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(57) Claim

1. A center bearing assembly adapted to rotatably support a rotatable shall on a 
vehicle frame comprising:

an annular roller bearing adapted to rotatably support the roialable shall;
a bracket adapted to be secured to a vehicle frame: and
a support member supporting said roller bearing within said bracket, said support 

member containing a rheological fluid for modifying the relative movement between said 

roller bearing and said bracket.

12. A rotatable .shaft and center bearing assembly adapted to rotatably mount the 
shaft to a vehicle frame, comprising:

a roller bearing;
a shaft rotatably mounted within said roller bearing;
a bracket adapted to be secured to a vehicle frame; and
a support member supporting said roller bearing within said bracket, said support 

member including a bladder containing a rhe 'logical fluid.
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16. A vehicle comprising:
a frame;
a roller bearing;
a shaft rotatably mounted within said roller bearing:
a bracket secured to said frame; and
a support member supporting said roller bearing within said bracket, said support 

member including a bladder containing a rheological fluid.



S & F Ref: 319749

Name and Address 
of Applicant:

• ·
• ·
ft

ft ft

AUSTRALIA

PATENTS ACT 1990

COMPLETE SPECIFICATION

FOR A STANDARD PATENT

ORIGINAL

Dana Corporation
4500 Dorr Street
Toledo Ohio 43615
UNITED STATES OF AMERICA

Actual Inventor(s): James A. Duggan

Address for Service: Spruson & Ferguson, Patent Attorneys
Level 33 St Martins Tower, 31 Market Street 
Sydney, New South Wales, 2000, Australia

Invention Title: Center Bearing Assembly Including Support Member
Containing Rheological Fluid

The following statement is a full description of this invention, including the 
best method of performing it known to me/us:-

5845



ΙΑ

TITLE

CENTER BEARING ASSEMBLY INCLUDING SUPPORT 

MEMBER CONTAINING RHEOLOGICAL FLUID

5

BACKGROUND OF THE INVENTION

The invention relates in general to bearings for supporting shafts for 

rotation and in particular to an improved structure for a center bearing assembly 

for rotatably supporting an intermediate portion of a vehicle drive line or 

10 coupling shaft assembly.

In most rear wheel drive vehicles, a source of rotational energy, such as 

an internal combustion or diesel engine, is located near the front of the vehicle. 

The engine is connected by means of a drive line to rotate one or more driven 

wheels located near the rear of the vehicle. The drive line typically extends 

15 between a transmission, which is connected to the engine, and a differential, 

which is connected to the driven wheels. In some vehicles, the distance 

separating the transmission and the differential is relatively short. In these 

vehicles, the drive line is composed of a single tube, usually referred to as the 

drive shaft. In other vehicles, the distance separating the transmission and the 

20 differential is relatively long, making the use of a single drive shaft impractical.

In these vehicles, the drive line is composed of a drive shaft and one or more 

coupling shafts. The coupling shafts are connected to the drive shaft (and to 

each other) by universal joints.

Drive lines which are composed of a drive shaft and one or more coupling 

25 shafts require the use of one or more intermediate resilient support structures, 

which are generally referred to as center bearing assemblies. A typical center 

bearing assembly includes an annular roller bearing within which the coupling 

shaft is rotatably supported. The roller bearing itself is disposed within a 



2
generally annular resilient support member. The resilient support member is, in turn, 
disposed within a relatively rigid, generally U-shaped bracket which is secured to the 
lower surface of a cross member extending between the side rails of the vehicle frame.

