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FIG. 1

(57) Abstract: A vehicle suspension having
front and rear cross members each having a
vertically extending base, an upper flange, a
lower tlange, a left side air spring supportt,
and a right side air spring support, left and
right side longitudinal members extending
between the front cross member and the rear
cross member, each having a vertically ex-
tending base, an upper flange, and a lower
flange, wherein the upper and lower flanges
on the left side longitudinal member are
bolted to the upper and lower tlanges of a left
side of the front and rear cross members, and
wherein the upper and lower flanges on the
right side longitudinal member are bolted to
the upper and lower tlanges of a right side of
the front and rear cross members.
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FOUR-BAG VEHICLE SUSPENSION

CROSS-REFERENCE TO RELATED APPLICATION

This application claims priority to U.S. Provisional Application No. 62/138.858, filed
March 26, 2015, and U.S. Patent Application No. 15/077,100, filed March 22, 2016, the
disclosures of which are hereby incorporated by reference in their entireties.

BACKGROUND

The present vention generally relates to vehicle suspensions. More particularly, the
present mvention relates to vehicle suspensions having a frame assembly base for use with
four-air spring or four-bag suspensions commonly used with coaches and passenger buses.
The use of air springs provides a great deal of nding comfort for passengers having a soft
suspension.  In addition, because of the wide spacing that may be used with air springs, the
use of air springs also provides a hugh degree of roli stiffness.

Existing four-bag suspension designs typically use castings or forgings that are
welded together for the four-bag frame assembly components which support the axle.
Castings and forging are heavy and tvpically require the four-bag frame assembly to be built
on site where they will be installed, as once the frame assembly components are assembled
and welded together they are difficalt to ship.  In addition, different customers desire
differing four-bag frame asscrbly dimensions based on their particular noeds. As a result, it
would be desirable to provide a four-bag frame assembly that 1s lighter than typical designs,
and that can be readily modified to adapt to particular customer demands.

SUMMARY

In onc aspect, a vehicle suspension is provided having tront and rear cross members
cach having a vertically extending base, an upper flange, a lower flange, a lefi side air spring
support, and a rnight side air spring support, left and nght side longitudinal members
extending between the front cross member and the rear cross member, each having a
vertically extending base, an upper flange, and a lower flange, whercin the upper and lower
flanges on the left side longitudinal member are bolted to the upper and lower flanges of a
left side of the front and rear ¢ross members, and wherein the upper and lower flanges on the
right side longttudinal meniber are bolted to the upper and lower flanges of a right side of the
front and rear cross members. In some embodiments, the cross members and longitudinal
members are C-channels having a C-shaped cross-section, and in other embodiments the

cross members and longitudinal members may be I-beams having an I-shaped cross section,
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or other geometrics suitable for bolted connection may be used. The use of C-channels for
the cross members and longitudinal members allows for them to be of a lighter weight in
comparison to castings and forgings. The use of C-channels allows for a reduction n
matenal required that provides a cost savings to the manufacturer, and provides for greater
fuel efficiency for the vehicle m which the suspension is mstalled.

The front and rear cross members may advantageously be bolted to the left and nght
side longitudinal members as well. The upper flanges of the cross members are bolted to the
apper flanges of the longitudinal members and the lower flanges of the cross members are
bolted to the lower flanges of the longitudinal members. A bolted connection between the
flanges of the cross members and longitudinal members advantageously aliows for the cross
members and Jongitudinal members to be shipped as components in an unbolted state. In
addition, the bolted connections allow for greater flexability in the frame assembly design.
For example, if a wider spacing is requured for a particular customer, the C-channels can be
provided with different bolt-hole patierns to accommodate the particular customer
requirements, using the same basic C-channel part. This provides a significant advantage
over welded frame assemblies. Furthermore, damaged components may be more easily
removed and replaced as compared to welded designs where the entire suspension may need
to be replaced.

In addition, the front and rear cross members may also advantageously have the same
size and dimensions, so that a single C-channel can be used as the front or rear cross member.
Similarly, the right and lcf side longitudinal members may also have the same size and
dimensions, so that a single C-channel can be used as cither the right side or left side
longitudinal member. Thus, a single part number may be used for the front and rear cross
members and a single part number may be used for the right and left side longitudinal
members, cutting the cost of inventory in half.

