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(57) Abrége/Abstract:

The present invention Is directed to an electronic actuator for use In a vehicle transmission such as a four wheel drive transfer
case. In one preferred embodiment, the transfer case includes two separate electronic actuators, a range shift actuator which is
utilized to effect shifting of the transfer case between high range, neutral, and low range drive positions, and a clutch actuator
which Is utilized to control engagement of a clutch between two wheel drive, automatic ("on demand" four wheel drive), and "part
time" four wheel drive operating modes. The range shift actuator includes a rotary electric motor coaxially mounted relative to a
rear output shaft of the transfer case, and a linear screw for translating the rotational movement of the motor shaft to selective
axlal movement of a range shift sleeve. The clutch actuator Iis similar to the range shift actuator except that, since the torgue
requirements necessary to bias the clutch are substantially greater than that necessary to effect the range shift, the clutch
actuator Includes additional gear reduction to enable the actuator to generate a sufficient axial force to fully engage the clutch.
The actuators do not draw any current load after they have moved to their controlled positions and, because the linear screws
can not be back driven, their previously set positions are maintained in the event of motor failure or power loss.
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ABSTRACT OF THE DISCLOSURE

The present invention is directed to an electronic
actuator for use in a vehicle transmission such as a four
wheel drive transfer case. In one preferred embodiment,
the transfer case includes two separate electronic
actuators, a range shift actuator which is utilized to
effect shifting of the transfer case between high range,
neutral, and low range drive positions, and a clutch
actuator which is utilized to control engagement of a
clutch between two wheel drive, automatic ("on demand" four
wheel drive), and "part time" four wheel drive operating |
modes. The range shift actuator includes a rotary electric
motor coaxially mounted relative to a rear output shaft of
the transfer case, and a linear screw for translating the
rotational movement of the motor shaft to selective axial
movement of a range shift sleeve. The clutch actuator is
similar to the range shift actuator except that, since the
torque requirements necessary to bias the clutch are
substantially greater than that necessary to effect the
range shift, the clutch actuator includes additional gear
reduction to enable the actuator to generate a sufficient
axial force to fully engage the clutch. The actuators do
not draw any current load after they have moved to their

controlled positions and, because the linear screws can not

be back driven, their previously set positions are

maintained in the event of motor failure or power loss.
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TITLE

ELECTRONIC SHIFT OR CLUTCH ACTUATOR
FOR A VEHICLE TRANSMISSION

BACKGROUND OF THE INVENTION

The present invention relates generally to vehicle
transmissions and, in particular, to a vehicle transmission
such as a four wheel drive transfer case which includes an
electronic actuator for effecting shifting or clutch
engagement.

Four wheel drive (4WD) systems for vehicles are
becoming increasingly popular, due to the enhanced traction
capabilities that such systems can provide in inclement
weather or off highway conditions over conventional 2WD
systems. Such 4WD systems generally include a torque
transfer case which can either be integral with or separate

from the main transmission. The torgque transfer case can
include an input shaft connected to the output of the mailn
transmission, a rear output shaft connected to drive the
vehicle rear wheels, a front output shaft connected to
drive the vehicle front wheels, and means for drivingly
connecting the input shaft to the front and rear output
shafts.

In one type of 4WD system known as a "part time"
system, when in a 4WD mode, there is a direct drive
connection between the front and rear output shafts of the
'transfer case. This direct live connection does not permit
the transfer case to accommodate different front and rear
wheel speeds which can occur when turning the vehicle.
Accordingly, the 4WD mode is generally used only on a '"part
time" basis, such as when lower friction road surface
conditions, e.g., wet or snow covered pavement, may require
increased traction capabilities. When turning the vehicle

under these conditions, the lower friction road surface
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allows a limited amount of slip between the slightly faster
spinning front wheels and the road surface. Otherwise,
turning such a vehicle on a higher friction surface, such
as dry pavenrent, results in what is Kknown as "front wheel
hop".

The transfer case also generally includes a shifting
means operable by the vehicle driver for selecting whether
the vehicle is to be operated in either a 2WD or "“part
time" 4WD mode. Also, such shifting means often enables
the driver to select between a "high range" 4WD mode and a
"low range" 4WD mode. In the past, such shifting means
typically included an all-mechanical arrangement wherein a
driversoperated shift lever was coupled to axially shift
(via a shift fork) an internal shift sleeve in transfer
case between the various operating modes. More recently,
"part time" 4WD transfer cases haVe been provided with
electronlc actuators for effecting the above shifting

_operatlons..

