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(57) ABSTRACT 

A differential gear mechanism, of either the locking or 
limited slip type, including a gear case (11) rotatably dis 
posed Within an outer housing and means (37) to limit 
rotation of side gears (23,25) relative to the gear case (11), 
this means (37) including a member (41) Which is axially 
moveable betWeen a ?rst position (FIG. 2) and a second 
position (FIG. 5). The mechanism includes a sensor assem 
bly (95) and a sensor element (97) disposed adjacent the gear 
case (11). The axially moveable member (41) includes a 
sensed portion (89) surrounding an annular outer surface 
(115) of the gear case, and disposed betWeen the annular 
outer surface (115) and the sensor element (97). Movement 
of the sensed portion (89) corresponding to changes Within 
the mechanism between, for example, the unlocked and 
locked conditions, results in the sensor assembly (95) trans 
mitting either a ?rst or second electrical output. Thus, the 
present invention permits the vehicle control logic to know 
the condition of the differential mechanism and control 
certain other parts or functions of the vehicle accordingly. 
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LOCK DETECTION SENSOR 

BACKGROUND OF THE DISCLOSURE 

[0001] The present invention relates to traction modifying 
differentials, and more particularly, to such differentials of 
the type in Which the differential action may be retarded, and 
possibly even locked, in response to some sort of an input, 
for example, an electrical input signal. 

[0002] Traction modifying differentials of the type to 
Which the present invention relates typically include a gear 
case de?ning a gear chamber, and disposed therein, a 
differential gear set including at least one input pinion gear, 
and a pair of output side gears. The present invention Will be 
described in connection With a differential of the bevel gear 
type, although those skilled in the art Will understand that the 
invention is not so limited, and could be utiliZed in connec 
tion With differentials having other gearing types, such as 
helical or planetary. Typically, a clutch pack is disposed 
betWeen at least one of the side gears and an adjacent surface 
of the gear case, such that the clutch pack is operable to limit 
relative rotation betWeen the gear case and the one side gear. 
In most differentials of the type described, engaging the 
clutch pack (retarding differentiation) is achieved by one of 
several different approaches. 

[0003] In one approach, a “locking differential” of the type 
illustrated and described in US. Pat. No. Re 28,004, 
assigned to the assignee of the present invention and incor 
porated herein by reference, the clutch pack is normally 
disengaged. When one of the Wheels begins to spin out, 
relative to the other Wheel, a speed sensitive mechanism 
senses the speed differential betWeen the Wheels, and by 
means of a cam and ramp mechanism, locks the clutch pack 
solid. In the incorporated patent, the speed sensitive mecha 
nism comprises a ?y-Weight mechanism, the output of 
Which comprises the “input”, in response to Which the 
differential gearing is locked. 

[0004] US. Pat. No. 5,019,021, also assigned to the 
assignee of the present invention and incorporated herein by 
reference, illustrates another approach to retarding differen 
tiation. This patent illustrates and describes a “limited slip 
differential” in Which the loading on the clutch pack may be 
varied in response to an external electrical input signal, thus 
varying the amount of slip Within the clutch pack. Therefore, 
the amount of bias torque transmitted from one side gear to 
another is also varied in response to changes in the external 
electrical input signal. As is Well knoWn to those skilled in 
the art, in a limited slip differential, there is typically a 
certain amount of “slip” or speed differential, betWeen the 
tWo side gears Whenever the vehicle encounters less than 
optimum traction conditions. In the above-incorporated 
patent, the “input” to the differential is the electrical input 
signal, but Within the differential, there is another “input” 
Which is the axial movement of one of the plates of a ball 
ramp actuator, the axial movement of Which varies the 
loading on the clutch pack in a manner Which is noW 
generally Well knoWn to those skilled in the art. 

[0005] Finally, in co-pending application U.S. Ser. No. 
09/877,830 ?led Jun. 8, 2001 in the names of Ross K. 
Cheadle, Joseph F. Rosiek, Allan S. LudWig and LaWrence 
M. McAuliffe, Jr., for a “Electronically Actuated Locking 
Differential”, assigned to the assignee of the present inven 
tion, there is illustrated a different approach to a “locking 
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differential”. In the co-pending application, there is illus 
trated and described a locking differential in Which there is 
no friction-type clutch pack, but instead, a mechanical 
locking arrangement. In the differential of the co-pending 
application there is a ball ramp actuator Which is able to 
move a series of pins, in response to an electrical input 
signal, into mating openings in the differential side gear, thus 
locking the side gear relative to the differential gear case. For 
purposes of the present invention, the movement of the pins, 
toWard or aWay from the side gear, to achieve either a locked 
condition or an unlocked condition, is also considered an 
“input” in regard to a means for limiting rotation of an 
output gear relative to a gear case in a differential. 