The resilient support member is provided to reduce vibrations of the drive line in 
5 the vicinity of the center bearing assembly and to prevent such vibrations from being 

transmitted to the vehicle frame. In the past, the resilient support member has been 
formed from an elastomeric material, such as rubber. Under most vehicle operating 
conditions, known rubber support members are effective in substantially reducing the 
transmission of vibrations from the drive line to the vehicle frame. However, the 

10 vibration dampening characteristics of such known support members, which depend upon 
the specific material and the particular configuration thereof, remain constant regardless 
of the vehicle operating conditions. Accordingly, the vibration dampening characteristics 
of known support members can be optimized only for a single set of operating conditions. 
The vibrations generated by the drive line, on the other hand, constantly change with 

15 changes in the operating conditions of the vehicle. As a result, these support members 
may not provide optimum vibration dampening of vibrations under varying operating 
conditions. It would, therefore, be desirable to provide an improved structure for a center
bearing assembly which includes a support member having vibration dampening 
characteristics which can be adjusted in accordance with the changing operating 

20 conditions of the vehicle.

SUMMARY OF THE INVENTION
It is the object of the present invention to overcome or substantially ameliorate the 

above disadvantages.
There is disclosed herein a center bearing assembly adapted to rotatably support a

25 rotatable shaft on a vehicle frame comprising:
an annular roller bearing adapted to rotatably support the rotatable shaft;
u bracket adapted to be secured to a vehicle frame; and
a support member supporting said roller bearing within said bracket, said support 

member containing a rheological fluid for modifying the relative movement between said 
so roller bearing and said bracket.

Preferably, the center bearing assembly further including means for selectively 
applying an energy field to said rheological fluid.

Preferably, the center bearing assembly wherein said rheological fluid is a magneto- 
rheological fluid, and wherein said means for applying an energy field includes an 

35 electromagnet.
Preferably, the center bearing assembly further including a shaft rotatably mounted 

within said center bearing.
Preferably, the center bearing assembly wherein said bladder is generally annular in

[N:\LIBLL]0i296:KEH
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Preferably, the center bearing assembly further including a sensor for sensing an 

operating condition of said vehicle, said means for selectively applying said energy field 
being connected to said sensor so as to vary said energy field in response to said operating 
condition.

5 Preferably, the center bearing assembly wherein said sensor senses the radial 
displacement of said center bearing.

Preferably, the center bearing assembly wherein said sensor senses the axial 
displacement of said center bearing.

Preferably, the center bearing assembly wherein said sensor senses the radial 
10 acceleration of said center bearing.

Preferably, the center bearing assembly wherein said support member includes a 
bladder containing said rheological fluid.

Preferably, the center bearing assembly further including a shaft rotatably mounted 
within said center bearing, and wherein said sensor senses the angular displacement of 

15 said shaft.
There is further disclosed herein a rotatable shaft and center bearing assembly 

adapted to rotatably mount the shaft to a vehicle frame, comprising:
a roller bearing;
a shaft rotatably mounted within said roller bearing;

20 a bracket adapted to be secured to a vehicle frame; and
a support member supporting said roller bearing within said bracket, said support 

member including a bladder containing a rheological fluid.

• ·

Preferably, the rotatable shaft and center bearing assembly further including means 
for selectively applying an energy field to said rheological fluid.

25 Preferably, the rotatable shaft and center bearing wherein said rheological fluid is a 
magneto-rheological fluid, and wherein said means for selectively applying said energy 
field includes an electromagnet.

Preferably, the rotatable shaft and center bearing further including a sensor for 
sensing an operating condition of said vehicle, said means for selectively applying said 

30 energy field being connected to said sensor so as to vary said energy field in response to 
said operating condition.

There is further disclosed herein a vehicle comprising:
a frame;
a roller bearing;

35 a shaft rotatably mounted within said roller bearing;
a bracket secured to said frame; and
a support member supporting said roller bearing within said bracket, said support 

member including a bladder containing a rheological fluid.
Preferably, the vehicle further including means for selectively applying an energy 
t0 said rheological fluid.

cOJ i
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Preferably, the vehicle wherein said rheological fluid is a magneto-rheological fluid, 

and wherein said means for selectively applying said energy field includes an 
electromagnet.

Preferably, the vehicle further including a sensor for sensing an operating condition 
5 of said vehicle, said means for selectively applying said energy field being connected to 

said sensor so as to vary said energy field in response to said operating condition.

