third
gear hub 132 and a second cylindrical bearing surface formed on the input shaft
108.

0045} The coupling sleeve 110 can be received concentrically about the
input shaft 108 and is rotatable about the motor axis 70 relative {o the input shaft
108. The coupling sleeve 110 can define a shoulder that can abut a first side of
the circumferential rib 164 on the input shaft 108, An internal snap ring can be
received in a groove formed in the coupling slesve 110 and can abul 3 second
side of the circumferential rib 164 on a side opposite the shoulder. As such,

translation of the input shaft 108 along the motor axis 70 will cause comresponding

11
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franslation of the coupling sleeve along the motor axis 70, The coupling slesve
110 defines a plurality of third exiernal spline teeth 180 and a plurality of second
face teeth 182. The third external spiine teeth 180 are meshingly engaged with
the third internai spline teeth 124 that are formed on the second gear hub 122 to
thereby couple the coupling sleeve 110 to the second gear 102 in a way that inhibit
relative rotation but permits axial sliding movement or translation of the coupling
stegve 110 relative to the second gear 102.

{0046} The input shaft 108 is movable along the motor axis 70 between a
high-speed position (shown in Fig. 11}, a neutral position {(shown in Fig. 12}, and
a low-speed position {(shown in Fig. 13). The first external spiine teeth 160 on the
input shaft 108 are meashingly engaged with the first internal spline teeth 80 on the
motor cutpui shaft 72 (thereby coupling the input shaft 108 o the motor cutput
shafl 72 for rotation therewith about the motor axis 70} in each of the high-speed,
neutral and low-speed positions.

00477 When the input shaft 108 is positioned in the high-speed position as
shown in Fig. 11, the first external spline teeth 180 on the input shaft 108 are
engaged only to the first internal spline {eeth 80 on the molor culput shaft 72, the
second external spline teeth 162 on the input shaft 108 are engaged o the fourth
internal spline testh 134 formed on the third gear 104, and the second face {esth
182 on the coupling sleeve 110 are spaced apart and are disengaged from the first
face testh 135 on the third gear 104. Consequently, rotary power ouiput from the

electric motor 14 (Fig. 1) through the motor oulput shaft 72 is input {o the input

12
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shaft 108 and transmitted to the third gear 104 {o drive the third gear 104 at the
rotational speed of the electric motor 14 (Fig. 1).

10048} When the input shaft 108 is positioned in the neutral position as
shown in Fig. 12, the first external spline teeth 160 on the input shaft 108 are
engaged only to the first internal spline teeth 80 on the motor culput shaft 72, the
second external spline teeth 162 on the input shaft 108 are spaced apart and
disengaged to the fourth internal spline teeth 134 formed on the third gear 104,
and the second face teeth 182 on the coupling sleeve 110 are spaced apart and
are disengaged from the first face teeth 135 on the third gear 104, Consequently,
rotary power output from the electric motor 14 {Fig. 1) through the motor cutput
shaft 72 is input {o the input shaft 108 but is notl transmitted to any of the first,
second and third gears 100, 102 and 104.

{00437 When the input shaft 108 is positioned in the low-speed position as
shown in Fig. 13, the first external spline teeth 180 on the input shaft 108 are
engaged {o both the first internal spline teeth 80 on the motor oulput shaft 72 and
the second internal spline testh 114 on the first gear 100, the second exiernal
spline teeth 162 on the input shaft 108 are spaced apart and disengaged from the
fourth internal spline {eeth 134 formed on the third gear 104, and the second face
teeth 182 on the coupling sleeve 110 are engaged with the first face teeth 135 on
the third gear 104, Consequently, rotary power output from the electric motor 14
(Fig. 1) through the motor output shaft 72 is input {0 the input shaft 108 and
fransmitied to the first gear 100 to drive the first intermediate gear 142 (Fig. 8) to

provide a first speed reduction. The second intermediate gear 144 (Fig. 8), which

13
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rotates with the first intermediate gear 142 (Fig. 8), drives the second gear 102 {o
provide a second speed reduction.  As the coupling slesve 110 is rotalionally
coupied with both the second gear 102 (via the mating engagement of the third
external spline testh 180 with the third internal spline teeth 124} and the third gear
104 (via mating engagement of the second face teeth 182 with the first face teeth
135), the third gear 104 rotates at the rotational speed of the second gear 102,
10050} Returning to Figures & and 8, the single-speed oulput portion 84
receives rotary power from the third gear 104 and includes an cutput gear 200 that
is rotatable about the output axis 58, Optionally, the single-speed output portion
84 can include one or more speed reductions between the third gear 104 and the
output gear 200. In the example provided, the single-speed oulput portion 84
includes a pair of second compound gears 210 that provide the single-speed
output portion 84 with two gear reductions between the third gear 104 and the
output gear 200,