[0006] Thus, it may be seen from a revieW of the above 
described types of limited slip and locking differentials, that 
there are a number of different mechanisms knoWn to those 
skilled in the art Which are commonly used to limit (retard), 
or lock, the relative rotation betWeen a differential gear case 
and one of the output side gears. HoWever, it should be noted 
that most of the knoWn, prior art limited slip and locking 
differential arrangements, and especially those Which have 
been commercialiZed by the assignee of the present inven 
tion, have in common the presence of some sort of member 
Which moves axially in connection With the operation of the 
mechanism Which achieves the slip limiting or locking 
function Within the differential. 

[0007] More recently, an increasing percentage of vehicles 
(especially passenger cars and light trucks) are incorporating 
some sort of stability or traction or safety system into the 
drive train. Examples of such systems Would include a 
traction control system (TCS), an anti-skid braking system 
(ABS), and a vehicle stability enhancement system (VSES). 
It is quite common, and desirable, for such systems to 
include some sort of traction modifying device, and prefer 
ably, an electrically actuated limited slip or locking differ 
ential. In order for these types of systems to operate most 
effectively and safely, it is important for the control logic of 
the system to receive some sort of feedback signal from the 
differential, Whereby the control logic can knoW, at any 
given instant, Whether the differential is in an actuated 
(locked) condition, or in an unactuated (unlocked) condition. 

[0008] Unfortunately, sensing the occurrence of a locked 
condition (or an unlocked condition) in a locking differen 
tial, or sensing an increasing clutch engagement (or a 
decreasing clutch engagement) in a limited slip differential 
involves sensing something such as the axial movement of 
a member Within a differential gear case Which, typically, is 
rotating Within a stationary outer housing. One seemingly 
obvious Way of mounting a sensor on a rotating differential 
case is to ?x the sensor to the exterior of the case, and 
transmit the generated electrical signal from the differential 
to the vehicle microprocessor by means of slip rings. Unfor 
tunately, such an arrangement is typically not feasible. For 
most differential installations, nothing can be attached to the 
exterior of the differential case (or extend radially outWard 
therefrom), because, in the axle assembly plant, it must be 
possible to slide the ring gear over the case outer diameter, 
and bolt the ring gear to the case ?ange. 

BRIEF SUMMARY OF THE INVENTION 

[0009] Accordingly, it is an object of the present invention 
to provide an improved differential gear mechanism of the 
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type described, Which overcomes the disadvantages of the 
known prior art mechanisms, in regard to the capability to 
sense either a locked (or unlocked) or an actuated (or 
unactuated) condition. 

[0010] It is a further object of the present invention to 
provide an improved differential gear mechanism of either 
the limited slip or locking type in Which it is feasible to sense 
the occurrence of a locked condition (versus an unlocked 
condition) or the occurrence of an increasing clutch pack 
engagement (versus a decreasing clutch pack engagement). 

[0011] It is a more speci?c object of the present invention 
to provide an improved differential gear mechanism Which 
achieves the above-stated objects, With no major redesign of 
the differential mechanism, or of the overall axle assembly. 

[0012] It is a still more speci?c object of the present 
invention to provide an improved locking differential in 
Which the occurrence of a locked (or unlocked) condition 
can be sensed utiliZing the axial movement, Within the 
differential, of a member Which comprises part of the 
locking mechanism, or of the engagement mechanism. 

[0013] The above and other objects of the invention are 
accomplished by the provision of an improved differential 
gear mechanism including a gear case rotatably disposed 
Within an outer housing and de?ning an axis of rotation and 
a gear chamber. Differential gearing is disposed in the gear 
chamber including at least one input gear and ?rst and 
second output gears. The mechanism includes means oper 
able to limit rotation of the ?rst output gear relative to the 
gear case for common rotation thereWith. Included is an 
actuation means for the rotation limiting means, the actua 
tion means being operable in response to an input to move 
the rotation limiting means from an unactuated condition to 
an actuated condition, the rotation limiting means including 
a member axially moveable betWeen a ?rst position corre 
sponding to the unactuated condition of the rotation limiting 
means and a second position corresponding to the actuated 
condition. 

