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ABSTRACT OF THE DISCLOSURE

The present invention discloses a.lightweight dual-stage tapered leaf spring

assembly for use in heavy-duty trailer suspension applications. The dual-leaf tapered leaf

spring assembly has a main or first tapered leaf defining a first stage rate and a second

tapered leaf operable to define a second stage rate. The first and second leafs are formed to

Include a tapered thickness profile which Closely approximates a true modified parabolic taper.

The "approximated" modified parabolic profiles for each of the main and second leafs are

adapted to provide a smooth non-linear transition Detween the first and second stage rates.
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DUAL-STAGE TAPERED LEAF SPRING FOR A TRAILER

BACKGROUND OF THE INVENTION

The present invention relates to commercial vehicle suspensions and, more
particularly, 10 a dual-stage tapered leaf spring for use in a tractor-trailer suspension assembily.

In general, most trailers, (such as specialty carriers, tankers, dry freight haulers,
etc.) are equipped with non-driven single, tandem or multi-axie assemblies. Conventionally, the
suspension systems provided for supporting and damping the relative movement between each
axie and the trailer frame have included single-stage multi-leaf springs, pneumatic spring
systems or a combination thereof. The vast majority of trailers are equipped with single-stage
multi-leaf springs which are designed to mechanically darhpen the trailer when "loaded" to
preserve its cargo and provide adequate roll stiffness. Multi-leaf springs are a class of leaf
springs having a plurality of three or more constant thickness stepped-length leafs which are

stacked to form a constant rate leaf sprmg assemb!y As such, single-stage multi-leaf springs

are not desugned to dtﬁerentiate between "Ioaded" and "unloaded" traller operation and thus

normally provnde a ftrm or "stlﬁ" nde durmg Ioaded operation. Unfortunately, this “stn‘f" nde

o Operatton whuch detrlmentally |mpacts the useful serwce life of the trailer while causing an

- .-undeswably harsh rlde for the vehtcle operator

Conventtonally, tratler suspensxon apphcatlons equipped with dual- stage leaf

B ;sprlngs t‘or prowdmg a vanable or progresswe rate (t e. "soft" rade when un!oaded and stif” ride

20 when toaded) have been extremely llmtted due to the avatlabmty of pneumatic systems

o "-‘-" .'.;-:jt:f-However when dual-staga !eat spnngs have been used ll is common o employ a massive and

| "-'*-f:-:\'.,'._f'jfj'j_:."'_":'-':“..'in~eﬂtcaent ftrst stage mu!tl Ieat‘ spnng havnng an addttaonal second stage leaf mounted thereto

Tradtttonally, the t:rst stage multl Ieat spnng IS snzed to provude the low rate "soft" ride when the



10

15

) 20 .

VTN
%ﬂ - .,w;ia‘wd g

trailer is unloaded (i.e. curb load) with the second stage leaf being inactive, When the trailer
is loaded (i.e. design load), the second stage leaf becomes actively loaded for causing the
overall rate to increase so as to produce a firmer ride. According to one method, a “helper’
spring is mounted above the main spring of the first-stage muiti-leaf spring and does not
support any load until it engages camming pads for resisting further deflection of the multi-
leaf first stage. As such, the change in rate and, in turn, the ride stifiness is necessarily abrupt
and harsh, Alternatively, dual-stage leaf springs may have one or more relatively thick second
stages leafs mounted below and adjacent to the shortest ieaf of the "first stage” portion of the

multi-leaf leaf spring. Upon deflection, rolling contact is made between the second stage leafs
and the first stage for producing the increased rate. Again however, the rate transition is
typically abrupt, '

While dual-stage leaf springs have been used in various light-duty truck
applications, such springs have not been used in the heavy-duty trailer industry. This is
primarily due to the fact that heavy-duty trailer suspensions must be designed to function for
a significantly larger load-carrying range than is required of modern light-duty vehicles. As
such, dual-stage multi-leaf springs are heavy and require a significant range of deflection to

provide the desired rate transition. These design constraints have made utilization of

- conventional multi-leaf dual-stage springs impractical for many trailer suspension applications.

Modernly, pneumatic suspension Systems are being installed in trailers to provide

means for variably adjusting the rate in response to changes in the load carried by the trailer,

. HoWever, pneumatic SUSpension systems are typically quite expensive and require additional

structural components for providing sufficient roll and wind- -up stifiness in most commercial

- heavy -duty trailer applications.
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SUMMARY OF THE INVENTION

In accordance with the invention, a suspension
gystem for a trailer having axle means and a chassis frame,
first and second hanger means mounted on each side of said
chassis frame is provided. The suspension system has a
dual-stage tapered leaf spring operably coupled to said axle
means and disposed between said first and second hanger
means for damping the relative movement between said axle
means and said chassis frame, and the dual-stage tapered
leaf spring comprises: a first leaf member having its upper
end surfaces 1in sliding contact with said first and second
hanger means, said first leaf member having a first tapered
thickness profile; and a second leaf member disposed below
and coupled to said first leaf member such that its upper
end surfaces are adapted to move between positions of L
disengagement and engagement'with lower end surfaces of said
first leaf member in response to deflection of said dual-
stage tapered leaf spring, said second leaf member having a
second tapered thickness profile; wherein each of said first
and second tapered thickness profiles include a series of
successlive linearly tapered increments which each define a
different amount of thickness taper per unit of length
measurement, said linearly tapered increments having
different incremental tapers sequentially arranged and

configured to track a modified parabolic taper profile.