0051} Each of the second compound gears 210 includes a second layshaft
212, a third intermediate gear 214 and a fourth intermediate gear 218. The second
lgyshaft 212 can be hollow and can be supported on opposite sides by first and
second bearings 2208 and 220, respectively, for rotation aboul a respective
second intermediate axis 222 that is parallel {o but offset from {(i.e., not coincident
with) both the motor axis 70 and the culput axis 58. The first bearing 220a can be
disposed between a first intermediate bearing mount that is formed by the first
housing member 30, and a first end of the second layshaft 212, while the second

bearing 220b can be disposed between a second intermediale bearing mount,

14
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which is formed by the second housing member 32, and a second end of the
second layshaft 212 thal is opposile the first end. The third intermediale gear 214
is fixedly coupled o the second layshaft 212 for rotation therewith about the
second intermediate axis 222 and includes gear teeth that are meshingly engaged
with the gear teeth of the third gear 104. The fourth intermediate gear 216 is fixedly
coupied to the second layshaft 212 for rotation therewith aboul the second
intermediate axis 222 and includes gear teeth thal are meshingly engaged with
gear teeth of the output gear 200. In the example provided, the second compound
gears 210 are arranged along the second infermediate axes 222 so thal the third
intermediate gears 214 are disposed farther away from the first gear 100 than the
fourth intermediate gears 216,  Configuration in this manner permits the
fransmission 16 to be relatively compact in an axial direction {(e.g., along the output
axis 58}
00521 With reference {o Figures 5 and 8, the differential assembly 18 can
include a differential input member 230, which is coupled to the oulput gear 200
for rotation therewith, and a pair of differential output members 232 that are
rotatable relative to the differential input member 230 about the oulput axis 58.
The differential assembly 18 can be configured in any desired manner. For
example, the differential assembly 18 could be configured with a bevel gearset
having (siraight) bevel side gears and differential pinions, and the differential input
member 230 could be g differential case that houses the side gears and the
differential pinions.  In the example provided, the differential assembly 18 is

configured as a planetary or epicyclic differential assembly having an internal gear
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(not specifically shown), a sun gear {(not specifically shown), a planet camer (not
specifically shown) and a plurality of sets of planet gears (not specifically shown).
The internal gear can be fixedly coupled to (e.g., unitarly and integrally formed
with} the ouiput gear 200 of the transmission 16, The sun gear iz disposed
concentrically within the intemnal gear and is rolatable about the cutput axis &8.
The planet carrier is rotatable aboui the output axis 58. Each of the seis of planet
gears is meshed with both the internal gear and the sun gear and includes one or
more planet gears that are journally supported by the planet carrier. In situations
where the sels of planet gears comprise two or more planet gears, each of the
planet gears is meshed with another one of the planet gears, one of the planset
gears is meshed with the internal gear, and a different one of the planet gears is
meshed with the sun gear. In the example shown, each set of planet gears
comprises a first planet gear, which is meshingly engaged o the internal gear and
joumnally supported by the planet carmrier, and a8 second planet gear that (s
meshingly engaged to both the first planet gear and the sun gear and which is also
journally supported by the planet cammier. In this configuration, the sun gear and
the planel carrier are the differential oulput members 232 of the differential
assembly 18. The differential bearings 54 can be mounted radially between the
gearcase and hubs {(not specifically shown) formed on the planet carrier to support
the differential input member 230 for rotation about the outpul axis 58, In the
example shown, the differential bearings &4 are tapered roller bearings that
additionally provide support to the differential assembiy 18 in an axial direction

along the output axis 58,
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f0053] With reference {o Figures 2 and &, each of the axie shafts 20 is
received through & corresponding one of the axle tubes 34 and is coupled for
rotation with a corresponding one of the differential output members 232, Various
bearings (not specifically shown) can be employed to support the axie shafis 20
relative to the housing assembly 12, In the example provided, the mulli-speed
electric drive axle 10 has a "full floating” axle configuration in which the axie shafis
20 are rotgtionally coupled to wheel hubs 250 that are supported (axially and
rotationally) on the axle tubes 34 so that the axie shafts 20 transmit rotational
torgue between the differential assembly 18 and an associated vehicle wheel (not
shown) but do not carry the weight of the vehicle. 1 will be appreciated, however,
that the mulli-speed electric drive axie 10 could be configured differently and that
it could have any desired configuration {e.g., semi-flcating, three-quarters fioating,
independent).