[0014] The improved differential gear mechanism is char 
acteriZed by a sensor assembly being relatively ?xed relative 
to the outer housing and including a sensor element disposed 
adjacent the gear case. The axially moveable member 
includes a sensed portion Which causes a ?rst electrical 
output from the sensor element When the axially moveable 
member is in the ?rst position and causes a second electrical 
output from the sensor element When the axially moveable 
member is in the second position. 

[0015] In accordance With a more limited aspect of the 
invention, the improved differential gear mechanism is char 
acteriZed by the gear case including a plurality of openings, 
and the axially moveable member including a plurality of 
connector portions, each of Which extends generally radially 
outWard through the plurality of openings, the sensed por 
tion of the axially moveable member being disposed exter 
nal to the gear case and ?xed to move axially With the 
plurality of connector portions, as the axially moveable 
member moves axially. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is an axial cross-section of a locking 
differential made in accordance With the teachings of the 
present invention, in an unactuated, unlocked condition. 
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[0017] FIG. 2 is an enlarged, fragmentary, axial cross 
section, similar to FIG. 1, but taken on a plane approxi 
mately perpendicular to the that of FIG. 1, illustrating one 
important aspect of the present invention. 

[0018] FIG. 3 is a fragmentary, exploded, perspective 
vieW of a portion of the locking differential shoWn in FIGS. 
1 and 2, and on approximately the same scale as FIG. 1. 

[0019] FIG. 4 is a transverse cross-section, taken on line 
4-4 of FIG. 1, and illustrating primarily one part of the 
axially moveable member Which comprises one important 
aspect of the present invention. 

[0020] FIG. 5 is an external plan vieW of the locking 
differential of FIGS. 1 through 4, illustrating the actuated, 
locked condition of the differential. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0021] Referring noW to the draWings, Which are not 
intended to limit the invention, FIG. 1 is an axial cross 
section of a locking differential including the present inven 
tion. The speci?c construction and operation of differentials 
of the general type illustrated in FIG. 1 may be better 
understood by reference to the above-incorporated patents 
and the above-referenced application. 

[0022] HoWever, as has already been- noted, the useful 
ness of the present invention is not restricted to only locking 
differentials, but could be equally advantageous When used 
on limited slip differentials. Furthermore, the use of the 
present invention is not restricted to any particular con?gu 
ration of differential, except as speci?cally noted in the 
appended claims. 

[0023] The differential gear mechanism (locking differen 
tial) shoWn in FIG. 1 includes a gear case 11 Which de?nes 
therein a gear chamber, generally designated 13. In the 
subject embodiment, and by Way of example only, the gear 
case 11 comprises a single, unitary gear case, and all parts 
Within the differential are inserted through a “Window” W 
(see FIG. 2) in the gear case 11, as is Well knoWn to those 
skilled in the art. HoWever, it should be understood that the 
present invention is not limited to any particular con?gura 
tion of gear case 11, or any particular con?guration of 
WindoW W, or even to the presence of such a WindoW. 
Torque input to the differential is typically by means of an 
input ring gear (not shoWn herein), Which may be attached 
to a ?ange 15 of the gear case 11 by any suitable means, such 
as a plurality of bolts (also not shoWn herein). 

[0024] Disposed Within the gear chamber 13 is a differ 
ential gear set including a pair of input pinion gears 17 
Which are rotatably mounted on a pinion shaft 19. Typically, 
the pinion shaft 19 is secured relative to the gear case by any 
suitable means, such as a locking pin 21. The pinion gears 
17 comprise the input gears of the differential gear set, and 
are in meshing engagement With a pair of side gears 23 and 
25. The side gears 23 and 25 de?ne sets of internal, straight 
splines 27 and 29, respectively, Which are adapted to be in 
splined engagement With mating external splines of a pair of 
axle shafts (not shoWn). The gear case 11 includes annular 
hub portions 31 and 33 on Which may be mounted a pair of 
bearing sets (not shoWn herein) Which are used to provide 
rotational support for the differential mechanism relative to 
an outer differential housing H, shoWn fragmentarily in FIG. 
2. 
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[0025] As is Well known to those skilled in the art, during 
normal straightahead operation of the vehicle, no differen 
tiation occurs betWeen the left and right side gears 23 and 25, 
and therefore, the pinion gears 17 do not rotate relative to the 
pinion shaft 19. The gear case 11, the pinion gears 17, and 
the side gears 23 and 25 all rotate about an axis of rotation 
A as a solid unit. 