Some vehicles are provided with a "full time" 4WD

Tsystem whiCh.iS'permanently engaged in all driving
.cdhditions. In this type of systenm, which has become known

.' es'an'"a11 wheel drive" (AWD) systenm, the transfer case 1is

= ""'dlfferent front and rear wheel speeds when turning the

.'. genera11y prov1ded with an interaxle d1fferent1a1 for
"d1v1d1ng torque between the vehicle front and rear

dlfferentlals. The interaxle differential accommodates

"'   veh1c1e,.and thus enables the system to remain permanently

""” §engaged in all operatlng conditions. Also, in order to

e .', ]tprevent exce551ve sllpplng between the front and rear
tf~:e ?sfiso
. engageable clutch means which is operative to lock the

?fwheels, and transfer cases typlcally include a selectively

.  ~gt1nterax1e dlfferentlal upon sen51ng a predetermlned

.'-f“sllppage between the front and rear output shafts of the
ﬁwﬁ_,w- f, §jtransfer case.
7 O T
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SUMMARY OF THE INVENTION

The present invention is directed to an electronic
actuator for use in a vehicle transmission such as a 4WD
transfer case. In one preferred embodiment, the transfer
case includes two separate electronic actuators, a range
shift actuator which is utilized to effect shifting of the
transfer case between high range, neutral, and low range
drive positions, and a clutch actuator which is utilized to
control engagement of a clutch between 2WD, automatic
(i.e., “on demand" 4WD), and "part time" 4WD operating
modes.

The range shift actuator includes a rotary electric
motor coaxially mounted relative to a rear output shaft of
the transfer case. The motor includes a hollow motor shaft
surrounding the output shaft. Further, an axially
shiftable and non-rotatable hollow shift sleeve surrounds
the output shaft and is movable between a first axial
position wherein the transfer case operates in the high
range mode, through a neutral position, and into a second
axial position wherein the transfer case operates in the
low range mode. In order to effect axial shifting of the
shift sleeve, means (such as a linear screw) are provided
for translating the rotational movement of the motor shaft
to selective axial movement of the shift sleeve. More
specifically, in the preferred embodiment, the motor shaft
is provided with an axially extending first threaded
portion adapted to engage a second axially extending
threaded portion provided on the shift sleeve. Thus,
rotary motion of the motor shaft is translated into axial

‘movement of the shift sleeve.

In the preferred embodiment of the invention, a .
rotation stop is incorporated into the motor and defines

'~ the low range shift position when the motor 1is rotated

fully in one direction to engage the stop, and defines a
high range shift position when the motor 1s rotated fully
in an opposite direction to engage the stop. Also, in
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the shift sleeve encounters some temporary resistance when
attempting to effect a shift, the shift sleeve incorporates
a dual sleeve arrangement, which includes a spring biased
lost motion connection.

The clutch actuator is similar in operating principals
to the range shift actuator except that, since the torque
requirements necessary to bias the clutch are substantially
greater than that necessary to effect the range shift, the
clutch actuator includes additional gear reduction to
enable the actuator to generate a sufficient axial force to
fully engage the clutch.

One particular advantage of the above described
actuators is that, once the desired shift is made (via the
range shift actuator) or the desired amount of clutch
engagement is set (via the clutch actuator), no further
electric current needs to be supplied to the actuators to

;‘malntaln their set posmtlons, since the inherent frictional

characteristics of the linear screw structure prevent the
actuators from being back driven. Thus, in the event of a
motor failure or loss of electrical power, the previously

set actuator positions will be maintained.

Another advantage of the present clutch actuator
relates to the precise control which can be achieved when

-.'the system is operated in the "on demand" 4WD mode.

invention, will become readily apparent to one skilled in

 '.  30.

The above, as well as other advantages of the present

'-the°art from reading the following detailed description 1in
1c¢njunction with the attached drawings.

" BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is'a top plan view of a four wheel drive system

' q,including a electrOnically controlled transfer case having

~the features of the present invention;
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FIG. 2 1s a schematlc diagram of the internal

'dbmponents of the transfer case of FIiG. 1l;

[



10

15

20

25

5 AN RRK

FIG. 3 is a sectional view through the transfer case
of FIG. 1;

FIG. 4 is an enlarged fragmentary sectional view of
the portion of FIG. 3 which illustrates the range shift
actuator;

FIG. 5 is a sectional view taken along the line 5-5 of
FIGS. 3 and 4 and illustrating the rotational stop
incorporated in the range shift actuating motor;

FIG. 5a is a sectional view taken along the line 5a-5a
of FIG. 5;

FIG. 6 is an enlarged fragmentary sectional view of
the portion of FIG. 3 illustrating the clutch actuator; and

FIG. 7 is a schematic diagram illustrating a second

‘example of a transfer case which can utilize the range

shift actuator of the present invention in conjunction with
an all wheel drive systen.

_ DESCRIPTION OF THE PREFERRED EMBODIMENT
Referrlng first to FIG. 1, there is shown a vehicle

'four wheel drive system‘whlch utilizes a transfer case

1ncorporat1ng the electronic actuators of the present

invention. As shown in FIG. 1, a transfer case 10 is

secured to the rear of a main transmission 12 (shown 1n

,phantom) whlch in turn is coupled to a drive engine 14
(also shown in phantom). As will be discussed, the

transmission 12 is provided with an output shaft which 1is

.;COupled to an input shaft of the transfer case 10. The

transfer case 10 includes a rear output shaft which is

*connected at 16 to a rear drive shaft 20 which in turn

. 3 is connected to a rear differential. The rear differential

18, which can be a limited slip type, divides torque from

the drlve shaft 20 between the rear wheels 21 and 22.
The transfer case 10 is provided with a front output

shaft Wthh is connected at 23 to a front drive shaft 25

'whlch in turn is connected to a front differential 24. The

front dlfferentlal 25, which can also be a limited slip

type, leldes torque received from the front drive shaft 25
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between front axles 26 and 27 which are connected to
vehicle front wheels 28 and 29 by automatic hub locks 30
and 31, respectively. The hub locks can be vacuum

actuated.

