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(57) Abstract: A split bushing torque strut isolator assembly for a vehicle is provided. The assembly includes a lower bushing (34)
contigured to be disposed in a vehicle structural component (14), a bushing housing (40) configured to be coupled to the vehicle
structural component (14), an upper bushing (36) disposed at least partially within the bushing housing (40), the upper bushing (36)
being separate from the lower bushing (34), and a torque rod (38) having a first end (56) and a second end (58), the second end (58)
being disposed between the upper and lower bushings (34, 36). A method of assembling the split bushing torque strut isolator as-
sembly is also provided.
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SPLIT BUSHING TORQUE STRUT ISOLATOR ASSEMBLY

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit of U.S. Patent Application
Serial No. 14/812,105, filed on July 29, 2015. The disclosure of the above

application is incorporated herein by reference in its entirety.

FIELD
[0002] The present application relates generally to a torque strut
isolator assembly for a vehicle and, more particularly, to a split bushing torque

strut isolator assembly.

BACKGROUND

[0003] It is well known to utilize a torque strut between an engine
and vehicle chassis to control pitching of a power train. Typically, elastomeric
bushings are used at pivot connections of the torque strut to provide a soft
substantially linear spring rate at small vibratory pitching amplitudes occurring
with low torque. In addition, the bushings may be configured so that for large
pitching powertrain amplitudes occurring at high torque, the strut mounts
additionally provide non-linear rates that increase with increasing large
pitching amplitudes so as to isolate such pitching vibrations of the power train.
However, conventional torque struts are typically not usable in all-wheel drive
applications or may provide limited options for assembling the engine to the
cradle or vehicle body. Thus, while conventional torque struts work for their

intended purpose, there remains a need for improvement in the relevant art.

SUMMARY
[0004] In one aspect, a split bushing torque strut isolator assembly
for a vehicle is provided. The assembly includes a lower bushing configured
to be disposed in a vehicle structural component, a bushing housing
configured to be coupled to the vehicle structural component, an upper
bushing disposed at least partially within the bushing housing, the upper

bushing being separate from the lower bushing, and a torque rod having a
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first end and a second end, the second end being disposed between the
upper and lower bushings.

[0005] In addition to the foregoing, the described assembly may
include one or more of the following features: wherein the upper and lower
bushings are elastomeric bushings; wherein the lower bushing comprises an
inner diameter configured to receive a fastener; wherein the torque rod
comprises an aperture configured to receive the fastener; wherein the upper
bushing comprises an inner diameter configured to receive the fastener,
wherein the lower bushing comprises a first notched portion, and the upper
bushing comprises a second notched portion; wherein the torque rod second
end is disposed between the first and second notched portions and is at least
partially supported by the upper and lower bushings; wherein the vehicle
structural component is a vehicle cradle and the torque rod first end is
configured to be coupled to a vehicle engine; and wherein the bushing
housing is positioned over the lower bushing such that the upper bushing is
positioned over the lower bushing and the upper bushing is not positioned in
the cradle.

[0006] In another aspect, a method of assembling a split bushing
torque strut isolator assembly is provided. The method includes providing a
cradle, inserting a lower bushing into the cradle, and lowering a torque rod
onto the lower bushing. The method further includes providing a bushing
housing having an upper bushing disposed at least partially in the bushing
housing, orienting the bushing housing over the torque rod such that the
torque rod is disposed between the upper and lower bushings, and coupling
the bushing housing to the cradle.

[0007] In addition to the foregoing, the method may include one or
more of the following features: wherein lowering a torque rod comprises
vertically lowering a torque rod onto the lower bushing; disposing the upper
bushing in the bushing housing; inserting a fastener through the lower
bushing, the torque rod, and the upper bushing; coupling the torque rod to a
vehicle engine; coupling the torque rod to a bracket coupled to a vehicle
engine; and wherein the torque rod is lowered onto the lower bushing without

horizontal movement of the torque rod.
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[0008] Further areas of applicability of the teachings of the present
disclosure will become apparent from the detailed description, claims and the
drawings provided hereinafter, wherein like reference numerals refer to like
features throughout the several views of the drawings. It should be
understood that the detailed description, including disclosed embodiments
and drawings references therein, are merely exemplary in nature intended for
purposes of illustration only and are not intended to limit the scope of the
present disclosure, its application or uses. Thus, variations that do not depart
from the gist of the present disclosure are intended to be within the scope of

the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1is a plan view of a vehicle having an exemplary torque
strut isolator assembly in accordance with the principles of the present
disclosure;

[0010] FIG. 2 is a perspective view of the vehicle shown in FIG. 1
and illustrating an exemplary torque strut isolator assembly in accordance
with the principles of the present disclosure;

[0011] FIG. 3 is a partially exploded view of the torque strut isolator
assembly that may be utilized with the vehicle as shown in FIGS. 1 and 2 in
accordance with the principles of the present disclosure;

[0012] FIG. 4 is a sectional view of the torque strut isolator
assembly in accordance with the principles of the present disclosure;

[0013] FIG. 5 is a perspective view of the torque strut isolator
assembly shown in FIGS. 1-4 mounted to a cradle in accordance with the
principles of the present disclosure; and

[0014] FIG. 6 is a flow diagram of an exemplary method of
assembling the torque strut assembly shown in FIGS. 1-5 in accordance with

the principles of the present disclosure.