[0026] It should be understood that the locking differential 
of the present invention may be operated in either of several 
modes. The differential may be operated manually, i.e., 
Wherein the driver manually selects the locked mode, such 
that the differential operates in the locked mode almost 
immediately after the vehicle begins to move. Alternately, 
the locking differential may operate in an “automatic mode” 
Wherein, by Way of example only, the vehicle microproces 
sor senses an operating condition, such as incipient Wheel 
slip and transmits an appropriate electrical input signal 
(“input”) to the locking differential, thus locking side gear 
25 relative to the gear case 11, to prevent any further 
differentiation. 

[0027] In the case of the automatic mode of operation of 
the locking differential, it Will be understood that under 
certain operating conditions, such as When the vehicle is 
turning or a slight difference in tire siZe exists, it is permis 
sible for a certain amount of differentiating action to occur 
betWeen the side gears 23 and 25. HoWever, in accordance 
With the present invention, the locking differential may or 
may not include a clutch pack, or any other similar mecha 
nism Which merely retards or limits differentiating action, 
but instead may provide a choice betWeen only an unactu 
ated condition as shoWn in FIG. 1 and an actuated, locked 
condition, as shoWn in FIG. 5. 

[0028] In the subject embodiment, and by Way of example 
only, the locking differential does include a clutch pack, 
generally designated 35, Which includes a plurality of clutch 
disks Which are in splined engagement With the gear case 11, 
and interleaved thereWith, a plurality of clutch disks Which 
are in splined engagement With the side gear 23, in a manner 
Which is Well knoWn to those skilled in the art, is not 
especially relevant to the present invention, and Will not be 
described further herein. As a result of the presence of the 
clutch pack 35, the locking differential shoWn in FIG. 1 
Would typically not operate as an open differential, but 
Would, even at relatively loW speed differentials betWeen the 
side gears 23 and 25, operate in the manner of a limited slip 
differential. HoWever, as noted previously, the presence or 
absence of such slip limiting capability is not a feature of the 
present invention and therefore, no further reference Will be 
made thereto subsequently. 

[0029] Referring noW primarily to FIG. 2, in conjunction 
With FIG. 1, the locking differential of the present invention 
includes a rotation limiting mechanism, generally desig 
nated 37. The rotation limiting mechanism 37 may be better 
understood by reference to Us. Pat. Nos. 5,911,643 and 
6,083,134, both of Which are assigned to the assignee of the 
present invention and incorporated herein by reference. It 
should be understood by those skilled in the art that, because 
the present invention is not limited to any particular struc 
ture or mode of operation of the rotation limiting mechanism 
37, the mechanism 37 Will be described only brie?y herein, 
by Way of background, and example. 
[0030] The gear case 11 includes an end Wall 39 (see FIG. 
2) Which de?nes tWo arrays of bores. The ?rst array of bores 
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(shoWn in FIG. 1), comprises a plurality of pin bores 41 
Which extend axially through the entire extent of the end 
Wall 39. Disposed Within each of the pin bores 41 is an 
axially moveable, generally cylindrical pin member 43 (also 
referred to hereinafter, and in the appended claims, as a 
“lock member”). The second array of bores (see FIG. 2) 
comprises a plurality of spring bores 45, Which extend from 
the right end in FIG. 2 of the end Wall 39 only part Way 
through the axial thickness of the end Wall 39, such that 
Within each spring bore 45 there is seated a coiled compres 
sion spring 47. 

[0031] The right end of each of the springs 47 is seated 
against either an inner ramp plate 49 of a ball ramp actuator, 
generally designated 51, or against another member (see 
FIG. 3), to be described subsequently. The ball ramp actua 
tor 51 also includes an outer plate 53, and a plurality of cam 
members (balls) 55 disposed betWeen the inner plate 49 and 
outer plate 53 in a manner noW Well knoWn to those skilled 
in the art of ball ramp actuators. 