Also according to the invention, a suspension
system for a trailer has axle means and a chassis frame,
first and second hanger means mounted in tandem on each side
of said chassis frame, and a variable rate dual-leaf spring
assembly operably coupled to said axle means and disposed
between saild first and second hanger means for damping the

relative movement between said axle means and said chassis
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frame. The variable rate dual-leaf spring assembly
comprises: a first elongated leaf member having a portion
of its upper end surfaces in sliding contact with said first
and second hanger means, sald first leaf member having a
first tapered thickness profile; and a second elongate leaf
member disposed below and coupled to said first leaf member
such that a portion of i1ts upper end surfaces are adapted to
move between positions of disengagement and engagement with
lower end surfaces of said first leaf member in response to
deflection of said dual-leaf spring assembly, said second
leaf member having a second tapered thickness profile;
wherein sald first and second tapered thickness profiles
include a series of successive linearly tapered increments,
which each define a different amount of thickness taper per
unit of length measurement, said linearly tapered increments
having different incremental tapers sequentially arranged
and configured to approximate a modified parabolic taper
profile, said upper end surfaces of said second leaf member
being normally disengaged from said lower end surfaces of
sald first leaf member when said trailer is operating in a
first loaded condition such that engagement of said upper
end surfaces of said first leaf member with said cam surface
means causes sald dual-leaf spring assembly to provide a
soft damping characteristic, and wherein said upper end
surfaces of said second leaf member are adapted to engage
sald lower end surfaces of said first leaf member when said
trailer is operating in a second loaded condition for

providing a firmer damping characteristic.

Embodiments of the present invention provide a
lightweight dual-stage tapered leaf spring assembly for use
in heavy-duty trailer suspension applications. More
particularly, some embodiments of the present invention are

directed to an improved dual-leaf tapered leaf spring

- 4 -
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assembly having a main or first tapered leaf defining a
first stage rate and a second tapered leaf operable to
define a second stage rate. The first and second leafs are
formed to include a tapered thickness profile which closely

approximates a true modified parabolic taper.

Upon installation into the trailer suspension
system, the remote ends of the main leaf operably engage
hanger cams suspended from the traililer frame. The second
leaf 1s operably mounted below the main leaf and i1s adapted
to move between positions of non-engagement and engagement
with the main leaf 1n response to deflection of the leaf
spring assembly. The "approximated" modified parabolic
profiles for each of the main and second leafs are adapted
to provide a smooth non-linear transition between the first
and second stage rates (i.e. between "curb" and "design"
loads) as compared to the excessively abrupt linear
transition associliated with conventional dual-stage multi-
leaf springs. More specifically, the smooth non-linear rate
transition 1s generally parabolic and includes first and
second arcuate transition regions. The first arcuate
transition region 1s relatively large and occurs upon the
cranked ends of the second tapered leaf engaging and rolling
in on the main leaf upon continued axle displacement for
effectively shortening the second leaf moment arm. The
second arcuate transition region occurs upon continued leaf
spring deflection in response to the main leaf rolling in on
the hanger cams for effectively shortening the main leaf
moment arm. The first and second arcuate regions of the
transition curve are interconnected by a fairly linear load
deflection region which occurs following second leaf
engagement and prior to the shortening of the main leaf. As
such, the cumulative effect of the improved tapered profiles

and unigque two-stage camming action 1is to provide a smooth

- 5 -
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non-linear rate transition between the lower first stage
rate and the higher second stage rate so as to define a

variable rate leaf spring assembly.

In a related embodiment, the main tapered leaf of
the dual-stage dual-leaf spring of the present invention 1is
designed to have a higher working (i.e. bending) stress
level than the second tapered leaf. In addition, the
working stresses for each of the tapered leafs are uniformly
distributed over their entire length due to the
"approximated" modified parabolic tapered thickness profile
of each of the leafs. As such, the service life and ride
characteristics associated with the lightweight high-stress
tapered leaf spring assembly of the present invention are
superior to conventional non-tapered and linearly tapered
multi-leaft sprihgs while causing uniform stress distribution
in a‘manner heretobefore only associated with true
parabolical tapered profile. Furthermoré,-the present
invention 1s material efficient and designed to maintain
sufficient interleaf clearance for permitting smooth second
leaf to main leaf engagement without causing excessive
interleaf contact or friction upon the full range of axle
deflection. Elimination of 1nterleaf friction lends 1tselt
to substantially lower frictional losses whereby the

avallable potential energy i1s substantially increased.