DETAILED DESCRIPTION
[00156] With initial reference to FIGS. 1 and 2, a front portion of a

vehicle 10 is illustrated. The front portion of vehicle 10 generally includes a
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vehicle body and/or frame 12, a vehicle structural component or cradle 14, an
engine 16, a transmission 18, and a power takeoff unit (PTU) 20. Engine 16
and transmission 18 are respectively mounted to frame 12 with an engine
mount 22 and a transmission mount 24 (FIG. 1). PTU 20 is operably coupled
to engine 16 and transmission 18 and is configured to provide vehicle 10 with
all-wheel drive or four-wheel drive capability.

[0016] With additional reference to FIGS. 3-5, vehicle 10 includes
an exemplary split bushing torque strut isolator assembly 30 configured to be
coupled between cradle 14 and engine 16. Torque strut isolator assembly 30
is configured to dampen forces (i.e., vibration and torque input) imparted by
engine 16 onto vehicle frame 12. As shown in FIG. 2, torque strut isolator
assembly 30 is coupled to engine 16 with a bracket 32. Although torque strut
isolator assembly 30 is illustrated coupled between cradle 14 and engine 16,
the assembly 30 may be utilized in various other locations of vehicle 10 or in
various other vehicles.

[0017] In the illustrated exemplary embodiment, torque strut isolator
assembly 30 generally includes a first or lower bushing 34, a second or upper
bushing 36, a torque rod 38, and an upper bushing housing 40. In one
embodiment, bushing 34 and/or 36 are fabricated from an elastomeric
material and housing 40 is fabricated from a metal such as aluminum.
However, bushings 34, 36 and housing 40 may be fabricated from a
structurally rigid material (e.g., aluminum).

[0018] Lower bushing 34 includes an inner diameter 42 configured
to receive a bolt or fastener 44 (FIG. 4), an outer diameter 46, and a notched
portion 48 configured to provide clearance for at least a portion of torque rod
38. Lower bushing 34 is disposed (e.g., pressed) in a lower bushing receiving
aperture 26 (see FIGS. 3 and 4) formed in cradle 14.

[0019] Upper bushing 36 includes an inner diameter 50 configured
to receive fastener 44, an outer diameter 52, and a notched portion 54
configured to provide clearance for at least a portion of torque rod 38. Upper
bushing 36 is disposed (e.g., pressed) into upper bushing housing 40.

[0020] Torque rod 38 includes a first end 56 and a second end 58
(see FIGS. 3 and 4). Torque rod first end 56 includes an aperture 60
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configured to receive a bolt or fastener 64 (FIG. 2), and rod second end 58
includes an aperture 62 configured to receive fastener 44. As such, torque
rod 38 is pivotally mounted to bracket 32 at torque rod first end 56. A
clearance or notch 28 (FIG. 5) is formed in cradle 14, and a clearance or
notch 49 is formed in bushing housing 40 (see FIG. 5) to provide clearance for
pivotal movement of torque rod 38. In the illustrated configuration, bushing
housing 40 provides additional stiffness to cradle 14 in the area of notch 28.

[0021] Asillustrated in FIGS. 4 and 5, torque rod second end 58 is
disposed between bushings 34, 36 within notched portions 48, 54.
Accordingly, lower bushing inner diameter 42, upper bushing inner diameter
50, and torque rod second end aperture 62 are aligned to receive fastener 44
(FIG. 4). As can be seen, bushings 34, 36 engage and support or at least
partially support torque rod 38 at its second end 58.

[0022] Upper bushing housing 40 includes a bushing aperture 66
and one or more fastener apertures 68. Bushing aperture 66 is configured to
receive at least a portion of upper bushing 36. In the exemplary embodiment,
upper bushing 36 is disposed within housing 40 such upper bushing 36 is not
disposed within or constrained by cradle 14. Fastener apertures 68 are
configured to receive fasteners 70 to couple bushing housing 40 to cradle 14.
Accordingly, upper bushing housing 40 provides increased stiffness to cradle
14, which results in improved vehicle structure for improved noise, vibration,
harshness (NVH) and dynamics performance.

[0023] Further, the split configuration of torque strut isolator
assembly 30 enables a top-down assembly of engine 16, transmission 18,
and PTU 20. As shown in FIG. 6 and with general reference to FIGS. 1-5, an
exemplary top-down assembly method 100 begins at step 102 by inserting or
disposing lower bushing 34 in lower bushing receiving aperture 26. At step
104, torque rod 38 is coupled to bracket 32, which is coupled to engine 16,
and engine 16 may be coupled to transmission 18 and/or PTU 20. At step
106, engine 16 is lowered vertically toward cradle 14 such that torque rod
second end 58 is lowered onto lower bushing 34. In particular, torque rod

second end 58 is positioned in lower bushing notched portion 48. It will be
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understood that, in one exemplary embodiment, the above steps are
performed independent of and before upper bushing is installed.