[0032] Disposed axially outWard (to the right in FIGS. 1 
and 2 from the ball ramp actuator 51) is an electromagnetic 
actuator, generally designated 57, Which preferably com 
prises an annular electromagnetic coil 59 mounted on an 
annular support member 61. The support member 61 sur 
rounds the larger diameter portion of the annular hub portion 
33, such that the electromagnetic actuator 57 is stationary 
and the gear case 11 is free to rotate therein, and relative 
thereto. The electromagnetic actuator 57, Which is shoWn 
herein by Way of example only, may also be better under 
stood by reference to the above-incorporated patents. 

[0033] Actuation of the electromagnetic coil 59 occurs in 
response to an electrical input signal, transmitted to the coil 
59 by means of a pair of electrical leads 63 (see FIG. 1), the 
reference numeral “63” to be used hereinafter to designate 
either the leads themselves, or the electrical input signal. It 
should be noted that the electrical leads 63 are visible only 
in FIG. 1. 

[0034] Preferably, the electromagnetic actuator 57 is ?xed 
relative to the outer differential housing H by means of a 
bracket member 65, at least a portion of Which is seen in 
each of FIGS. 1 through 3. The bracket member 65 is ?xed 
relative to the electromagnetic actuator 57 by any suitable 
means, such as a rivet or staked portion 67 (see FIG. 1). The 
bracket member 65 includes a pair of axially extending tabs 
69, by means of Which the bracket member 65 may be bolted 
to the outer differential housing H as shoWn fragmentarily in 
FIG. 2. 

[0035] Disposed immediately adjacent the electromag 
netic coil 59 is an annular drive plate 71 Which is ?xed, by 
any suitable means such as splines (not shoWn herein), to be 
non-rotatable relative to the outer ramp plate 53. Therefore, 
as is noW Well knoWn to those skilled in the art, and as is 
illustrated and described in the above-incorporated patents, 
When the coil 59 is energiZed, the resulting ?ux path passes 
through the drive plate 71 and draWs the plate into frictional 
engagement With adjacent friction surfaces on a coil housing 
73. The result is to retard rotation of the annular drive plate 
71 and therefore, of the outer ramp plate 53, relative to the 
gear case 11. HoWever, the inner ramp plate 49 is ?xed to 
rotate With the gear case 11, such as by means of a plurality 
of plate ears 75 (see FIG. 3), and therefore, the ramping 
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action results in leftward axial movement (in FIGS. 1-3) of 
the inner ramp plate 49, in opposition to the biasing force of 
the compression springs 47. 

[0036] Referring again primarily to FIG. 1, the “outer” 
face of the side gear 25 (i.e., the side facing the end Wall 39) 
de?nes a plurality of openings 77, the openings 77 being 
arranged in an array Which matches, or mates With, the array 
of pin bores 41. Therefore, With the arrays of pin bores 41 
and openings 77 circumferentially aligned, as is shoWn in 
FIG. 1, actuation of the electromagnetic coil 59 Will move 
the inner ramp plate 49 to the left in FIG. 1, and move the 
pin members 43 into engagement Within the openings 77, 
thus locking the side gear 25 relative to the gear case 11 (the 
actuated condition). 

[0037] Most of What has been described up to this point is 
already knoWn, primarily from the above-incorporated pat 
ents. Referring noW to all of the draWing ?gures in conjunc 
tion With each other, an important aspect of the present 
invention Will be described. As stated previously, one of the 
objects of this invention is to sense the occurrence of either 
the locked condition, or the unlocked condition (i.e., to sense 
the change of status of the condition), utiliZing the axial 
movement Within the differential of a member Which com 
prises part of the locking mechanism. 

[0038] In the subject embodiment, and by Way of example 
only, the “axially moveable member” includes, among other 
things, the inner ramp plate 49 of the ball ramp actuator 51. 
Therefore, operably associated With the inner ramp plate 49 
(and considered part of the “axially moveable member” for 
purposes of the appended claims) is a plate-like member, 
generally designated 81 (see FIG. 3). The plate-like member 
81 includes an inner annular portion 83 (see FIGS. 2 and 3) 
Which may actually be ?xed relative to the inner ramp plate 
49, but is preferably separate from the inner ramp plate 49, 
and is merely held against the inner ramp plate 49 by the 
compression springs 47, especially during the coil de-ener 
giZed, unlocked condition. Once the differential is locked 
(i.e., the pin members 43 are disposed in the openings 77), 
if the coil is then de-energiZed, the inner ramp plate 49 may 
return to the position shoWn in FIGS. 1 and 2, and there 
after, there Will be an axial “separation” betWeen the ramp 
plate 49 and the plate-like member 81. Therefore, it should 
be understood by those skilled in the art that, although the 
ramp plate 49 and member 81 may be referred to as together 
comprising the “axially moveable member” during the 
actuation operation, it is really the member 81 Which, in the 
subject embodiment, is of greater interest in regard to the 
sensing operation to be described subsequently. 