In another aspect, a vehicle suspension for supporting an axle of a vehicle is provided
mcluding a front cross member having a vertically extending base. an upper flange extending
from a iop of the base, a lower flange extending from a bottom of the base, a lett side air
spring support, and a right side air spring support, a rear cross member having a vertically
extending base, an upper flange extending from a top of the base, a lower flange extending
from a bottom of the base, a left side air spring support, and a right side air spring support, &
left side longitudinal member extending between the front cross member and the rear cross
member, the lefi-side longitudinal member having a vertically extending base, an upper

flange extending from a top of the base, and a lower flange extending from a bottom of the
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base, a right side longitudinal member extending between the front cross member and the rear
cross member, the right side longitudinal member having a vertically extending base. an
upper flange extending from a top of the base, and a lower flange extending from a bottom of
the base, wherein the upper flange on a front end of the left side longitudinal member has one
or more bolt holes corresponding to one more bolt holes on the vpper flange of a left side of
the front cross member adapted to provide a bolted connection between the upper flange of
the left side longitudinal member and the upper flange of the front cross member, wheremn the
lower flange on a front end of the left side longitudinal member has one or more bolt holes
corresponding to one more bolt holes on the lower flange of the left side of the front cross
member adapted to provide a bolted connection between the lower flange of the left side
longitudinal member and the lower flange of the front cross member, wherein the upper
flange on a rear end of the left side longitudinal member has one or more bolt holes
corrgsponding to one more bolt holes on the upper flange of a left side of the rear cross
member adapted to provide a bolted connection between the upper flange of the left side
longitudinal member and the upper flange of the rear cross member, wherein the lower flange
on a rear end of the left side longitudinal member has one or more bolt holes corresponding
to one more bolt holes on the lower flange of the left side of the rear cross member adapted to
provide a bolted comnection between the lower flange of the left side longitudinal member
and the lower flange of the rear cross member, wherein the upper flange on a front end of the
right side longitudinal member has one or more boli holes corresponding to one more bolt
holes on the upper flange of a right side of the front cross member adapted to provide a bolted
connection between the upper flange of the nght side longitudinal member and the upper
flange of the front cross member, wheremn the lower flange on a front end of the right side
longitudinal member has one or more bolt holes corresponding to one more bolt holes on the
lower flange of the right side of the front cross member adapted to provide a bolted
connection between the lower flange of the right side longitudinal member and the lower
flange of the front cross member, wherein the apper flange on a rear end of the right side
longrudinal member bas one or more bolt holes corresponding to one more boit holes on the
upper flange of a night side of the rear cross member adapted to provide a bolted connection
between the upper flange of the right side longitudinal member and the upper flange of the
rear cross member, and wherein the lower flange on a rear end of the right side longitudinal
member has one or more bolt holes corresponding to one more bolt holes on the lower flange

of the right side of the rear cross member adapted to provide a bolted commection between the
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lower flange of the night side longitadmal member and the lower flange of the rear cross
member.

In a further aspect, a vehicle suspension for supporting an axle of a vehicle is
provided including a front cross member having a vertically extending base, an upper tlange
extending from a top of the base, a lower flange extending from a bottom of a base, a left side
air spring support, and a right side air spring support. a rear cross member having a vertically
extending base, an upper flange extending from a top of the base, a lower flange extending
from a bottom of a base, a left side air spring support, and a right side air spring support, a
left side longitedinal member extending between the front cross member and the rear cross
member, the left-side longitudinal member having a vertically extending base, an upper
flange extending from a top of the base, and a lower flange extendmng from a bottom of a
base, a right side longitudinal member extending between the front cross member and the rear
cross member, the right side longitudinal member having a vertically extending base, an
upper flange extending from a top of the base, and a lower flange extending from a bottom of
a base, wherein the upper flange on a front end of the left side longitudinal member is bolted
to the upper flange of a left side of the front cross member, wherein the lower flange on a
front end of the left side longitudinal member is bolted to the lower flange of the left side of
the front cross member, wherein the upper flange on a rear end of the left side longitudinal
member is bolted to the upper flange of a left side of the rear cross member, wherein the
lower flange on a rear end of the left side longitudinal member is bolted to the lower flange of
the Icft side of the rear cross member, wherein the upper flange on a front end of the night
side longitudinal member is bolted to the tront cross member, wherein the lower flange on a
front end of the right side longitudinal member 13 bolted to the lower Hlange of the right side
of the front cross member, wherein the upper flange on a rear end of the right side
tongitudinal member 1s bolied to the upper flange of a right side of the rear cross member,
and wherein the lower flange on a rear end of the right side longitudinal member is bolted to
the lower flange of the right side of the rear cross member.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the mvention are described herein with reference to the
drawings, wherein like parts are designated by like reference numerals, and wherein:

Figure 1 is a front perspective view of four-bag vehicle suspension 50 with axde 90
positioned thercon, according to an example embodiment;

Figure 2 1s a perspective view of vehicle saspension 30 shown m Figore 1 with air

springs #0a-d positioned on the air spring supports;
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Figure 3 is a perspective view of the vehicle saspension 56 shown in Figures 1 and 2
without the air springs;

Figure 4 is a top view of the vehicle suspension 50 shown in Figure 3;

Figure 3 1s a boitom view of the vehicle suspension 50 shown in Figures 3 and 4;