Also shown in FIG. 1 are certain electrical
connections (shown as dashed lines) to
a microprocessor-based electronic control which 1is
represented by a block 32. The transfer case can be
operated in various operating modes as selected by the
vehicle driver via control switches 33 and 34, which are
typically located in the vehicle interior within convenient
reach of the driver. The one switch 33 is used to shift
the transfer case between high range, neutral, and low
range:'while the second switch 34 allows the driver to
select between three different operating modes: two wheel
drive (2WD), "on demand" four wheel drive (AUTO), and "part
time" four wheel drive (4WD). Each switch can include
three separate status lights to provide a visual indication
to the driver of the present operating mode. Also, when
effecting a mode change such as a range shift, the
respective light can be flashed until the shift 1is
complete. In addition to being connected to control the
transfer case in a manner as will be discussed, the control
is also connected to generated activation signals to the
hub locks 30 and 31 when the "on demand" or "“part time"
operating modes are selected.

To effect the desired control of the transfer case and
the hub loCks 30 and 31, the control 32 1s connected to
receive a plurality of input signals. The control 32
reCeives-signals representing the individual front wheel

speeds from separate speed sensors 35 and 36, and a signal

representing an average rear wheel speed (vehicle road
speed) from a single rear speed sensor 37 located at the

- rear differential 18 or, alternatively, in the transfer

case 10. The speed sensors 35, 36 and 37 can be part of an

 ABS (anti-brake system) control, or they can be provided

'solely for use in controlling the transfer case. As will
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in the "AUTO" mode to determine front steering angle which,
in conjunction with the vehicle road speed, functions to
determine the acceptable slip threshold of the rear wheels.
In some situations, the two front sensors 35 and 36 may be
replaced with a single front speed sensor located in the
transfer case and then, if desired, obtain the steering
angle information from another source (such as the steering
gear) .

The control 32 also receives a status signal from the
transmission 12 which informs the control when the main
transmission is in a "neutral" mode. As will be discussed
the system only allows a shift between high and low range
4WD and neutral when the transmission 12 is in neutral. The
control further receives a brake status signal from the
vehicle brake system indicating when a brake pedal 38 has
been actuated. The control 32 can also be configured to
supply a status signal to an ABS controller 39 to indicate
when the system is operating in either the high or low 4WD
modes.

Referring now to FIG. 2, there is shown a schematic
diagram of the internal components of the transfer case 10
of FIG. 1, and which incorporates an electric range shift
actuator, generally indicated at 41, and an electric clutch
actuator, generally indicated at 42, constructed in
accordance.with the present invention. As shown in FIG. 2,
the transfer case 10 includes an input shaft 43 coupled to
the output shaft of the vehicle transmission 12 (shown 1n
FIG. 1), a rear output shaft 44 for connection to the rear
drive shaft 20, and a front output shaft 45 for connection
to the front drive shaft 25.

The input shaft 43 is rotatably supported at the
forward end of a transfer case housing 46 and incorporates
a sun gear 47 which forms part of a planetary gear
reduction assembly, generally indicated at 48, used to
achieve the low gear operating range. The planetary

assembly 48 includes a ring gear 49 fixed relative to the
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housing 46, and a plurality of planet gears 51
circumferentially spaced and individually rotatably
supported by a planet carrier 52. The rear output shaft 44
extends forwardly into the housing 50 and carries at its
forward end an axially moveable range shift sleeve 53
having external splines 54 for engagement with either
internal splines 55 connected to the input shaft 43, or
internal splines 56 connected to the planet carrier 52.
When connected to the input shaft 43, as shown above the
axis A-A in FIG. 2, there is a direct drive connection
between the input shaft 43 and the rear output shaft 44 to
define the high speed range. When connected to the planet
carrier 52, as shown below the axis A-A, the planetary gear
assembly 48 introduces a predetermined gear reduction to
define the low speed range. When located at an
intermediate position (not shown) between the input shaft
splines 55 and the carrier splines 56, the transfer case is
in neutral. .

The present.invention concerns the use of a specially
designed electric range shift actuator, generally indicated
at 41; and which is utilized to effect the axial movement
of the shift sleeve 53 between low range, neutral, and high
range positions. In FIG. 2, the actuator 41 is represented

by a block which coaxially surrounds the rear output shaft
44. As will be discussed in more detail hereinafter with

regard to FIGS. 3 - 5, the actuator 41 utilizes an electric

- rotary motor coaxially mounted around the shaft 44, and
means, such as a linear screw, for translating the

erational'movement of the hollow motor shaft to selective

'aXial.movement of the range shift sleeve 53. The actuator

' 41_is coup1éd.to'receive control signal from the control

e " connected by a drive chain 63 to drive a second drive

'<32 and, in some Cases, to provide feedback information to
the control. '

A first drive sprocket 62 is rotatably supported on a
central portion of the rear output shaft 44 and is
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sprocket 64 rotatably supported within the transfer case
housing 46 and connected to drive the front output shaft
43. A multi-disc 4WD clutch 65 1is provided to control
torque input to the front output shaft, and includes a
first group of clutch plates 67 which, while axially
moveable, are secured for rotation with the first drive
sprocket 62. A second group of clutch plates 68 are
secured for rotation with the rear output shaft, but are
also axially moveable. The bias of the clutch is applied
by a clutch actuating sleeve 66 which 1is controlled by the
electric clutch actuator 42. The actuator 42 is connected
to receive operating signals from the control 32.