{0054} With reference to Figures 3, 8 and 14, the mounting plate 80 includes
a mounting plate body 280, flange member 262, a plurality of bearing mounis (a
bearing mount 284a, a bearing mount 284b and the second intermediale bearing
mount 152}, and a lubrication gallery 266. The flange member 262 is fixedly
couplaed to and exiends about the mounting plate body 260, The flange member
262 is configured to abut an interior or inboard surface of the first housing member
30. A plurality of threaded fasieners can be received through the flange member
262 and can be threadably engaged {o corresponding threaded holes (not
specifically shown) in the first housing member 30 o secure the mounting plate 20

to the first housing member 30. A locating means, such as one or more dowsl pins
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or a pair of roll pins, can be employed {o position or locate the mounting plate 80
relgtive 1o the first housing member 30, The mounting plate body 260 can be
contoured o form a space or cavily that can accommodate the gear testh of the
third gear 104 and the first intermediale gear 142,

[0055] The bearing mount 264a is disposed on a first side of the mounting
plate body 260 (ie., a side thal faces the first housing member 30) and is
configured {o receive one of the bearings 126 that supports the second gear 102.
The bearing mount 164b is disposed on a second, opposite side of the mounting
plate body 280 (i.e., a side that faces the second housing member 32) and is
configurad to receive one of bearings {i.e., bearing 136a) thai supporis the third
gear 104, The second intermediate bearing mount 152 is formed on the first side
of the mounting plate body 260 and is configured o receive the bearing 146b that
supporis the first layshaft 140 of the first compound gear 106,

{0056} With reference {o Figures 14 and 15, the iubrication gallery 2686
includes an inlet port 270, one or more fluid passages {&.¢., fluid passages 272,
274 and 276), and one or more fluid cutlets {e.g., an cullet nozzle 278, and/or one
or more outlet orifices (not specifically shown}). The inlet port 270 is configurad to
be coupled in fluild communication to a source or flow of pressurized lubricating
fiuid. In the example provided, the inlet port 270 Is coupled in fluid communication
{0 a hose 280 that provides pressurized lubricating fluid {o the lubrication gallery
266, The fluid passages are generally configured {o route the pressurized
tubricating fluid through the mounting plate 90 between the iniet port 270 and the

fiuid outlets.  In the example provided, a first fluid passage 272 receives
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pressurized lubricating fluid from the inlet port 270 and transmits the pressurized
tubricating fluid to second and third fluid passages 274 and 2786, respectively, and
o the outlet nozzle 278, The outlel nozzle 278 supplies pressurized lubricating
fluid to both the second intermediate bearing mount 1562 {for lubrication of both the
second bearing 146b and the teeth of the second intermediate gear 144), as well
as to the hollow interior of the first layshafl 140. Pressurized lubricating fluid that
fravels through the first layshaft 140 can be transmitied into the first intermediate
bearing mount 150 and employed {¢ lubricaie both the first bearing 146a and the
teeth of the first intlermediate gear 142, The outlet onfices can be located and
sized {0 provide lubrication in desired areas, such as the bearing 146b andfor the
teeth of the third gear 104, Additionally or alternatively, one or more of the fluid
passages in the mounting plate 90 could transmit pressurized lubricating fluid into
the first housing member 30, for example for lubncation of various bearings (e.g.,
the bearings that are mounted in the first housing member 30 and support the
second compound gears 210}, and/or gear mashes.

005877 With reference to Figures 186 through 19, the multi-speed input
portion 22 of the transmission 16 can further include an actuator assembly 300
that is configured to move the input shaft 108 between the high-speed, neutral and
low-speed positions. The actuator assembiy 300 can be configured in any manner
desired, but in the particular example provided, includes an output assembly 302,
alead screw 304, a coupler 308, first and second actuator bearings 308 and 310,

and an actuator motor 312.
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0058} The outpul assembiy 302 can include a bearing 320 and an axially
movable member 322, The bearing 320 can be received over the input shaft 108
and can be abutted against a shoulder that is formed on the input shaft 108, The
axially movable member 322 can extend between the motor axis 70 and a
rotational axis of the lead screw 304 and can define a bearing aperture and a
coupier mount 330 that are disposed on its opposite ends. The bearing 320 is
received in the bearing aperiure and can be fixedly coupled to the axially movable
member 322 in any desired manner. in the example provided, an internal snap
ring is mounted intc a snap-ring groove that is formed info the axially movable
member 322 concentric with the bearing aperture b4 and on an axial end of the
bearing 320 that is opposite the axial end of the bearing 320 that abuts the shoulder
on the input shaft 108. Accordingly, the axially movable member 322 is coupled
o the input shaft 108 in & manner that inhibils relative axial movement between
the axially movable mamber 322 and the input shaft 108 but which permits rotation
of the input shaft 108 relative to the axially movable member 322.