Figure 6A 1s a nght side view of vehicle suspension 36 shown in Figures 3-5;

Figurc 6B is a left side view of vehbicle suspension 50 shown in Figures 3-6A;

Figurc 7A is a front view of vehicle suspension 50 shown in Figures 3-6B;

Figure 7B is a rear view of vehicle suspension 30 shown in Figures 3-7A;

Figure %A is a close up front perspective view of vehicle suspension 30 shown in
Figure 1, showing control rod attachment 66 positioned within right side Jongitudinal
member 62;

Figure 8B i3 a close up front perspective view of vehicle suspension 50 shown in
Figure 8A with front cross member 70 removed to betier show control rod aftachment 66; and

Figurc 9 is a close up perspective view of left side longttudinal member 62 bolted to
front cross member 70, showing gusset 90 bolted to both the left side longitudinal member 62
and front cross member 70

DETAILED DESCRIPTION OF THE INVENTION
¢ present embodiments are directed to a four-air spring suspension {also referred to
as a four-bag suspension) typically used on buses and coaches, and may be used in the rear
suspension of a bus chassis.  The air springs provide for a soft suspension that provides a
high degree of comfort for the passengers, and the large spacing of the air springs provides
for a high degree of roll stiffness and stability.

Figure 1 13 a front perspective view of four-bag vehicle suspension 50. Vehicle
suspension 50 includes fromt cross member 70 and rear cross member 72, Front cross
member 70 1s bolted to left side longitudinal member 62 and also bolted to nght side
longitudinal member 60, Similarly, rear cross member 72 is bolted to left side longitudinal
member 62 and also bolted to right side longitudinal member 60. Air springs 80a and S0b arc
positioned on opposite ends of the rear cross member 72, Awr spring 80¢ is positioned on the
left end of front cross member 70. A combined air spring/damper 81 is shown positioned on
the right end of the front cross member, although in operation an air spring hke air springs
80a-80d would be used when using air springs 80a-¢ and a shock absorber would be added.
References to right and left side are based on looking forward from the rear cross member 72
to the front cross member 70. Vehicle suspension 50 could be utilized with four air springs,

such as air springs 80a-d as shown in Figure 2, or vehicle suspension 50 could be utilized
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with four combined air spring/dampers like combined air spring damper 81. Combined air
spring/damper 81 may be designed in accordance with U.S. Patent No. 8,540,222 entitled
“Air Spring For A Heavv-Duty Vehicle With Damping Features” issucd on September 24,
2013, and assigned 1o the assignee of the present application, and incorporated by reference
herein. An advantage of using the combingd air spring/damper is that the need for a separate
shock absorber next to the air spring may be eliminated. The sizing of the air springs and/or
combined air spring/dampers is dependent on the load to be camed, but are generally 12
mmches in diameter. The air springs are thin-walled inflate nubber inflatable above 100 pst.

In Figure 1, axle 90 is shown positioned over and secured to the left and right
longitudinal members 60 and 62. Tire 100 is attached to axle 90 and is positioned between
air spring 80a and combined air spring/damper 81, and tire 102 is attached to axle 90 and
positioned between air springs 80b and 80¢. Spacing should be provided to accommodate for
the size of the tires 100 and 102, To accommodate the largest tires having a diameter of 295
mm on a 24.5 inch wheel or rim, the spacing between air spring 80a and combined air
spring/damper 81, and the spacing between air springs 80b and 80c in some embodiments
may be 61.2 inches measured from centerline to centerling of the air springs 80b and 80c.
The spacing, however, is dictated by the size of the tire being used. The spacing between the
rear air springs 80a and 80b, and the spacing between front air spring 80c and combined air
spring/damper 81 may be 76.9 inches measured from centerline to centerline of air spring 80¢
and combined air spring/damper 81, Alternaie spacing may be provided depending on the
application.

Furthermore, the term “longitudinal” is to be construed broadly and does not require
that the left and right longitudinal members 62, 60 are parallel to cach other or aligned with
an axial centerline of the vehicle, rather the term “longitudinal” simply means that the
longitudinal members extend between the cross members 70, 72 and can be offset up to 30
degrees from the centerline of the vehicle.

Figure 2 is a perspective view of vehicle suspension 50 shown in Figure 1 with the
axle 90 and tires 100, 102 removed, and with air spring 80d replacing combined air
sprimg/damper 81 from Figwre 1. Thus, m Figure 2, four air springs 80a-d are shown
positioned on the ends of the front and rear cross members 70, 72, Rear cross member 72 i
bolted to left and night side longitudinal members 62, 60, and front cross member 70 is bohed
to left and right side longitudinal members 62, 60.