‘ The electric clutch actuator 42 is similar in
operating principle to the range shift actuator 41 and
includes a rotary electric motor and uses means such as a
linear screw for translating rotary movement to axial
movement, however, as will be discussed, 51nce the torque
requirements necessary to bias the 4WD clutch 65 is

‘substantially greater that that necessary to move the range

shift sleeve 53, additional gear reduction is provided.

In operation, shifts are allowed directly between all
operating modes, except into 4WD low range mode. This
range can only be accessed from the 4WD high range mode
when7the vehicle is stopped. Since the electronic and
mechanical hardware allows a direct shift between any and
all'modeS,-changes which are required to limit the
availability of mode'changes can be accomplished by

,.asoftware changes. The following paragraphs will summarized
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-the operatlon of the drive system in its various operating
.modes.

2WD - In this mode, the front hub locks 30 and 31 are

udisengaged and the 4WD clutch 65 is fully disengaged. All
~of the dr1v1ng torque is directed to the rear wheels. When
a drlver at any vehicle speed has selected 2WD via the
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SWltCh 34 shown in FIG 1, the control 32 generates a
dlsengage 51gna1 to the 4WD clutch, which causes the clutch
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actuator 42 to fully retract the actuator sleeve 66 and
disengage the clutch 65. Immediately following, the
control 32 sends a disengage signal to the front hub locks
30 and 31. The system will remain in this state until a
different operating mode is selected by the driver.
Typically, the control only allows 2WD in the high range,
due to limitations of rear axle stress levels; however, if
rear axle stress levels are sufficient, low range 2WD may
be provided.

High Range 4WD - In this mode, the range switch 33 is
in the High position, the hub locks 30 and 31 are engaged,
and the 4WD clutch 1s fully engaged. The front and rear
drive shafts are rigidly connected (i.e., no interaxle
differential), so that torque is distributed to to the
front and rear wheels based upon the traction available at
each wheel. When high range 4WD mode 1is selected at any
vehicle speed by the driver from the 2WD mode, the control
32 generates an engage signal to the actuator 42 to fully
advance the actuator sleeve 66 and engage the clutch 65.
After full engagement of the clutch, and synchronization of
the front axles and wheels, the control sends an engage
signal to the front hub locks 30 and 31. The system then
remains in this state until a different operating mode is
selected by the driver.

Low Range 4WD - This mode is similar to the High range
4WD mode, except that the range switch 33 is in the Low
pbsitibn:_however, the sequence for entering this mode is

‘different. This mode is only selectable when the system is

-~ in the high range 4WD mode. When low range 4WD is

30

selected, the control 32 checks to see if the vehicle 1is

stopped and the transmission 12 is in neutral. If both of
these conditions are met, the control generates a shift
'Signal to the actuator 41 to shift the range shift sleeve

. 53,

. 35.

.'ﬁgggggl - In this mode, the range switch 33 (and thus

“the range shift sleeve 53) is in neutral, the front hub
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locks 30 and 31 are disengaged, and the 4WD clutch is fully
disengaged. Since no torque is directed to either the
front or rear drive shafts, the main transmission 12 can
not be back driven. When the range shift switch 33 is
initially set to neutral from the 2WD mode, the control 32
checks to see if the vehicle is moving at less than a
predetermined speed, such as 6 miles per hour, and if the
transmission 12 is in neutral, and if the brakes are
engaged. If all these conditions are met, the control
generates a shift signal to move the range shift sleeve 53
to its neutral position.

AUTO (“on-demand" 4WD) - As is the case with 2WD, this
mode is typically only available in high range; however, if

rear axle stress limits are sufficient, low range may be
used. In the AUTO mode, the hub locks 30 and 31 are
engaged, and the 4WD clutch 65 1is, as will be discussed, in
a "ready" position. If the vehicle is in 2WD mode and the
AUTOVmode,is_selected-at'any'vehicle speed, the controller
generates anlengage eignal for the 4WD clutch 65. The
clutch is then engaged sufficiently to synchronize the
front output Of'the'transfer case with the front wheels,

‘after which the controller sends an engage signal to

actuate the front hub locks. Once the hub locks have

_engaged, the control disengages the four wheel drive

clutch. Thereafter, the control will continuously monitor

.“twheel slip, the 4WD clutch automatically engages to

'h transm1t the requlred level of torque to the front axle for

‘ef7as long as is needed When rear wheel Sllp 1s no longer
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,f1  ¢ ;{ddﬁffpresent the clutch dlsengages, and remains dlsengaged