[0058] The lead screw 304 is rotatably disposed about a lead screw axis
and includes a lead screw input 340 and an extarnally threaded portion 342.
100807 The coupler 306 can have an internally threaded hub 350 and &
mounting flange 352 that can be mountad to the coupler mount 330, The internally
threaded hub 350 can be threaded onio the externally threaded portion 342 ¢of the
lead screw 304, | will be appreciated that the mounting flange 352 and the coupler
mount 330 can be configured in any desired manner. In the example provided, the

mounting flange 352 has a non-circular cross-sectional area (taken perpendicular
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o the longitudinal axis of the internally threaded hub 350} and the coupler mount
330 defines a slot into which a portion of the mounting flange 352 is received 50
that the mounting flange 352 is axially and non-rofatably coupled to the coupler
mount 330. Accordingly, rotation of the lead screw 304 causes corresponding
fransiation of both the coupler 306 and the output assembly 300,

10061} The first and second bearings 308 and 310 can be mounted {o the
gearcase and can support the lead screw 304 for rotalion about the lead screw
axis.

{0062} The actuator motor 312 is configured o provide rotary power o drive
the lead screw 304 about the lead screw axis. The actuator motor 312 can be
directly coupled o the lead screw input or a speed reduction, such as a reduction
gearset, can be disposed belween the actuator motor 312 and the lead screw
input.  In the example provided, a reduction gearset that ulilizes bevel gearing is
employad. More specifically, the reduction gearsel comprises an actuator input
gear 360, which is directly driven by the actuator motor 212 about an axis that is
perpendicular to the lead screw axis, and an actuator output gear 262 that is
meshingly engaged with the actuator input gear 360 and rotatable about the lead
screw axis. It will be appreciated that the reduction gearset could be configured
differently and nead not utilize bevel gearing. The actualor culput gear 362 can
be coupied to the lead screw inpul in any desired manner. For example, the
actuator output gear 362 can be directly coupled to the lead screw input so that
the lead screw 304 rotates directly with the actuator output gear 362, Alternatively,

a torsionally resilient coupling could be employed between the acluator cutpul gear
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362 and the lead screw input 340 o provide compliance in one or both rotational
directions between the acluator output gear 362 and the lead screw 304, In the
exampie provided, a torsionally resilient coupling permits the actuator output gear
362 o rotate in instances where the input shaft 108 is not able to translate (e.q.,
due to: 1) tooth-on-tooth contact between one of the sets of exiernal splines on the
input shaft and one of the sets of internal splines on one of the first or third gears
or between the first and second face teeth; or 2) the magnitude of the torque that
i exerted through the input shaft 108, i.e., torgue loading).

{0063} With reference o Figures 16 and 19 through 22, a park-lock
mechanism 400 can be incorporated into the mulli-speed electric drive axle 10
(Fig. 1). In the example provided, the park-lock mechanism 400 is configured o
inhibit rotation of the third gear 104 {o inhibil rotation of the differential input
member 230 (Fig. 5) and thereby inhibit rotation of the differential output members
232 (Fig. B). The park-lock mechanism 400 can inciude a park-lock gear 402, a
pivot pin 404, a park pawl 406, and a park-lock plunger assembly 408,

{0064} The park-lock gear 402 can be fixaedly coupled o the third gear 104
and can define a pluralily of park-lock teeth and a plurality of valleys 420 that are
each disposed circumferentially between an associated pair of the park-lock teeth.
The pivot pin 404 can be fixedly coupled to the second housing member 32, Inthe
example provided, the pivotl pin 404 is mounied on a bracket 424 that is in tumn
mounted {0 the second housing member 32, Any desired means can be employed
to control the position and orientation of the bracket 424 reigtive o the second

housing member 32. in the example provided, a pair of pins 426 are mounied {o
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ihe bracket 424 and are received into corresponding holes in the second housing
member {o both position the pivot pin 404 at a desired location and o inhibit
rotation of the bracket 424 relative to the second housing member 32. One or
more threaded fasteners can be empiloyed o secure the bracket 424 to the second
housing member 32,