Referring now to Figure 3 and 4, Figure 3 is a perspective view of the vehicle

suspension 50 shown in Figure 2 without the air springs 80a-d and Figure 4 is a top view of
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vehicle suspension 50.  Front cross member 70 may be constructed from a C-channel having
a C-shaped cross-section including a vertically extending base 70b, an upper flange 70a, a
lower flange 70c, a loft side air spring support 76b, and a night side air spring support 76a.
Air spring supports 76a and 76b may be welded to the front cross member 70 to provide the
air spring sepport. One or more holes 73 may be cut out of the vertically extending base 70b
to reduce weight.  Similarly, rear cross member 72 may be made constructed from a C-
channel baving a C-shaped cross-section including a vertically extending base 72b, an upper
flange 72a, a lower flange 72¢, a left side air spring support 74b, and a right side air spring
support 7da. Air spring supports 74a and 74b may be welded to the rear cross member 72 to
provide the air spring support. One or more holes 75 may be cut out of the vertically
extending base 72b to reduce weight.

Left side longitadinal member 62 extends between the front cross member 70 and the
rear cross member 72, Left side longitudinal member 62 includes a vertically extending base
{not visiblc}, an upper flange 62a, and a lower flange 62¢. Left side longitudinal member 62
may turther include an axle seat 65b on the upper flange 62a and a baffle 64 positioned
between the upper flange 62a and lower flange 62¢ and beneath the axle seat 65b to support
the Icft side of an axle.

Similarly, right side longitudinal member 60 extends between the front cross member
70 and the rear cross member 72, Right side longitudinal member 60 includes a vertically
extending base 60b, an upper flange 60a, and a lower flange 60c¢ {shown 1n Figure 5). Right
side longitudinal member 60 may further include an axle seat 65a on the upper flange 60a and
a baftle (not visible} positioned between the upper flange 60a and lower flange 60c and
beneath the axle seat 65a to support the right side of an axle.

Upper flange 62a of the left side longitudinal member 62 1s bolted to upper flange 70a
of the front cross member 70 using bolts 78a and 78b, and as shown in Figure 35, the lower
flange 62¢ of lefi side longitudinal member 62 15 bolted to the lower flange 70¢ of the front
cross member 70 using bolts 78¢ and 78f. Upper flange 62a of left side longitudinal member
62 1s also bolted to upper flange 72a of rear cross member 72 using bolts 79a and 79b, and as
shown m Figure 5, the lower flange 62¢ of lett side longitudinal member 62 is bolted to the
lower flange 70c of the rear cross member 70 using bolts 7% and 79f.

In some embodiments, as shown in the Figures of the present application, the cross
members 70, 72, and longitudinal members are constructed of C-channels having a C-shaped
cross-section and are made from 25 mch thick Grade 80 sheet stecl, and other thicknesses

and materials may also be used. In other embodiments the cross members and longitudinal
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members may be I-becams having an I-shaped, or have other geometry switable for bolted
attachment to cach other.

The use of C-channels for the cross members 70, 72 and longitudmal members 69,
62 allows for them to be of a lighter weight in comparison to castings and forgings, and may
provide up to a third less weight or more. The use of C-channels allows for a reduction
material required that provides a cost savings to the manufacturer, and provides for greater
fuel efficieney for the vehicle in which the suspension is mstalled.

The front and rear cross members 70, 72 are advantageously bolted to the longitudinal
members 60, 62 as well, The bolted connections between the flanges of the cross members
and flanges of the longitudinal members allow for the cross members 70, 72 and longitudinal
members 60, 62 to be shipped as components in an unbolted together state. In addition, the
bolted connections allow for greater flexibility in the frame assembly design. For example, if
a wider spacing is required for a particular customer, the C-channels can be provided with
different bolt-hole patterns to accommodate the particular customer requirements, using the
same Dbasic C-channel part. This provides a significant advantage over welded frame
assemblics.

Furthermore, 1f one of the cross members or longitudinal members becormes damaged,
the damages component may be simply unbolted from the vehicle suspension and replaced.
In welded designs, when one component becomes damaged it may be necessary to replace
the entire suspension.

In Figure 3, a control rod attachment 66 is shown positioned between upper flange
62a and lower flange 62¢ of the left side longitudinal member 62, 1t is bolted to the upper
flange 62a using bolts 66a and 66b, and lower flange 62 using bolts 66¢ (shown n Figure 5)
and 66f. Further details of the control rod attachment 66 are shown in Figure 8A and 3B and
described m in greater detail below. Another control attachment (not visible) is positioned
between the upper and lower flanges of the right side longitudinal member 60 and bolted o
upper flange 60a with bolts 66¢ and 66d, and bolted to lower flange 60c¢ with bolts 66g and
66h (shown in Figure 3},

Figure 5 15 a bottom view of the vehicle suspension 30 shown in Figures 3 and 4.
Lower flange 72¢ of rear cross member 72 is bolted to the lower flange 62¢ of left side
longitudinal member 62 with bolts 79¢ and 79€. and lower flange 72¢ of rear cross member
72 1is bolted the lower flange 60c of right side longitudinal member 60 with bolts 79g and
7%. The bottoms of atr spring supports 74a and 74b are also shown in rear cross member 72.