% 5”tdah?fahunt11 rear wheel slip is detected. To provide for full ABS
(s ah   ?,compat1b111ty, in the event the brakes are engaged while 1in
rh?d rhthe AUTO mode and the vehicle speed is above a

'g_;ff7arfapredeterm1ned amount (e.g., six miles per hour), the 4WD

c;utch_65 is ;mmedlately disengaged.
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Normally, the in the AUTO mode, the electronic control
will permit a predetermined slippage between the front and
rear output shafts to accommodate slightly different front
and rear wheel speeds which occur during normal traction
condition such as when turning the vehicle. This
predetermined slippage can be a function of vehicle road
speed and the steering angle. However, when slippage
between the front and rear wheels exceeds a predetermined
amount, the electronic control 40 will generate a signal to
the clutch actuator 42 which selectively advances the
actuator sleeve 66 to create sufficient bias in the clutch
to provide a drive connection between the input shaft 41
and the front output shaft 43 and eliminate the excessive
slippage condition. The control will then selectively back
off the actuator while simultaneously monitoring slip.
Should slippage again occur the control will readvance the
actuator sleeve 66. As long as the switch 34 remains in
the AUTO mode, the control 32 will continue to monitor rear
wheel slip and, as required, transfer torque to the front
wheels through the 4WD clutch 65 to eliminate the slip.

Referring to FIG. 4, the specific construction of the
transfer case shown in FIG. 2 will now be discussed, with
particular attention to the construction and operation of

the range shift actuator 41 and the clutch actuator 42.

Reference numerals used in the schematic view of FIG. 2
will be used in FIG. 3 to refer to like components.

The range shift actuator 41 includes a coaxial mounted
electric totary'motor 70 having a multi-piece outer motor

 housing 71 fixed relative to the transfer case housing 46,

and which carries a laminated stator plates 72. As shown
in FIG. 5, the stator plates 72 are provided with a
plurality of circumferentially spaced and radially inwardly

 extending polls 73 individually wrapped with windings 74.

35

A hollow motor shaft 75 is rotatably supported

‘relative to the motor housing 71 by a roller bearing 76.

The radial outer portion of the shaft 75 carries a
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plurality of laminated rotor plates 77 having an outer
radial periphery spaced from the inner periphery of the
stator plates by an air gap Gl. The inner portion of the
motor shaft 75 is provided with internal threads 78 which
engage an external threads 79 of the range shift sleeve 53
to define a linear screw arrangement which functions as a
gear reducer. Once the desired shift is made, no further
electric current need to be supplied to the actuator motor
to maintain the set position of the shift sleeve 53, since
the inherent frictional characteristics of the linear screw
arrangement prevent the shift sleeve from back driving the
motor shaft. Thus, in the event of a motor failure or loss
of electrical power, the previously shift sleeve position
will be maintained.

The range shift sleeve 53 is shown in FIGS. 3 and 4 as
an assembly and includes an outer sleeve 81 provided with

the external threads 79 which engage internal motor shaft

threads 78, and an inner sleeve 83 supported on the rear
output shaft 44 by a splined connection at 84 which permits
limited axial movement of the shift sleeve assemnbly 53
along the shaft. The forward end of the linear sleeve 83
carries the external shift spliner 54. In accordance with
one feature of the present invention, the shift sleeve 81
is coupled to the inner sleeve 83 by means of a lost motion

spring connection 85. The spring connection 85 includes a

helical'compression spring 86 which normally functions to
,-malntain the sleeves 81 and 83 in an expanded position

a ;3where1n an outer radial shoulder 87 carried by the inner

'*t“sleeve 83 ‘engages an 1nner radial shoulder 88 formed at the

“front of the outer sleeve 81l.

The electrlc rotary motor 71 is a three phase,

 mu1t1-po1e varlable reluctance DC motor and is operated by
'the control 32. DC current is alternately applied to

- -success1ve windings to cause predetermined rotation of the

'h f’*ff (és
: ' _'assoc1ated~motor shaft 75 to advance the shift sleeve

-erotor.' Rotation of the motor in one direction causes the
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assembly 53 forwardly (to the left as viewed in FIG. 4) to
the high range position shown in FIG. 4 above axis A-A,
wherein the external splines 54 of the inner sleeve 81
mates with the internal splines 55 provided on the input
shaft 43. Rotation in an opposite direction moves the
shift sleeve assembly 53 rearwardly to the low range
position shown below the axis A-A, wherein the external
splines 54 engage the splines 56 formed with the plane
carrier 52. In instances wherein the transfer case is to
be shifted to neutral, the control operates the motor 71 to
shift the sleeve assembly 53 half the normal distance, by
utilizing the feedback information received via a speed

' sensor 89 coupled to monitor the rotation of a tone wheel
90 supported on the motor shaft 75.

As mentioned above, a spring-biased lost motion
connection 85 is incorporated in the range shift sleeve
assembly 53. Such a connection has been found advantageous

in instances wherein the the shift sleeve 53 may encounter
,some,temporary,resistance'when attempting to effect a shift

in either a forward or rearward direction. In this case,

_rotate to its desired position while moving the outer
| *sleeve 81 agalnst the biasing force of the spring 86, as
~ the inner sleeve 83 remains stationary or only shifts

“fﬂ§ part1a11y When the encountered resistance is overcome,

7ffthe spring 86 moves the inner sleeve .81 to the selected

'77tfp031t10n..