[0024] At step 108, upper bushing 36 is then inserted or disposed in
bushing aperture 66 of bushing housing 40. At step 110, bushing housing 40
is positioned on cradle 14 over (i.e., above) lower bushing 34 such that inner
diameter 42, inner diameter 50, and aperture 62 are aligned or substantially
aligned. At step 112, fastener 44 or other securing device is inserted through
inner diameter 42, inner diameter 50, and aperture 62 to couple lower bushing
34, upper bushing 36, and torque rod 38. At step 114, fasteners 70 are
inserted into fastener apertures 68 to couple upper bushing housing 40 to
cradle 14. However, bushing housing 40 may be coupled to cradle 14 using
any suitable method (e.g., welding). Accordingly, method 100 in connection
with the split configuration (i.e., two-piece bushing construction) of the torque
rod isolator assembly 30 enables torque rod 38 and thus engine 16 to be
lowered vertically without requiring horizontal movement to position the torque
rod between the bushings. Further, the two-piece construction (i.e., bushing
housing 40 assembled onto cradle 14 after torque rod 38 is in place) enables
various other assembly orientations/methods that were not practical or
possible with a PTU or similar device.

[0025] Described herein are systems and methods for a torque strut
isolator assembly. The assembly includes a first and second separate
bushings, a torque rod, and a bushing housing. The first bushing is disposed
in a vehicle cradle, and the second bushing is disposed in the bushing
housing. The torque rod is positioned on the first bushing, and the bushing
housing along with the second bushing are positioned over the torque rod.
The bushing housing is subsequently coupled to the cradle. Accordingly, the
system provides a top down assembly and increases cradle strength/stiffness.
The system allows the torque rod to remain straight (axially) as opposed to a
single shear design where the torque rod cannot be straight in a system
where the elastic centers of two bushings are required to be in-line. The
multi-piece design allows tuning of the bushings differently for various driving
conditions, and the bolt-on upper bushing allows an assembly where the

various components need to stack up in a vertical/vehicle z-direction.
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[0026] It should be understood that the mixing and matching of
features, elements and/or functions between various examples may be
expressly contemplated herein so that one skilled in the art would appreciate
from the present teachings that features, elements and/or functions of one
example may be incorporated into another example as appropriate, unless
described otherwise above.
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CLAIMS
What is claimed is:

1. A split bushing torque strut isolator assembly for a vehicle, the
assembly comprising:

a lower bushing configured to be disposed in a vehicle structural
component;

a bushing housing configured to be coupled to the vehicle structural
component;

an upper bushing disposed at least partially within the bushing housing,
the upper bushing being separate from the lower bushing; and

a torque rod having a first end and a second end, the second end

being disposed between the upper and lower bushings.

2. The assembly of claim 1, wherein the vehicle structural
component is a vehicle cradle and the torque rod first end is configured to be

coupled to a vehicle engine.

3. The assembly of claim 1, wherein the lower bushing comprises
a first notched portion, and the upper bushing comprises a second notched

portion.

4. The assembly of claim 3, wherein the torque rod second end is
disposed between the first and second notched portions and is at least

partially supported by the upper and lower bushings.

5. The assembly of claim 1, wherein the bushing housing is
positioned over the lower bushing such that the upper bushing is positioned

over the lower bushing and the upper bushing is not positioned in the cradle.

6. The assembly of claim 1, wherein the upper and lower bushings

are elastomeric bushings.
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7. The assembly of claim 1, wherein the lower bushing comprises

an inner diameter configured to receive a fastener.

8. The assembly of claim 7, wherein the torque rod comprises an

aperture configured to receive the fastener.

9. The assembly of claim 8, wherein the upper bushing comprises

an inner diameter configured to receive the fastener.

10. A method of assembling a split bushing torque strut isolator

assembly, the method comprising:

providing a cradle;

inserting a lower bushing into the cradle;

lowering a torque rod onto the lower bushing;

providing a bushing housing having an upper bushing disposed
at least partially in the bushing housing;

orienting the bushing housing over the torque rod such that the
torque rod is disposed between the upper and lower bushings; and

coupling the bushing housing to the cradle.

11.  The method of claim 10, wherein lowering the torque rod
comprises vertically lowering the torque rod onto the lower bushing without

horizontal movement of the torque rod.

12.  The method of claim 10, wherein orienting the bushing housing
over the torque rod includes orienting the bushing housing over the torque rod
such that the torque rod is disposed in notched portions of the upper and

lower bushings and the upper bushing is not positioned in the cradle.

13.  The method of claim 10, further comprising disposing the upper

bushing in the bushing housing.
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14.  The method of claim 10, further comprising inserting a fastener

through the lower bushing, the torque rod, and the upper bushing.

15.  The method of claim 10, further comprising coupling the torque

rod to a vehicle engine.

16.  The method of claim 10, further comprising coupling the torque

rod to a bracket coupled to a vehicle engine.

10
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