[0039] The plate-like member 81 also includes a plurality 
of radially extending connector portions 85 Which, as may 
best be seen in FIGS. 2 and 3, extend radially through 
mating WindoWs or openings 87 de?ned by the annular 
portion of the gear case 11, i.e., that portion of the gear case 
Which is disposed just to the right of the end Wall 39, and 
Which surrounds the inner ramp plate 49. At the radially 
outer ends of the connector portions 85 is a generally annular 
sensed member 89 Which surrounds an annular outer surface 
11S (see FIGS. 3, 4 and 5) of the gear case 11, and is closely 
spaced apart relative to that surface. In the subject embodi 
ment, and by Way of example only, the plate-like member 81 
comprises a single, unitary sheet metal stamping, such that 
the inner annular portion 83, the connector portions 85 and 
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the annular sensed member 89 move in unison as a single 
piece. Therefore, the axial location of the annular sensed 
member 89 is fully representative of the axial location of the 
pin members 43, and therefore, is an accurate indicator of 
Whether the pin members 43 are in the unlocked condition 
of FIG. 1 or the locked condition, engaging the openings 77 
as described above, as is represented in FIG. 5. 

[0040] Referring noW primarily to FIGS. 2, 3 and 5, it 
may be seen that the bracket member 65 has, attached 
thereto, a sensor bracket portion 91 Which de?nes an open 
ing 93 therein. Attached to the sensor bracket portion 91 is 
a sensor assembly, generally designated 95, including a 
sensor element 97. Preferably, the sensor element 97 is 
disposed to be closely spaced apart from an outer surface of 
the annular sensed member 89 (as best shoWn in FIG. 5), 
Whenever the plate-like member 81 is moved axially to the 
left in FIGS. 1 through 3, such that the annular sensed 
member 89 is in at least partial alignment With the sensor 
element 97, i.e., the position shoWn in FIG. 5. Those skilled 
in the sensor art Will understand that the relative positions of 
the sensed member 89 and sensor element 97 are not critical 
to the invention. 

[0041] In the subject embodiment, and by Way of example 
only, the sensor assembly 95 comprises a Hall effect sensor 
of the type Which is noW Well knoWn to those skilled in the 
sensor art, although it should be understood that the present 
invention is not limited to any particular kind of sensor 
assembly or sensor element. For example, the sensor assem 
bly 95 could comprise either a conventional Hall effect 
sensor, or a “differential” type Hall effect sensor. What is 
essential to the present invention is merely that there be 
provided a sensor assembly Which is capable of sensing the 
movement of the annular sensed member 89 from its right 
hand most position shoWn in FIG. 2 to its left hand most 
position shoWn in FIG. 5, corresponding to the actuated or 
locked condition of the rotation limiting mechanism 37. 
What is also essential to the present invention is that the 
sensor assembly 95 be able to generate an electrical signal 
(output signal) such that the associated control logic (e.g., 
the vehicle microprocessor) is able, as a result of the output 
signal, to discern the difference betWeen the right hand most 
(unactuated) and the left hand most (actuated) conditions of 
the rotation limiting mechanism 37. 