Similarly, lower flange 70c of front cross member 70 is bolted to the lower flange 62¢ of left
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side longitudinal member 62 with bolts 78¢ and 78f and lower flange 70¢ of front cross
member 70 is bolted the lower flange 60c¢ of right side longitudinal member 60 with bolis 73g
and 7%h. The bottoms of air spring supports 76a and 76b arc also shown in front cross
member 70

Also shown in Figare 5 is gusset 90 bolted to front cross member 70 and left side
longitudinal member 62 with bolts 90a and 90b, and gusset 92 bolted o rear cross member 72
and left side longitudinal member 62 with bolis 92a and 97b. Gussets 90 and 92 provide
additional strength to vehicle suspension 50, Further details of gusset 90 are illustrated n
Figure 9 and described in further detat below. Although not shown here, it is contemplated
that gussets like gussets 90 and 92 could be used on the opposiic side of the vehicle
suspension as well.  The bolts used to attach the cross member members 70, 72, and
longitudinal members 60, 62 may be Class 8 bolts having a % inch diameter and tightened
with class C nuts, although different sized bolts and nuts may also be used, depending on the
application.

Figure 64 i3 a nght side view of vehicle suspension 50 shown i Figures 3-5. Right
side longitodinal member 60 is shown with upper flange 60a bolted to front cross member 70
with bolts 78a and 78b, and lower flange 60¢ bolted to front cross member 70 with bolts 78¢
and 78f. Similarly, right side longitudinal member 60 1s shown with upper flange 60a bolted
to rear cross member 72 with bolts 79¢ and 794, and lower Hlange 60c¢ bolted to rear cross
member 72 with bolts 79g and 7%

Figurc 6B is a left side view of vehicle suspension 30 shown in Figures 3-6A. Left
side longitudinal member 62 is shown with upper flange 62a bolted to front cross member 70
with bolts 78a and 78b, and lower flange 60¢ bolted to front cross member 70 with bolts 78
and 78f. Simiarly, lef side longitudinal member 60 is shown with upper flange 60a bolted to
rear cross member 72 with bolts 79a and 79b, and lower flange 62¢ bolted to rear cross
member 72 with bolt 79 and 79f

Figurc 7A is a front view of vehicle suspension 50 shown in Figures 3-6B. Front
cross member 70 1s shown with upper flange 70a bolted to left side longitudinal member 62
with bolts 78a and 78b, and lower flange 70¢ bolted to left side longitudinal member 62 with
bolts 78¢ and 78f. Simtlarly, front cross member 70 13 shown with apper flange 70a bolted to
right side longitudinal member 60 with bolis 78a and 78b, and lower flange 70¢ bolied to left
side longitudinal member 62 with bolts 78¢ and 78f. Front cross member 70 includes holes
77a and 77b i vertically extending base 70b to provide control rod access to the control rod

attachment {not shown} positioned between the upper flange 70a and lower flange 70¢. Also,
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one or more holes 73 may be provided in vertically extending base 70b to reduce weight.

Figure 78 is a rear view of vehicle suspension 50 shown in Figures 3-7A. Rear cross
member 72 is shown with upper flange 72a bolted to left side longitudinal member 62 with
bolts 79a and 79b, and lower flange 72¢ bolted to left side longitudinal member 62 with bolts
79¢ and 79f. Similarly, rear cross member 72 s shown with upper flange 72a bolted to right
side longitudinal member 60 with bolts 79¢ and 79¢, and lower flange 72¢ bolted to right side
longrtudinal member 60 with bolts 79g and 79h. Rear cross member 72 includes holes 93a
and 95b in vertically extending base 72b to provide control rod access to the control rod
attachment (not shown) positioned between the upper flange 722 and lower flange 72¢. Also,
one or more holes 75 may be provided in vertically extending base 72b to reduce weight.

In the present embodiments, the upper and lower flanges of the front and rear cross
members are sized to fit within the upper and lower flanges of the left and nght side
longitudinal members. This is not required. In an alternate embodiment, the upper and lower
flanges of the left and right longitudinal member may fit within the upper and lower flanges
of the front and rear cross members. In such a case, the C-channel of the front and rear cross
members may be flipped 180 degrees to face the left and right longitudinal members.

in onc embodiment, the upper and lower flanges of the longitudinal members extend
3.9 inches from the vertically extending base. In one embodiment, the upper and lower
flanges of the vertically extending base of the front and rear cross members extend 3.3 mches
from the vertically extending base. In other embodiments, the upper and lower flanges may
extend at different lengths from the front and rear cross members and the left and night
longitudinal members. Furthermore, the distance between the upper and lower flanges of the
left and right longitudinal members may be 7.1 inches, and the distance between the upper
and lower flanges of the front and rear cross members may be 6.6 inches. However, the
distances may be varied depending upon the application, and the distance between the upper
and lower flanges of the cross members could be varied so that the longitadinal members
could be nested within the cross members.