10065} The park paw! 406 includes 3 pawl body 430 which is pivotally
mounted on the pivol pin 404, and a pawl member 432 that is fixedly coupled to
the pawl body 430. The pawl body 430 can pivot relative 1o the park-lock gear 402
between a first or locked position, in which the park pawl 406 is received inio a
valley 420 to thereby inhibit rotation of both the park-lock gear 402 and the third
gear 104 about the molor axis 70, and a second or unlockad position in which the
park pawl 406 is disengaged from the park-lock gear 402 and does not inhibit
rotation of the park-lock gear 402 about the motor axis 70, The park-paw! 4086 can
optionally include a guide structure 438 that can be mounted {o the second housing
member 32. The guide structure 438 can have a guide member that can guide the
pawl body 430 as it moves between the first and second positions. Movement of
the guide structure 438 caused by corresponding movement of the plunger 450
cait cause corresponding pivoling motion of the pawl body 430 about the pivot pin
404,

0086} A biasing spring, such as a torsion spring 440, can be empioyed to
bias the pawl body 430 into the second position.  In the example provided, the
torsion spring 440 has a helically coiled portion that is received over the pivot pin

404 and disposed between two arms. An end of a first one of the arms is mounted
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to the bracket 424, while an end of the other one of the arms is mounted o the
pawl body 430, A feature, such as a head or @ washer, can be formed on or
coupied to the pivot pin 404 to trap the helically coiled portion of the torsion spring
440 on the pivol pin 404 on a side of the bracket 424 that is opposite the park pawl
408.

10067} The park-iock plunger assembly 408 can include a plunger 450, an
input member 452 and a compliance spring 454, The plunger 450 is movable
along an axis that is parallel o the motor axis 70 and has a generally cylindrical
first plunger portion, a generally cylindrical second plunger portion and a transition
portion that tapers between the first and second plunger portions. The first plunger
portion has a first diameter, the second plunger portion is spaced apart from the
first plunger portion and has a second, larger diameter, and the transition poriion
is disposed and {apers between the first and second plunger portions so that the
fransition portion has a frustoconical extenor surface. The plunger 450 can be
fransiated between a first plunger position, in which the first plunger portion is in
contact with the park pawl 406, and a second plunger position in which either the
fransition portion or the second plunger portion is in contact with the park pawl 406,
The first plunger portion is sized so that the pawl body 430 of the park pawl 4086 is
disposed in the second position when the first plunger portion is engaged o
{(directly contacts) the pawl body 430, Transiation of the plunger 480 from the first
plunger position to the second plunger position causes relatively larger portions of
the plunger 450 to contact the pawl body 430, which pivots the pawl body 430

toward the second pawl position.
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0088} The input member 452 is movable about the transiation axis of the
plunger 450 and can be moved in any desired mannear. In the example provided,
an electric park-lock motor 460 and 3 manual park-lock input lever 462 are
provided as alternative or redundant inpuis for the operation of the park-lock
mechanism 400, while an output lever 464 is employed to coordinate movement
of the input member 452, More specifically, the output lever 464 is coupled to the
input member 452 and is pivolably coupled to the second housing member 32 for
movement baetween a first input position and a second input position. The manual
park-lock input lever 462 is fixedly coupled to a portion of the oulput lever 4564 that
extends through the second housing member 32 {i.2., so that the manual park-lock
input lever 462 is disposed outside the gearcase). Pivoling motion of the manual
park-lock input lever 462 about the pivol axis of the oulput lever 464 causes
corresponding pivoling motion of the output laver 464 about the pivot axis of the
output lever 464, The eleclric park-lock motor 460 s mounted o an exterior
surface of the second housing member 32 and includes an oulput shaft 470 that
exiends into the transmission cavity 38. An intermediate lever 472 is coupled to
the output shaft 470 of the electric park-lock motor 480 and can be moved by the
electric park-lock motor 460 about the rolational axis of the culput shaft 470
between a first intermediate lever position and a second inlermediate lever
position. An end of the intermediate lever 472 that is opposite the output shaft 470
includes a pin that is received into a slofted aperture in the oulpul lever 464,
Movement of the intermediate lever 472 from the first intermediate lever position

o the second intermediale lever position (in response to rotation of the cutput shaft
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470} causes pivoling motion of the output lever 464 about its pivot axis from the
first input position to the second input position. The siolted aperture in the output
lever 464 permits the output lever 464 to be moved about its pivot axis from the
first input position to the second input position without corresponding motion of the
intermediate lever 472.