BRIEF DESCRIPTION OF THE DRAWINGS
A preferred form of the present invention will now be described by way of example 

with reference to the accompanying drawings, wherein:
10 Fig. 1 is a front elevational view of a center bearing assembly in accordance with 

this invention.
Fig. 2 is a cross sectional view of the center bearing assembly taken along die line 

2-2 of Fig. 1.
Fig. 3 is a block diagram of a control system for die center bearing assembly• · ·

•J .· 15 illustrated in Figs. 1 and 2.
• ·• ·
J··" DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
• · ·

Referring now to the drawings, there is illustrated in Figs. 1 and 2 a center bearing 
assembly, indicated generally at 10, in accordance with diis invention. As is well known ft ft ft

ί ·’ in the art, the center bearing assembly 10 is adapted to rotatably support a rotatable shaft 
20 11 or similar component of a multiple piece vehicle drive line on the lower surface of a

• ·«

cross member 12 or other portion of a frame for a vehicle. To accomplish this, the cross
·· · ft
J ! member 12 is formed having a

ft ft ftft ft ftft ft ftft ft

ft ft ft ft ft ftft ftft···
ft ft 

1
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pair of threaded apertures 13 and 14 for securing the center bearing assembly 10 

thereto, in a manner which will be described in detail below. The general 

structure and operation of the center bearing assembly 10 is well known in the 

art and, for the sake of brevity, will not be discussed in detail herein. U.S. Patent

5 No. 4,392,694 to Reynolds, owned by the assignee of this invention, discloses 

the general structure and operation of center bearing assemblies, and the 

disclosure thereof is incorporated herein by reference.

The center bearing assembly 10 includes a bracket, indicated generally at 

20. The bracket 20 includes a generally annular body portion 21 and a pair of

10 opposed, outwardly extending leg portions 22 and 23. As best shown in Fig. 2, 

the body portion 21 of the bracket 20 is preferably formed having a substantially 

U-shaped cross sectional shape for providing strength thereto. The leg portions 

22 and 23 may be formed integrally with the body portion 21 as shown, or 

alternatively may be secured to the body portion 21 by welding or any other

15 suitable method. Respective apertures 22a and 23a are formed through the ends 

of the leg portions 22 and 23. The apertures 22a and 23a formed through the leg 

portions 22 and 23 of the bracket 20 are spaced apart from one another by the 

same distance as the apertures 13 and 14 formed in the cross member 12. Thus, 

as will be explained in detail below, the apertures 22a and 23a can be aligned

20 with the apertures 13 and 14 to permit the bracket 20 to be secured to the cross 

member 12 of the vehicle frame.

A reinforcing bar 24 is disposed between the bracket 20 and the cross 

member 12. The reinforcing bar 24 includes a central body portion 25 and a pair 

of end portions 26 and 27. The central body portion 25 is formed having a

25 recess 25a, within which a portion of the annular body portion 21 of the bracket 

20 extends. Respective apertures 26a and 27a are formed through the end 

portions 26 and 27 of the reinforcing bar 25. The apertures 26a and 27a formed 

through the reinforcing bar 25 are spaced apart from one another by the same 
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distance as the apertures 13 and 14 formed in the cross member 12. Thus, the 

■apertures 26a and 27a can be aligned with the apertures 22a and 23a and with the 

apertures 13 and 14 to permit the bracket 20 to be secured to the cross member

5 12 of the vehicle frame by suitable threaded fasteners 30. The threaded fasteners

5 30 extend through the aligned apertures 22a, 26a, and 13 and through the aligned

apertures 23a, 27a, and 14 to secure the bracket 20 and reinforcing bar 24 to the 

cross member 12.

10 The center bearing assembly 10 further includes a support member,

indicated generally at 30. As best shown in Fig. 2, the support member 30 is

io embodied as a bladder 31 formed from a flexible elastomeric material. The

bladder 31 is generally annular in shape, having an outer circumferential surface 

15 which is secured to an inner circumferential surface of the body portion 21 of the 

bracket 20. The bladder 31 may be molded directly to the bracket 20, or may be 

secured thereto in any other suitable manner, such as with an adhesive. The

15 inner circumferential surface of the bladder 31 defines an enlarged axially

20 extending opening 32 formed through the center thereof, the purpose of which 

will be explained below. An annular cavity 3 la is defined within the bladder 31. 