In the present emboduments, although not required, the front and rear cross members
70, 72 may also advantageously have the same size and dimensions, so that a single C-
channel part can be ased as the front and rear cross members. Similarly, the right and left
side longitudinal members 60, 62 may also have the same size and dimensions, so that a
single C-channel can be used as cither the right side or left side longitudinal member. Thus, a
single part namber may be used for the front and rear cross members and a single part

number may be used for the right and left side longitudinal members because they are
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mterchangeable, cutting the cost of inventory in half. A few additional bolt holes may be
required in the cross members depending on whether the cross member is used as a front or
rear cross member to accormmodate the position of the control rod attachment. However, it is
more cost-cthicient to have a single part number used for either the front or rear cross member
than carrying two separate parts numbers for the front and rear cross members.

Additionally, based on customer requirements, the bolt-pattern spacing on the C-
channels may be modified to provide for differing spacing requirements for particular
customer applications.  The bolted connection design provides for greater flexibility in
meeting customer requirements, without requiring the need for additional components.

Figure 8A 1s a closc up front perspective view of vehicle suspension 50 shown in
Figure 1, control rod attachment 66 extending positioned within right side longitudinal
member 62, and adapted to attachment to a control rod bushing positioned over bar pin 112,
Figure 8B 1s a close up front perspective view of vehicle suspension 50 shown in Figure 8A
with front cross member 70 removed to betier show control rod attachment 66, Air spring
80d 1s shown posttioned over an end of front cross member 70, and axle 90 is shown
positioned over right side longitedinal member 60. In Figurcs 8A and 8B, a bar pin 112 15
shown positioned within an inner bushing of a control rod (not shown}. As shown m Figure
3B, control rod attachment 66 1s shown bolied nto position between upper flange 60a and
lower flange 60c of right side longitudinal member 60.

Control rod attachment 60, in this embodiment, is constructed of two C-channel
sections 67a and 67b facing cach other in a nested fashion. A bolt opening 69 extends
between the two C-channel sections 67a and 67b to allow a bolt to extend therethrough and
connect to bar pin 112, The two C-channel sections 672 and 67b may have a thickness of 3/8
of an mch and made of Grade 80 sheet steel, although other thicknesses and materials may
also be used. A similar arrangement may be provided on the left side longitudinal member o
provide a similar control rod attachment.

Figurc 9 is a close up perspective view of left side longitudinal member 62 bolted to
front cross member 70, showing gusset 90 bolted to both the left side longitudinal member 62
and tront cross member 70. In Figure 9, gusset 90 1s shown with tflange 90b bolted to the
vertically extending base 62b of left side longitadimal member 62 with bolts 90b and 90d, and
flange 90¢ bolted to vertically extending flange 70b of front cross member 70 with bolts 90a
and 90c. The gusset 90 advantageously provides additional strength and stability to the
vehicle suspension 50, In some embodiments, the gusset 90 may be made of Grade 80 3/8

mnch thick sheet steel, although other thicknesses and materials may also be used. Gussets of
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this type may also be used in the other bolted connections between the front and rear cross
members and the [oft and right side longitudinal members.

Example embodiments of the present invention have been described above. Those
skilled m the art will understand that changes and modifications may be made to the
described embodiments without departing from the trae scope of the present invention, which

1s defined by the claims.
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CLAIMS

What is claimed is:

I. A vehicle suspension for supporting an axle of a vehicle, comprising:

a front cross member having a vertically extending base, an upper flange extending
from a top of the base, 3 lower flange extending from 3 botiom of the base, a lefi side air
spring support, and a right side air spring support;

a rear cross member having a vertically extending base, an upper flange extending
from a top of the base, a lower flange extending from a bottom of the base, a left side air
spring support, and a right side air spring support;

a left side longitudinal member extending between the front cross member and the
rear cross member, the left-side longitadinal member having a vertically extending base, an
upper flange extending from a top of the base, and a lower flange extending from a bottom of
the base;

a night side longitudinal member extending between the front cross member and the
rear cross member, the night side longitudinal member having a vertically extending base, an
upper flange extending from a top of the base, and a lower flange extending from a bottom of
the base;

wherein the upper flange on a front end of the left side longitudinal member has one
or more bolt holes corresponding to one more bolt holes on the upper flange of a left side of
the front cross member adapted to provide a bolted connection between the upper flange of
the left side longitudinal member and the upper flange of the front cross member;