10069} The compliance spring 454 is disposed between the input member
452 and the plunger 450 and permits the pawl body 430 to push the plunger 450
away from the pawl body 430 when the output lever 464 is disposed in the second
input position. |t will be appreciated that placement of the cutput lever 464 in the
second input position places the input member 452 info a position that would
ordinarily position the plunger 450 in the second plunger position.  However, in
situations where the paw! member 432 is not able {o drop into a valley 420 or
remain in a valiey 420, the park paw! 406 can transiate the plunger 450 toward the
compliance spring 454 to compress the compliance spring 454 so that the park-
lock gear 402 is able {o rolate.

{0070} Significant portions of both the actuator assembly 300 and the park-
tock mechanism 400 can be assembiled to the second housing member 32 before
it is assembled to the first housing member 30 to close the transmission cavily 38
and the differential cavity 40. In this regard, all or portions of the reduction gearset
{(e.g., the actuator input gear 360 and the actualor output gear 362 in the example
provided), the bearings 308 and 310, the lead screw 304, the lorsionally resilient
coupiing {if included) and optionally the coupler 306 and/or the actuator motor 312

of the actuator assembly 300 can be installed to the second housing member 32
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prior to the mounting of the second housing member 32 {o the first housing member
30. Additionally or alternatively, all of the components of the park-lock mechanism
400 except for the park-lock gear 402 can be assembied to the second housing
member 32 prior {o the mounting of the second housing member 32 to the first
housing member 30,

10071} With reference to Figures 23 through 27, an alternative actuator
assembly 300a is ilustrated. The actuator assembly 300a is configured {0 move
the input shaft 108 between the high-speed, neuiral and low-speed positions, but
is configured o provide a modicum of compliance in shifting, as will be explained
in more detail below, and {o permit the input shaft 108 {o be biased foward the
high-speed position in situations where electrical power {0 the actuator assembly
300a has been interrupted. The actuator assembly 300a can includes an cutput
assembly 302a, a ball screw 304a, a coupler 3083, first and second actuator
bearings 308 and 310, and an actuator motor (not specifically shown), Except as
described below, the ball screw 304a and the coupler 308a can be generally similar
o the lead screw 304 and the coupler 308 described above. It will be appreciated,
however, that the ball screw 304a and the coupler 308a define external and
internal tracks, respectively, belween which a plurality of spherical balls are
disposed and that rotation of the ball screw 304a will cause commensurate linear
movement of the coupler 3083 along the axis of the ball screw 304a.

0072} The oulput assembly 30Z2a can include a bearing 320, an axislly
movable member 322a, and a pivot fork assembly 500, The bearing 320 can be

received over (L.e., mounted on) the input shaft 108 and can be abutted against a
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shouider that is formed on the input shaft 108, The axially movable member 322a
can include a sleeve member 322a-1, which can be mounted to the cuter bearing
race of the bearing 320 and can be disposed concentrically about the input shaft
108, and one or more connecling elements {not specifically shown) that couple the
slegve member 322a-1 0 the input shaft 108 in a manner that permits relative
rotation but limits or inhibits relative axial movement along the motor axis 70, In
the example provided, the connecting element(s) are formed of wire with a circular
cross-sactional shape and includes a semi-circular body (not specifically shown),
which is received info a circumferantially-extending groove in the input shaft 108,
and a pair of ears {(not specifically shown) that extend radially outwardly from the
opposite ends of the semi-circular body through first connacting element apertures
formed through the circumferential wall of the sleeve member 322a-1.

{0073} The pivot fork assembly 500 can include a first fork member 510, a
second fork member 512, a plurality of first pivot pins 514, a second pivet pin §16,
a pair of connecting pins 518, and one or more compliance springs 520, The first
fork mamber 510 can defing a pair of first pivot pin mounts §30, a second pivot pin
mount 532, a pair of first connecting pin apertures 534 and a first compliance spring
mount 538. The second fork member 512 can define a third pivot pin mount 540,
a pair of second connecling pin apertures 542, a pair of second connecting
element gpertures 544, and a second compliance spring mount 546,

f0074] Each of the first pivol pins 514 can be received through a
corresponding one of the first pivot pin mounts 530 and into a respective first pivot

pin aperture (not specifically shown) formed in the coupler 306a to pivotally couple
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a first end of the first fork member 510 {o the coupler 306a for pivoling movement
about the rotational axis of the ball screw 304a,

f0075] The second pivot pin 516 can be received through apertures (not
specificaily shown) in the second pivot pin mount 532 and the third pivot pin mount
540 to pivotally couple the first and second fork members 510 and 512 {o one
ancther for pivoting movement about a longitudinal axis of the second pivot pin
516,