The annular cavity 3 la of the bladder 31 is filled with a suitable rheological fluid 

33.

3¾ As mentioned above, the term "rheological fluid" as used herein refers to

a fluid which exhibits a significant change in its ability to flow or shear upon the 

application of an appropriate energy field. In the preferred embodiment, tire 

rheological fluid is a magneto-rheological (MR) fluid, which is responsive to the 

presence of a magnetic field for changing is ability to flow or shear. MR fluids

25 are formed of magnetizable particles, such as carbonyl iron, in a fluid carrier, 

such as a silicone oil. When exposed to a magnetic field, the particles align and 

reduce the ability of the fluid to flow. The shear resistance of the MR fluid is a
35

function of the magnitude of the applied magnetic field. MR fluids are preferred 
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for use in this invention because they are capable of generating relatively high 

fluid shear stresses and can be controlled using power supplies which are 

normally available in vehicles. TRW MR fluid, which is commercially available 

from TRW, Inc., is an example of one known rheological fluid which has been

5 found suitable for use in this invention. However, other rheological fluids can 

also be used in accordance with this invention. For example, electro-rheological 

(ER) fluids, which are responsive to the presence of an electrical field (such as 

voltage) may also be used.

Means are provided for selectively generating and applying an energy

10 field to the rheological fluid. The specific nature of this means will depend upon 

the particular type of rheological fluid is selected for use. In the preferred 

embodiment, where the rheological fluid is an MR fluid, the means for 

selectively generating an energy field can include one or more electromagnetic 

coils 35 provided proximate the bladder 32 containing the MR fluid 33. The

is electromagnetic coils 35 may be arranged in any manner such that when 

energized, a magnetic field is applied to the MR fluid 33. The electromagnetic 

coils 35 are preferably arranged so that the applied magnetic field is generally 

uniform over the interior of the bladder 32 containing the MR fluid 33. The 

electromagnetic coils 35 are preferably circumferentially embedded in or

20 otherwise supported on the support member 30. The coils 35 are connected to a 

power supply through electrical conductors (not shown). By varying the 

magnitude of the power supplied to the electromagnetic coils 35, the strength of 

the magnetic field applied to the MR fluid 33 can be varied. As a result, the 

resistance to flow or shear of the MR fluid 33, which affects the vibration

25 dampening characteristics of the support member 30, can be varied. The means 

by which the power supplied to the electromagnetic coils 35 is controlled is 

described below.
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An annular bearing seat 40 is secured within the central opening 3 la of

the bladder 31. The bladder 31 may be molded directly to the bearing seat 40, or 

may be secured thereto in any other suitable manner, such as with an adhesive. 

An annular roller bearing 50 is mounted in the bearing seat 40. The roller

5 bearing 50 is typically a ball type roller bearing, but may be any suitable anti­

friction bearing. One end of the rotatable, shaft 11 of the vehicle drive line is 

received and rotatably supported in the roller bearing 50.

As mentioned above, by varying the magnitude of the power supplied to 

the electromagnetic coils 35, the vibration dampening characteristics of the 

io support member 30 can be changed. Such changes are preferably effected in 

response to a change in one or more of the operating conditions of the vehicle. 

To accomplish this, sensors are provided for sensing one or more operating 

conditions of the vehicle. Referring'to Fig. 3, it can be seen that a plurality of 

sensors 60, 61, and 62 can be provided for monitoring the status of the vehicle 

15 operating conditions and for generating electrical signals which are

representative thereof. For example, some of the vehicle operating conditions 

which can be monitored by the sensors 60, 61, and 62 can include vehicle speed, 

vehicle acceleration, rotational speed of the shaft 11, angular displacement of the 

shaft 11, radial acceleration of the center bearing 50, axial acceleration of the 

20 center bearing 50, radial displacement of the center bearing 50, and axial 

displacement of the center bearing 50. If desired, however, other operating 

conditions of the vehicle may also be sensed and used to control the vibration 

dampening characteristics of the support member 30.