wherein the lower flange on a front end of the left side longitudinal member has one
or more bolt holes corresponding to one more bolt holes on the lower flange of the left side of
the front cross member adapted to provide a bolted connection between the lower flange of
the left side longitudinal member and the lower flange of the front cross member;

wherein the upper flange on a rear end of the left side longitudinal member has one or
more bolt holes corresponding to one more bolt holes on the upper flange of a left side of the
rear cross member adapted to provide a bolted connection between the upper flange of the
left side longitudinal member and the apper flange of the rear cross member;

wherein the lower flange on a rear end of the left side longitudinal member has one
or more bolt holes corresponding to one mare bolt holes on the lower flange of the lett side of
the rear cross member adapted to provide a bolted connection between the lower flange of the

left side longitudinal member and the fower flange of the rear cross member:

—
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wherein the upper flange on a front end of the right side longttudinal member has one
or more bolt holes corresponding to one more bolt holes on the upper flange of a right side of
the front cross member adapted to provide a bolied connection between the upper flange of
the right side longitudinal member and the upper flange of the front cross member;

wherein the lower flange on a front end of the right side longitudinal member has one
or more bolt holes corresponding to one more bolt holes on the lower flange of the right side
of the front cross member adapted to provide a bolted connection between the lower flange of
the right side longitudinal member and the lower flange of the front cross member;

wherein the upper flange on a rear end of the right side longitudinal member has one
ot more bolt holes corresponding to onc more bolt holes on the upper flange of a right side of
the rear cross member adapted to provide a bolied connection between the upper flange of the
right side longitudinal member and the upper flange of the rear cross member; and

wherein the lower flange on a rear end of the right side longitudinal member has one
or more bolt holes corresponding to one more bolt holes on the lower flange of the right side
of the rear cross member adapted to provide a bolted connection between the lower flange of

the right side longitudinal member and the lower flange of the rear cross member.

2. The vehicle suspension of claim 1, wherein the front cross member comprises
a {-channel where the vertically extending base and upper and lower flanges of the front
cross member have a C-shaped cross-section for at least a portion of the front cross member,
and wherein the rear cross member comprises a C-channel where the vertically extending
base and upper and lower flanges of the rear cross member have a C-shaped cross-section for

at least a portion of the rear cross member.

3. The vehicle suspension of claim 2, wherein the left side longitudinal member
comprises a C-channel where the vertically extending base and upper and lower flanges of
the left side longitudinal member have a C-shaped cross-section for at least a portion of the
lett side longitudinal member, and wherein the right side longitudinal member comprises a C-
channel where the vertically extending base and upper and lower flanges of the right side
longitudinal member have a C-shaped cross-section for at least a portion of the right side

longitudinal member.

4. The vehicle suspension of claim 1, wherein the left side longitudinal member

comprises a U-channel where the vertically extending base and upper and lower flanges of
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the left side longitudinal member have a C-shaped cross-section for at least a portion of the
left side longitudinal member, and wherein the right side longitadinal member comprises a C-
channel where the vertically extending base and upper and lower flanges of the right side
longitudinal member have a C-shaped cross-section for at least a portion of the night side

longitudinal member.

5 The vehicle suspension of claim 1, whercin the upper and lower flanges of the
front cross member are positionable between the upper and lower flanges of the left side
longitudinal member, and are also positionable between the upper and lower flanges of the
right side longitudinal member; and

wherein the upper and lower flanges of the rear cross member are positionable
between the upper and lower flanges of the left side longitadimal member, and are also

positionable between the upper and lower Hlanges of the right side longitodinal member.

6. The vehicle suspension of claim 1, whercin the front cross member comprises

an [-beam and the rear cross member comprises an -beam.

~J

The vehicle suspension of claim 1, wherein the front cross member and rear

cross member have the same size and dimensions.

8. The vehicle suspension of claim 7, wherein the left and night side longitudinal

members have the same size and dimensions.

9, The vehicle suspension of claim 1, wherein a first control rod attachment is
bolted into position between the upper and lower flanges of the left side longitudinal member;
and

wherein a second control rod attachment is bolted into position between the upper and

lower flanges of the night side longitudinal member.

10, The vehicle suspension of claim 9, wherein the first control rod attachment
compnses a pair of C-channels each having a C-shaped cross section; and
wherein the second control rod attachment comprises a paur of C-channels each

having a C-shaped cross section,
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11, The vehicle suspension of claim 1, wherein the left side longitudinal member
mehudes a baffle positioned between the upper and lower flanges beneath a first axle seat; and
wherein the right side longiudinal member includes a baffle positioned between the upper

and lower flanges beneath a second axle seat.