{0076} Each of the connecling pins 518 can be disposed through an
associated set of the first and second connecting pin apertures 534 and 542, The
conneacting pins 518 and the first and second connecting pin apertures 534 and
542 can cooperate (o control and Himit pivoling motion of the second fork member
512 about the second pivot pin 516 relative 1o the first fork member 510 in first and
second pivot directions. In the example provided, the first connecling pin aperiures
534 in the first fork member 510 are round in shape and are configured to engage
the connecting pins 518 in an interference fit (e.g., press-fit) manner, while the
second connecting pin apertures 542 in the second fork member 512 are siotied.
Accordingly, the connacting pins 518 are able to travel within the slots of the
second connecting pin apertures 542 when the second fork member 512 pivots
about the second pivol pin 5186 relative to the first fork member §10.

0077} The second connecting element apertures 544 can be positioned on
opposite sides of the sleeve member 322a-1 and can have a slotted shape. The
ears of each connecting element can be received through a corresponding one of

the second connecting slement apertures 544, The sictied shape of the second
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connecting element apertures 544 permits the second fork member 512 (o move
relative to the ears of the conneacting element when the second fork member 512
is pivoted about the second pivot pin 516 and exert a force o the ears that is
directed along the motor axis 70.

10078} The compliance spring{s) 520 can be mounted on the first and
second compliance spring mounts 536 and 546 and can bias the second fork
member 512 about the second pivot pin 516 in the first pivot direction. Engagement
between the connecting pins 518 and an {(upper) end of the slotls of the second
conneacting pin apertures 542 can limit the extent to which the second fork member
512 pivots about the second pivol pin 516 relalive 1o the first fork member 510.
{0079] in operation, the ball screw 304a can be rotated (i.e., through rotation
of the actuator motor and if included, a reduction gearset) to cause translation of
the coupler 306a along the ball screw 304a. Transiation of the coupler 308a
causes corresponding pivoling motion of the first fork member 510 about the first
pivat pins 514 relative {o the coupler 304a. In instances where tooth-on-{ooth
contact does not occur so that the input shaft 108 is able to transiate freely along
the motlor axis 70, the second fork member 512 moves with the first fork member
510 about the first pivot ping 514, which causes corresponding transiation of the
compliance springs 520 which fends {o cause corresponding transiation of the
cormnecting slement along the motor axis 70 o thereby move the slegve member
322a-1 and the input shaft 108 along the molor axis 70. In instances where the
input shaft 108 is not able to move freely aiong the motor axis 70 {e.g., due o

tooth-on-tooth contact or torque-lock), the second fork member 512 will not be able
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o fully pivot with the first fork member 510 about the first pivot pins 514, In such
cases, relative pivoling motion about the second pivot pin 518 will occur between
the first and second fork members 510 and 512, causing corresponding
compression of the compliance spring(s) 520. The compression of the compliance
spring(s) 520 generales a force that is applied through the second fork member
512 and the axially movable member 322a to the input shaft 108. This force is
maintained until such time that the input shaft 108 is able to translate along the
motor axis 70 {0 a desired one of the high-speed, neutral and low speed positions
associated with the positioning of the coupler 306a along the ball screw 304a. it
will be appreciated that movement of the input shaft 108 caused by the force
exerted by the compliance spring(s) 520 will cause pivoting motion of the second
fork mamber 512 about the second pivot pin 516 o retum the second fork member
512 to its "normal” position relative to the first fork member §10.

00807 A biasing spring 550 can be provided {0 generate a biasing force that
can be applied, either directly or indirectly, to the input shaft 108 to urge the input
shafl 108 into the high-speed position. In the example provided, the biasing spring
550 is 3 compression spring that is disposed between the ball screw 304a and the
coupler 306a. If desired, a thrust washer or bearing 552 can be disposed belween
an end of the biasing spring 550 and an associated one of the ball screw 3043 and
the coupler 306a. Due to the relatively low friction of the conneclion between the
ball screw 304a and the coupler 308s, the force exerted by the biasing spring 550
onto the baill screw 304a and the coupler 306a causes corresponding rotation of

the ball screw 304a relative to the coupler 306 that posilions the coupler 308a
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along the ball screw 304a in a location that is associated with the placement of the
input shaft 108 in the high-speed position.