Each of the sensors 60, 61, and 62 is connected to an electronic circuit 70.

25 The electronic control circuit 70, which may be embodied as any conventional 

microprocessor or similar computing device, is programmed to continuously read 

the electrical signals from the sensors 60, 61, and 62 and to generate an electrical 

control signal in response to a pre-programmed algorithm. The algorithm used 
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by the electronic control circuit 70 can be easily derived using known vibration 

data or by testing on the vehicle. In the simplest embodiment of the invention, a 

single sensor 60 is used to monitor a single vehicle operating condition. By 

measuring the amount of vibration which is generated for given value of the 

5 sensed operating condition, a look-up table can be created which correlates the 

value of the sensed operating condition with a value for the control signal which 

will minimize the generation of such vibration. The same procedure can be 

followed when two or more operating conditions are sensed.

The output signal of the electronic control circuit 70 is connected to a 

io current driver circuit 71. The current driver circuit 71 is conventional in the art 

and is provided to convert the output signal from the controller 70 into a 

corresponding electrical current. The electrical current generated by the current 

driver circuit 71 is fed to the electromagnetic coils 35, which generate the 

magnetic field in response thereto. Thus, it can be seen that the magnitude of the 

15 output signal generated by the electronic control circuit 70 determines the 

magnitude of the electromagnetic field generated by the electromagnetic coils 35. 

Consequently, the ability of the MR fluid 33 contained in the cavity 32a of the 

bladder 32 to flow or shear can be varied. The vibration dampening 

characteristics of the support member 30 can, therefore, be continuously varied 

20 according to the control algorithm, and the information provided by the sensors 

60, 61, and 62.

A manual control device 80 may be directly connected to the driver 

circuit 71. The manual control device 80 can allow the operator of the vehicle to 

directly adjust the magnitude of the current supplied to the electromagnetic coils 

25 35. As a result, fine adjustment of the vibration dampening characteristics of the

support member 30 is permitted to reduce or eliminate any remaining vibrations 

transmitted to the vehicle frame. The manual control device 80 can be embodied 

as a simple potentiometer or other device which, in response to manual 
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manipulation, generates an output signal to the driver circuit 71. The manual 

control device 80 may be used in conjunction with the sensors 60, 61, and 62 

and the electronic control circu’’ 70, or in lieu thereof.

Additionally, it will be appreciated that the outputs of the sensors 60, 61

5 and 62 may be connected directly to the driver electronics 71 as shown by the 

dotted lines in Fig. 3, thereby eliminating the need for the electronic control 

circuit 70. In this arrangement, the sensors 60, 61, and 62 can function in a 

manner similar to the manual control device 80 described above, wherein the 

output signals therefrom are used directly by the driver circuit 71 to control the 

io magnitude of the electrical current supplied to the electromagnetic coils 35.

In accordance with the provisions of the patent statutes, the principle and 

mode of operation of this invention have been described in its preferred 

embodiment. However, it should be noted that this invention may be practiced 

otherwise than as specifically illustrated and described without departing from its 

15 spirit or scope.

« ·
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The claims defining the invention arc as follows:-
1. center bearing assembly adapted to rotatably support a rotatable shaft on a 

vehicle frame comprising:
an annular roller bearing adapted to rotatably support the rotatable shaft;

5 a bracket adapted to be secured to a vehicle frame; and
a support member supporting said roller bearing within said bracket, said support 

member containing a rheological fluid for modifying the relative movement between said 
roller bearing and said bracket.

2. The center bearing assembly defined in claim 1 further including means for 
io selectively applying an energy field to said rheological fluid.

3. The center bearing assembly defined in claim 2 wherein said rheological fluid 
is a magneto-rheological fluid, and wherein said means for applying an energy field 
includes an electromagnet.