To ehsure that movenent of the shlfter sleeve is

,. 3 ¢etiStopped when the sleeve is in the desired high or low range

'T*'tm) pos1t1on, 1t 1s de51rab1e to provide some type of stop to

f "fulimlt both the forward and rearward movement of the shift
  ffs1eeve assembly 53. Whlle this can be done by providing

;f;is ﬁ; tftaxia1 stops,,lt can also be accomplished by controlling the
afj;.7  jfseoperat1on of the motor For example, a resolver can be
QAfFf;}stﬁffthe exact pos1t10n of ‘the motor shaft 75 (and thus the

used as feedback deV1ce to signal the electronlc control of
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shifter sleeve), or physical stops can be provided to limit
rotation of the motor shaft.

In the embodiment of the invention shown in FIGS. 4
and 5, physical rotation stops are used. In particular,
the actuator and transfer case are designed such that two
revolutions of the motor shaft causes the precise amount of
axial movement required to shift the sleeve assembly 53
between the higher and lower range positions. The
particular structure used to accomplish this function is
shown in FIG. 5, and includes a stop pin 91 axially
extending from the outer portion of the motor shaft 75, a
stop ring 92 rotatably supported within a gap formed
between the motor housing 71 and the motor shaft 75 and
having radial tangs 92a and 92b, and a housing tang stop 93
on the motor housing and adapted to engage the stop ring
tangs 92a and 92b.

When moving from one position to another, rotation of
the'motor shaft 75 causes the pin 91 to move approximately

one complete revolution with the shaft 75 before 1t engages
the one tang 92a of the ring 92. Further rotation in the

same direction causes the ring 92 to move with the pin 91

and the shaft.75. As the shaft 75 approaches the end of
the second revolution, the other tang 92b will engage the

,,hou31ng stop 93, thereby preventing any further rotation

of the output shaft. At this point, the control will sense

'that the motor has stalled and shut off further power to
'the motor. Shifting in the opposite direction is

accomplished in a similar manner. As shown in FIG. 5a, a

,'spring'detent clip 94 having axially extending end tabs 94a
‘and.94b[is'secured to the motor housing and functions to
locate the stop pin 91 in the neutral position.

The clutch actuator 42 utilizes a coaxial electric

rotary motor arrangement similar to the range shift
"actuator, except that the motor has a largerxr torque
[capa01ty, and that additional gear reduction (in addition
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added to enable the actuator to generate a sufficient axial
force to fully engage the clutch. As shown in FIG. 6, a
motor 100 includes a multi-piece motor housing 101 fixed
relative to the transfer case housing, and which carries a
5 stacked array of laminated stator plates 102. The plates
102 are provided with a plurality of circumferentially
spaced and radially inwardly extending poles 103
individually wrapped with windings 104. The motor housing
101 carries a roller bearing 105 which rotatably supports a .
10 hollow motor shaft 106. The outer portion of the shaft 106
carries a stacked array of laminated rotor plates 107
having an outer edge spaced from the inner edge of the
stator plates by an air gap G2. -
Rotation motion of the motor shaft 106 is transmitted
15 to a rotatable externally threaded sleeve 107 by a gear
reducer generally indicated at 108. In particular, the
R inner end of the motor shaft is provided with externally
;5f%  - | formed gear teeth 109 which engage a larger diameter pinion
S .~ gear 111 supported for rotation with a smaller diameter
20 pihion gear 112 by the motor housing 101. The smaller
diameter pinion gear 112 is adapted to engage an externally
- toothed portion 113 of the rotatable actuating sleeve 107.
" The inner cylindrical surface of the rotatable sleeve 107
is:slightly spaced from the adjacent outer surface of the
o "'z;,réar output shaft 44, and has a rearward end which engages
};,'75   'gt" a thrust bearing 114. 'The rotatable sleeve 107 is provided
| L ' with externa1'threads 115 which engage internal threads 116
j fdrmed anthe axia1ly shiftable clutch actuating sleeve 66.
.  ' Thega¢tuatihg'sleéVe.66'is restrained from rotation by a
-  ;_31 éblined connectidn at 117 with the motor housing 101, and
' ' 'inC1udés a forward'end-coupled to a clutch pressure plate
'118 by'a thrust bearing 119. The pressure plate 118 exerts
~ an axial force on the clutch pack via a Bellville spring
. 3 In operation, to disengage the clutch (for 2WD), the
B ";QmOtor is operated to axially shift the actuating sleeve 66
:”'fto:its nost rearward position, as represented below the

t:.('. "-r Ea " r-!t "‘ > kgt )l‘&qéfm‘..fﬁ)wbﬁm. ﬁw-ul\»f{wum;u..-.. SRR .. S . . ‘ - .
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forward position wherein the effective holding torque of
the clutch is such that the clutch is in the "locked"
state. In the AUTO mode, the sleeve 1s moved to a "ready"
position just before partial engagement of the clutch

£ occurs. Alternatively, the AUTO mode could position the

' clutch at a "slight bias" position, such that some torque
will always be transmitted to the front wheels when in this
mode. In all of the above situations, when power 1s
removed from the motor 100, the actuating sleeve 66 will

10 maintain its position, since the internal frictional
characteristics of the linear screw arrangement prevent the
actuator 66 from back driving the motor shaft. This also
insures that clutch engagement (or disengagement) will be
maintained in the event of motor failure or power loss.