[0042] Although the electromagnetic coil 59 and the sen 
sor assembly 95 are illustrated and described herein as being 
?xed (e.g., bolted) to a portion of the outer differential 
housing H, it should be understood that the invention is not 
so limited. HoWever, the relationship of the sensor assembly 
95 to the housing H is referred to hereinafter, in the 
appended claims, as being “relatively ?xed” Which should 
clearly be understood not to require that the sensor assembly 
95 be directly attached to the housing H. What is important 
is that the sensor assembly 95 be located such that, in spite 
of tolerances in the location of the differential Within the 
housing H, the sensor element 97 is positioned accurately 
enough, relative to the sensed member 89, to provide the 
desired position feedback signal. It should be noted that the 
electromagnetic actuator 57 is also referred to as being 
“relatively ?xed” relative to the gear case 11, again to 
convey the meaning that the actuator 57 should have little or 
no movement relative to the gear case 11, but Would 
typically not actually be attached to the gear case 11. 
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[0043] In accordance With another aspect of the invention, 
and as may best be seen in FIG. 5, the annular outer surface 
115 of the gear case 11 is designed and siZed such that, even 
With the annular sensed member 89 in place and surrounding 
the surface 115, the outer diameter of the sensed member 89 
is still less than the outer diameter of the main portion of the 
gear case 11. Therefore, in the axle assembly plant, the ring 
gear may be installed over the differential assembly (What is 
seen in FIG. 5, minus the actuator 57, the bracket member 
65, and the sensor assembly 95), and bolted to the ?ange 15. 
The bracket member 65 (including the actuator 57 and the 
sensor assembly 95) is bolted in place Within the outer 
housing H, and then the differential assembly is installed 
Within the housing H, resulting in the spatial relationship 
shoWn in FIG. 5. 

[0044] The invention has been described in great detail in 
the foregoing speci?cation, and it is believed that various 
alterations and modi?cations of the invention Will become 
apparent to those skilled in the art from a reading and 
understanding of the speci?cation. It is intended that all such 
alterations and modi?cations are included in the invention, 
insofar as they come Within the scope of the appended 
claims. 

What is claimed is: 
1. A differential gear mechanism including a gear case 

rotatably disposed Within an outer housing and de?ning an 
axis of rotation, and a gear chamber; differential gearing 
disposed in said gear chamber including at least one input 
gear and ?rst and second output gears; means operable to 
limit rotation of said ?rst output gear relative to said gear 
case for common rotation thereWith; actuation means for 
said rotation limiting means, said actuation means being 
operable in response to an input, to move said rotation 
limiting means from an unactuated condition to an actuated 
condition, said rotation limiting means including a member 
axially moveable betWeen a ?rst position corresponding to 
said unactuated condition of said rotation limiting means, 
and a second position corresponding to said actuated con 
dition, characteriZed by: 

(a) a sensor assembly being relatively ?xed relative to 
said outer housing and including a sensor element 
disposed adjacent said gear case; 

(b) said axially moveable member including a sensed 
portion Which causes a ?rst electrical output from said 
sensor element When said axially moveable member is 
in said ?rst position and causes a second electrical 
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output from said sensor element When said axially 
moveable member is in said second position. 

2. A differential gear mechanism as claimed in claim 1, 
characteriZed by said means operable to limit rotation of said 
?rst output gear relative to said gear case includes a plurality 
of lock members disposed Within openings de?ned by said 
gear case, and axially moveable from an unlocked position 
to a locked position in engagement With mating openings 
de?ned by said ?rst output gear. 

3. A differential gear mechanism as claimed in claim 2, 
characteriZed by said means operable to limit rotation of said 
?rst output gear relative to said gear case further including 
a plate-like member, said plurality of lock members being 
moveable With said plate-like member, and said plate-like 
member comprising part of said axially moveable member. 

4. A differential gear mechanism as claimed in claim 1, 
characteriZed by said gear case including a plurality of 
openings, said axially moveable member including a plu 
rality of connector portions, each of said connector portions 
extending generally radially outWard through said plurality 
of openings, said sensed portion of said axially moveable 
member being disposed external to said gear case and ?xed 
to move axially With said plurality of connector portions, as 
said axially moveable member moves axially. 

5. A differential gear mechanism as claimed in claim 4, 
characteriZed by said sensed portion comprising a generally 
annular sensed member surrounding said gear case, and 
being closely spaced relative thereto, said sensor element 
being disposed immediately radially outWard from at least a 
portion of said annular sensed member, When said axially 
movable member is in said second position. 

6. A differential gear mechanism as claimed in claim 1, 
characteriZed by a bracket member disposed adjacent said 
gear case and ?xed relative to said outer housing, said 
bracket member including a sensor bracket portion disposed 
adjacent an annular outer surface of said gear case and 
operable to position said sensor element of said sensor 
assembly adjacent said sensed portion (81,89) of said axially 
moveable member. 

7. A differential gear mechanism as claimed in claim 6, 
characteriZed by said actuation means comprising an annular 
electromagnetic coil disposed axially adjacent said means 
operable to limit rotation of said ?rst output gear, said 
bracket member including means operable to maintain said 
electromagnetic coil ?xed relative to said outer housing and 
relatively ?xed relative to said gear case. 