10081} The foregoing description of the embodiments has been provided for
purposes of illustration and description. It is not intended to be exhaustive or to
imit the disclosure. Individual elements or features of a particular embodiment are
generally not limited to that particular embodiment, but, where applicable, are
interchangeable and can be used in a selected embodiment, even if not specifically
shown or described. The same may also be varied in many ways. Such variations
are not i{o be regarded as a departure from the disclosure, and all such

modifications are intended to be included within the scope of the disclosure.
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IN THE CLAIMS:

1. An actuator assembly configured to be coupled 0 a multi-speed electric
drive axie, comprising:
an output assembly, including an axially-movably member configured to
couple to a mulli-speed input portion of the muili-speed electric drive axie;
a ball screw having an externally-threaded portion;
a coupler, attached 1o the axially-movable member, having an internally
threaded hub that meshingly engages the externally-threaded portion of the
ball screw such that rotation of the ball screw linearly moves the coupler

and the axially-movable member.

2. The actuator assembly recited in claim 1, wherein the axially-movable
member moves the mulli-speed input portion of the mulli-speed electric drive axie

parailel to a motor axis of an electric motor propelling a vehicle.

3. The actuator assembly recited in claim 1, wherein the mulli-speed input
portion of the mulli-speed electric drive axle includes a first gear and a sscond

gear.

4, The actuator assembly recited in claim 1, wherein the mulli-speed input
portion of the mulli-speed elactric drive axle is a motor axis of an eleclric motor

propelling a vehicle.

5. The actuator assembly reciled in claim 1, wherein the axially-movable
member moves the multi-speed inpul portion of the multi-speed eleclric drive axie

paraiiel to a motor axis of an electric motor propelling a vehicle.
8. The scluator assembly recited in claim 1, wherein the mulli-speed input

portion of the mulli-speed electric drive axle includes a first gear and a second

gear.

33



WO 2025/019648 PCT/US2024/038499

7. The actuator assembly recited in claim 1, wherein the multi-speed inpul
portion of the mulli-spesd sleclric drive axie is a motor axis of an electric motor
propelling a vehicle.

8. An actuator assembly configured {0 be coupled to a mulli-speed electric
drive axie, comprising:
an output assembly, including an axially-movably member configured o
couple to a multi-spead input portion of the muiti-speed electric drive axie,
a ball screw having an externally-threaded portion;
a coupler, attached 1o the axially-movable member, having an intemally
threaded hub that meshingly engages the externally-threaded portion of the
ball screw such that rotation of the ball screw linearly moves the coupler
and the axialiy-movable member;
a biasing spring configured to apply a biasing force to the multi-speed input
portion of the multi-speed electric drive axie to urge the multi-speed input
portion into a high-speead position.

Q. The actuator assembly recited in claim 8, wherein the biasing spring is

disposed betweean the ball screw and the coupler,

16, The actuator assembiy recited in claim 8, wherein the biasing spring causes

rotation of the ball screw relative to coupler.

1. An actualor assembly configured o be coupled to a multi-speed electric
drive axie on a vehicle, comprising:
a ball screw having an externally-threaded portion;
a coupler having an intemally threaded hub thal meashingly engages the
externally-threaded portion of the ball screw such that rotation of the ball

screw linearly moves the coupler;
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an axially-movable member configured {0 couple to a multi-speed nput
portion of the multi-speed eleciric drive axie and the coupler;
a pivot fork assembly comprising:

a first fork member;

a second fork member;

at least one first pivot pin pivotably coupling a first end of the first fork
member to the coupler;

a second pivol pin pivolably coupling the first fork member to the
second fork member;

a pair of connacting pins that pivotably couple the first fork member
{¢ the second fork member; and

one or more compliance springs that bias the second fork member

about the second pivot pin in a first pivot direction.
12, The acluator assembly recited in claim 11, wherein the pair of connecting
ping limits pivoling motion of the first fork member relative o the second fork

member.

13, The actuator assembly recited in claim 11, further comprising a first

connecting pin aperture receiving one of the connecting pins.

14, The aclugtor assembly recited in claim 13, wherein the first connecling pin

aperture is round.

15, The actuator assembly recited in claim 11, further comprising a second

connecting pin aperture receiving the connecling pins.

16.  The actuator assembly recited in claim 15, wherein the second connecling

pin aperture is siotied.
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17.  The acluator assembly recited in claim 11, further comprising @ biasing
spring configured to apply a biasing force to the multi-speed input portion of the
multi-speed eleciric drive axie o urge the multi-speed electric drive axle inte a
high-speed position.

18.  The actuator assembly recited in claim 17, wherein the biasing spring is
disposed between the ball screw and the coupler,

19, The actuator assembly recited in claim 17, wherein the biasing spring
causes rotation of the ball screw relative to coupler.
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