15 There is shown in FIG. 7 a schematic representation of
an "all wheel drive" transfer case 120 which 1s provided
with a range shifting means constructed in accordance with
the present invention. 1In particular, the transfer case
120 includes a planetary gear assembly 121, similar to the

o) Planetary gear assembly 48 of FIG. 2, and a range shift
actuator 122, similar to the range shift actuator 41 shown
in FIGS. 2 and 3. The remaining structure of the transfer
case and its associated operation are described 1n more
detail in U.S. Patent Nos. 4,,860,612 and 4,937,750,

25 |

It should be noted that the transfer case 1llustrated
in FIGS. 3 and 7 are two examples of transfer cases which
can utilize the control features and rotary actuators of
the present invention. For example, the actuators could

30 also be used in other vehicle transmissions.

The transfer case and drive system of the present
invention have been illustrated and described in what 1is
considered to represent its preferred embodiment. However,

it will be appreciated that the transfer case and drive

35



| | > oM an
system can be modified without departing from the spirit or
scope of the attached claims.
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CLAIMS:

1. An electronic shift actuator for a vehicle four wheel drive torque transfer
case having a torque transfer shaft rotatably supported within a transfer case, said actuator
comprising:

a rotary electric motor coaxially mounted relative to the transfer shaft and

including a hollow motor shaft surrounding the transfer shaft;

a hollow sleeve means surrounding said transfer shaft and axially movable
b_etween '_a first axial position wherein the transfer case operates in a first mode and a
second axial position wherein the transfér case operates in a second mode;

means for preventing rotation of said sleeve means relative to said transfer case;

and

means for translating the rotational movement of said motor shaft to selective axial

movement of said sleeve means between said first and second axial positions.

2. The invention defined in claim 1 wherein said transfer case includes means
for shifting said transfer case between high and low operating gear ranges, and wherein

said sleeve means operates said shifting means.

3. The invention defined in claim 2 wherein said means for translating is a

linear screw.

4. The invention defined in claim 1 wherein said transfer case includes clutch

means for operating said transfer case in either a two or four wheel drive mode, and

wherein said sleeve means operates said clutch means.
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5. The invention defined in claim 4 wherein said means for translating is a
linear screw.

6. The invention defined in claim 4 wherein said clutch means is a multi-plate
clutch.

7. The invention defined in claim 1 wherein said means for translating is a
[iInear screw.

8. The invention defined in claim 7 wherein means for translating includes an

axially extending first threaded portion provided on said motor shaft, and an axially
extending second threaded portion on said sleeve means for threaded engagement with
said first threaded portion, such that rotary movement of said motor shaft effects axial

movement of said sleeve means.

9. The invention defined in claim 1 wherein said sleeve means includes a first
sleeve coupled to be driven by said motor shaft, and a second sleeve moveable between
sald first and second axial positions, and resilient connection means coupled between said

first and second sleeves for providing limited axial movement of said second sleeve

relative to said first sleeve.

10.  The mvention defined 1n claim 9 wherein said resilient connection means
includes a spring biased lost motion connection coupled between said first and second

sleeves for normally biasing said sleeves in an axial extended position.

11.  The invention defined in claim 1 and further including stop means for

limiting the axial movement of said sleeve means in at least one axial direction to define

TN AR e o A o IRNANCR ST 1 O 1 1 e 1 2 e e Eai
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one of the first and second axial positions.

12.  The invention defined in claim 11 wherein said stop means includes a stop
pin coupled to said motor shaft and adapted to revolve around an axis as said motor shaft
1S fotatcd, a stop ring engageable with said pin and rotatably supported about said axis
and including tang means extending therefrom, and a housing stop fixed relative to the
transfer case and engageable with said tang means,, said pin adapted to engage said tang
means and travel with said stop ring within one revolution thereof, and said tang means
adapted to engage said housing stop within one revolution thereof to limit any further
movement of said stop pin and said tang means 1n one direction, thereby limiting said stop

pin to no more than two revolutions 1n either direction.

13.  The invention defined in claim 12 and further including tang means for

retaining said pin in an intermediate neutral position.

14. The invention defined in claim 12 wherein said tang means includes means

for damping the rotation of said stop ring and said stop pin when said tang means engages

sald housing stop.

15S. The invention defined 1n claim 1 wherein said motor shaft is a first shaft
and further including a second hollow shaft surrounding the transfer shaft and adapted to

be rotatably driven by said motor shaft, and wherein said means for translating is coupled

to translate rotational movement of second shaft to axial movement of said sleeve means.

16.  The invention defined in claim 15 and further including gear reduction

means connected between said motor shaft and said second shaft.
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17. The invention defined in claim 15 wherein said means for translating
includes an axially extending first threaded portion provided on said second shaft, and an
axially extending second threaded portion on said sleeve means or threaded engagement
with said first threaded portion, such that rotary movement of said second shaft effects

axial movement of said sleeve means.