4. The center bearing assembly defined in claim 1 further including a shaft 
is rotatably mounted within said center bearing.

5. The center bearing assembly defined in claim 1 wherein said bladder is 
generally annular in shape.

6. The center bearing assembly defined in claim 2 further including a sensor for 
sensing an operating condition of said vehicle, said means for selectively applying said

2o energy field being connected to said sensor so as to vary said energy field in response to 
said operating condition.

7. The center bearing assembly defined in claim 6 wherein said sensor senses the 
radial displacement of said center bearing.

8. The center bearing assembly defined in claim 6 wherein said sensor senses the 
25 axial displacement of said center bearing.

9. The center bearing assembly defined in claim 6 wherein said sensor senses the 
radial acceleration of said center bearing.

10. The center bearing assembly defined in claim 1 wherein said support member 
includes a bladder containing said rheological fluid.

30 11. The center bearing assembly defined in claim 6 further including a shaft
rotatably mounted within said center bearing, and wherein said sensor senses the angular 
displacement of said shaft.

12. A rotatable shaft and center bearing assembly adapted to rotatably mount the 
shaft to a vehicle frame, comprising:

35 a roller bearing;
a shaft rotatably mounted within said roller bearing;
a bracket adapted to be secured to a vehicle frame; and
a support member supporting said roller bearing within said bracket, said support

(N:\I.1U1.LJO1296:KEU
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13. The rotatable shaft and center bearing assembly defined in claim 12 further 

including means for selectively applying an energy field to said rheological fluid.
14. The rotatable shaft and center bearing assembly defined in claim 13 wherein 

said rheological fluid is a magneto-rheological fluid, and wherein said means for
5 selectively applying said energy field includes an electromagnet.

15. The rotatable shaft and center bearing assembly defined in claim 13 further 
including a sensor for sensing an operating condition of said vehicle, said means for 
selectively applying said energy field being connected to said sensor so as to vary said 
energy field in response to said operating condition.

io 16. A vehicle comprising:
a frame;
a roller bearing;
a shaft rotatably mounted within said roller bearing;
a bracket secured to said frame; and

15 a support member supporting said roller bearing within said bracket, said support 
member including a bladder containing a rheological fluid.

17. The vehicle defined in claim 16 further including means for selectively 
applying an energy field to said rheological fluid.

18. The vehicle defined in claim 17 wherein said rheological fluid is a magneto- 
t

20 rheological fluid, and wherein said means for selectively applying said energy field 
includes an electromagnet.

19. The vehicle defined in claim 17 further including a sensor for sensing an 
operating condition of said vehicle, said means for selectively applying said energy field 
being connected to said sensor so as to vary said energy field in response to said operating

25 condition.
20. A center bearing assembly, substantially as hereinbefore described with 

reference to the accompanying drawings.
21. A rotatable shaft and center bearing assembly, substantially as hereinbefore 

described with reference to the accompanying drawings.
30 22. A vehicle, substantially as hereinbefore described with reference to the

accompanying drawings.

Dated 9 February, 1998
Dana Corporation

Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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Center Bearing Assembly Including Support Member 

Containing Rheological Fluid
ABSTRACT

A center bearing assembly (10) Includes a roller bearing adapted to 

5 receive and rotatably support a coupling shaft (11) and a bracket (20)

adapted to be secured to a vehicle frame (12). A support member (30) is

provided which supports the roller bearing (50) within the bracket (20). 

The support member (30) includes a bladder (31) formed of an elastomeric 
material. The bladder (31) contains a rheological fluid (33) which

10 exhibits a significant change in its ability to flow or shear upon the

application of an appropriate energy field. Preferably, the bladder (31) 

contains a magneto-rheological magnetic fluid. By varying the power 

supplied to an electromagnet (35) located adjacent the bladder (31) the 

vibration dampening characteristics of the support member (30) may be 

15 varied depending upon the operating conditions of the vehicle.

2957F/CMS
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