12. A vehicle suspension for supporting an axle of a vehicle, comprising:

a front cross member having a vertically extending base, an upper flange extending
from a top of the base, a lower flange extending from a bottom of the base, a left side air
spring support, and a right side air spring suppott:

a rear cross member having a vertically extending base, an upper flange extending
from a top of the base, a lower flange extending from a bottom of the base, a lefi side air
spring support, and a right side air spring support;

a left side longitudinal member extending between the front cross member and the
rear cross member, the left-side longitudinal member having a vertically extending base, an
upper flange extending from a top of the base, and a lower flange extending from a bottom of
the base;

a right side longitudinal member extending between the front cross member and the
rear cross member, the right side longitudinal member having a vertically extending base, an
upper flange extending from a top of the base, and a lower flange extending from a bottom of
the base;

wherein the upper flange on a front end of the left side longitudinal member is bolied
to the upper flange of a left side of the front cross member;

wherein the lower flange on a front end of the left side longitudinal member is bolted
to the lower flange of the left side of the front cross member;

wherein the upper flange on a rear end of the left side longitudinal member 1s bolted
to the upper flange of a left side of the rear cross member;

wherein the lower flange on a rear end of the left side longitudinal member 13 bolied
to the lower flange of the icft side of the rear cross member;

wherein the upper flange on a front end of the night side longitudinal member s
bolted to the front cross member;

wherein the lower flange on a front end of the right side longitudinal member is
boited to the lower flange of the right side of the frout cross member;

wherein the upper flange on a rear end of the right side longitedinal member is bolted

to the upper flange of a right side of the rear cross member; and
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wherein the lower flange on a rear end of the right side longitudinal member is bolted
to the lower flange of the right side of the rear cross member.

13, The vehicle suspension of claim 12, wherein the fromt cross member
comprises a C-channel where the vertically extending base and upper and lower flanges of
the front cross member have a C-shaped cross-section for at least a portion of the front cross
member, and wherein the rear cross member comprises a C-channel where the vertically
extending base and upper and lower flanges of the rear cross member have a C-shaped cross-

section for at least a portion of the rear cross member,

t4.  "The vehicle suspension of claim 13, wherein the left side longitudinal member
comprises a C-channel where the vertically extending base and wpper and lower flanges of
the left gide longitudinal member have a C-shaped cross-section for at least a portion of the
lett side longitudinal member, and whercin the nght side longitudinal member comprses a C-
channel where the vertically extending base and upper and lower flanges of the right side
longitudinal member have a C-shaped cross-section for at least a portion of the right side

longitudinal member.

15.  'the vehicle suspension of claim 12, whergin the upper and lower flanges of
the front cross member are positioned between the upper and lower flanges of the left side
longitudinal member, and arc also positioned between the upper and lower flanges of the
right side longitadinal member; and

wherein the upper and lower flanges of the rear cross member are positioned between
the upper and lower flanges of the left side longitudinal member, and are also positioned

between the upper and lower flanges of the night side longitudinal member,

16.  'The vehicle suspension of claim 12, wherein the front cross member and rear

cross member have the same size and dimensions.

17, The vehicle suspension of claim 16, wherein the left and right side

longitudinal members have the same size and dimensions.

i8. The vehicle suspension of claim 12, wherein an air spring is positioned on
3 s Fanl

sach of the air spring supports on the front and rear cross members.
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19. The vehicle suspension of claim 12, wherein a combined air spring/damper is

positioned on cach of the air spring supports on the front and rear cross members.

20, The vehicle suspension of claim 12, wherem a first control rod attachment is
bolted into position between the upper and lower flanges of the left side longitudinal member;
and

wherein a second control rod attachment is bolted into position between the upper and

lower flanges of the right side longitudinal member.

21, The vehicle suspension of claim 20, whercin the first control rod attachment
comprises a pair of C-chanmnels cach having a C-shaped cross section; and
wherein the second control rod attachment comprises a pair of C-channels gach

having a C-shaped cross section.

22, The vehicle suspension of claim 12 wherein the left side longitudinal member
includes a baffic positioned between the upper and lower flanges bencath a first axie seat; and
wherein the right side longitudmal member includes a baffie positioned between the upper

and lower flanges beneath a second axle seat.

23, The vehicle suspension of claim 12, wherein a first gusset is bolted 1o the left
side fongitudmal member and bolted to the front cross member;

wherein a second gusset is bolted to the left side longitadimal member and bolted to
the rear cross member;

wherem a third gusset is bolied to the night side longitudinal member and bolied to the
front crogs member; and

wherein a fourth gusset is bolied to the night side longitudinal member and bolied to

the rear cross member.

24, The vehicle suspension of claim 13, wherein the front and rear cross members

are interchangeable.

o

5. The vehicle suspension of claim 24, where the left and right side longitudinal

t

members are interchangeable.
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FIG. 7B
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