18.  An electronic shift actuator for a vehicle transmission having a power
transmission shaft rotatably supported within a housing, said actuator comprising:

a rotary electric motor coaxially mounted relative to the transmission shaft and
including a hollow motor shaft surrounding the transmission shaft;

a hollow sleeve means surrounding said transmission shaft and axially movable
between a first axial position wherein the transmission operates in a first gear range and a
second axial position wherein the transmission operates in a second gear range;

means for preventing rotation of said sleeve means relative to said transmission;
and

means for translating the rotational movement of said motor shaft to selective axial

movement of said sleeve means between said first and second axial positions.

19.  The invention defined in claim 18 wherein said sleeve means includes a
first sleeve coupled to be driven by said motor shaft, and a second sleeve moveable
between said first and second axial positions, and resilient connection means coupled
between said first and second sleeves for providing limited axial movement of said

second sleeve relative to said first sleeve.

20.  The invention detined in claim 19 wherein said resilient connection means
includes a spring biased lost motion connection coupled between said first and second

sleeves for normally biasing said sleeves in an axial extended position.
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21.  An electronic shift actuator for a vehicle torque coupling having a torque
transfer shaft rotatably supported within a torque coupling, said actuator comprising:

a rotary clectric motor coaxially mounted relative to the transfer shaft and
including a hollow motor shaft surrounding the transfer shatft;

a hollow sleeve means surrounding said transfer shaft and axially movable
between a first axial position wherein the torque coupling operates in a first mode and a
second axial position wherein the torque couplhing operates in a second mode; and

means for translating the rotational movement of said motor shaft to selective axial

movement of said sleeve means between said first and second axial positions.

22.  The invention defined in Claim 21 further 'mcludin.gmeans for controlling

the rotation of said sleeve means.

23, The mvention defined in Claim 21 further including means for controlling

the rotation of said sleeve means within said torque coupling.

24.  The mnvention defined in claim 21 wherein said torque coupling includes

means for shifting said torque coupling between high and low operating gear ranges, and

wherein said sleeve means operates said shifting means.
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25.  The invention defined in claim 24 wherein said means for translating is a
linear screw.
26.  The invention defined in claim 21 wherein said torque coupling includes

clutch means for operating said torque coupling in either a two or four wheel drive .mode,

and wherein said sleeve means operates said clutch means.

27.  The invention defined in claim 26 wherein said means for translating is a

linear screw.

28. The mmvention defined in claim 26 wherein said clutch means 1s a multi-

plate clutch.

29.  The invention defined in claim 21 wherein said means for translating 1s a

linear screw.

30.  The invention defined in claim 29 wherein means for translating includes an
axially extending first threaded portion provided on said motor shaft, and an axially
extending second threaded portion on said sleeve means for threaded engagement with

said first threaded portion, such that rotary movement of said motor shaft effects axial

movement of said sleeve means.

31.  The invention defined in claim 21 wherein said sleeve means includes a
first sleeve coupled to be driven by said motor shaft, and a second sleeve moveable
between said first and second axial positions, and resilient connection means coupled

between said first and second sleeves for providing limited axial movement of said
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second sleeve relative to said first sleeve.

32. The invention defined in claim 31 wherein said resilient connection means
includes a spring biased lost motion connection coupled between said first and second

sleeves for normally biasing said sleeves in an axial extended position.

33.  The invention defined in claim 21 and further including stop means for

[imiting the axial movement of said sleeve means in at least one axial direction to define

one of the first and second axial positions.

34.  The invention defined in claim 33 wherein said stop means includes a stop
pin coupled to said motor shaft and adapted to revolve around an axis as said motor shaft
1S rotated, a stop ring engageable with said pin and rotatably SUpported about said axis
and including tang means extending theretfrom, and a housing stop fixed relative to the
torque coupling and engageable with said tang means, said pin adapted to engage said
tang means and travel with said Stop ring within one revolution thereof, and said tang
means adapted to engage said housing stop within one revolution thereof to limit any
further movement of said stop pin and said tang means in one direction,-thereby limiting

saild stop pin to no more than two revolutions in either direction.

35.  The invention defined in claim 34 and further including tang means for

retaining said pin in an intermediate neutral position.

36.  The invention defined in claim 34 wherein said tang means includes means

for damping the rotation of said stop ring and said stop pin when said tang means engages

said housing stop.
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37. The invention defined in claim 21 wherein said motor shaft is a first shaft
and turther including a second hollow shaft surrounding the transfer shaft and adapted to
be rotatably driven by said motor shaft, and wherein said means for translating is coupled

to translate rotational movement of second shaft to axial movement of said sleeve means.

38.  The invention defined in claim 37 and further including gear reduction

means connected between said motor shaft and said second shaft.

39.  The invention defined in claim 37 wherein said means for translating
includes an axially extending first threaded portion provided on said second shaft, and an
axially extending second threaded portion on said sleeve means or threaded engagement

with said first threaded portion, such that rotary movement of said second shaft effects

axial movement of said sleeve means.
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