According to a preferred embodiment, the tapered
thickness profile for each of the first and second leafs
incorporates a series of successive linearly tapered
increments which approximate a true modified parabolic taper
profile. More particularly, the successive linearly tapered

increments define a plurality of segquential transition

points which each define a different amount of thickness

taper per unit of length measure for effectively minimizing
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the mass of material used while concurrently achieving

uniform stress levels. As such, the "approximated" modified

parabolic taper effectively replicates a true parabolic
tapered spring in configuration and function so as to
provide maximized spring efficiency at a realistic

production cost.

A further embodiment of the present invention

provides a dual-stage dual-leaf tapered leaf spring that

carn

be operatively installed in virtually any single, tandem or

multi-axle commercial trailer as an original equipment

suspension component or a retro-fit replacement.

Various other advantages and features of
embodiments of the present invention will become readily
apparent to one skilled in the art upon reading the
following specification taken in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic view of an exemplary

commercial tractor-trailer combination having a trailer

supported from tandem axles by front and rear pairs of dual-

stage dual-leaf tapered spring assemblies according to an

embodiment of the present invention;

Figure 2 1s a partially broken away side view of

the tandem axle suspension assembly shown in Figure 1;

Figure 3 18 an enlarged partially disassembled

view of the rear dual-stage dual-leaf spring assembly of

Figure 2 deflected to its “curb” load first stage operative

position;
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Figure 4 is a view, similar to Figure 3, showing

the dual-stage dual-leaf spring assembly 1n an

“intermediate” loaded transition stage position;

Figure 5 1s a view, similar to Figure 3,
5 1llustrating the dual-stage dual-leaf Spring assembly

deflected to its “design” load second stage operative

position;

Figure 6 1s an exemplary comparative graph

illustrating the rate vs deflection characteristics of the
10 leaf spring assembly shown in Figures 3 through 5 relative

to a conventional multi-leaf single-stage leaf spring;

Figure 7 is a schematic illustration of a modified

parabolic tapered profile and a linear tapered profile;

Figure 8 is a thickness taper profile for a
15 portion of the main leaf i1llustrating the pluraiitY'of
successive linearly tapered increments which approximate the

modified parabolic taper of Figure 7;

Figure 9 1s a view similar to Figure 8

illustrating the thickness taper profile for a portion of

20 the second leaf;

Figure 10 1s an exemplary graphical 1llustration

of the thickness taper profiles of Figures 8 and 9 as

compared to a conventional linearly tapered leaf spring; and

Figure 11 i1s a schematic view of a method and

25 apparatus for forming the "approximated" modified parabolic

tapered thickness profiles according to an embodiment of the

present 1nvention.
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DESCRIPTION OF THE PREFERRED EMBODIMENT

In general, the present invention is directed to a
variable or progressive rate leaf spring assembly for use 1n
tractor-trailer vehicle suspension systems. Furthermore,

5 the lightweight high-stress tapered leaf spring assembly of

the present invention is readily adapted for installation in
virtually all single, tandem and/or multi-axle trailer

suspension systems for supporting and damping relative

movement between the trailer frame and each of the axles.

10 According to a preferred embodiment of the present

invention, a dual-stage dual-leaf spring assembly 1is
disclosed which incorporates a tapered thickness profile

adapted to approximate a "modified parabolic" taper. As

will be appreciated, the primary functional
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characteristics. of trailer suspension systems are defined by the “rate” and *static deflection® of

the leaf spring. The rate is the leal spring’s change in load per unit of deflection (lbs/inch).
Static deflection (inches) is derived by dividing the rate at a static load position by the static

load for delermining the “slillness™ of the suspension and the ride frequency of the vehicle.

A "soft® ride requires a relatively large static deflection of the vehicle’s suspension sysiem while

a “firm* ride | generally requires a smaller amourt of static deflection. i is to be qﬁdocstood thal -

the tapered dual-leat spring assembly of the present invention Is primarily adapted for

incorporalion Into heavy-duty trailer suspension. application which operate within a large
variation in load carrying capacity to provide desireable ride and load handling characteristics
under the entire' range of loaded conditions.

With paricular relerence now to Figure 1, an exemplary tractor-traller combination

10 is shown. More particularly, tractor 12 is operatively coupled to trailer 14 in a known

manner for transporting a cargo (I.e. gas, buillding supplies, machinery, cement, etc.). Tractor-

trailer 10 is exemplary in nature and is merely ntended to illustrate one type of hgavy-duty
commercial transport vehicle to which the present invention is directed.

Trailer 14 is shown to be of the tandem axle type, that Is, the end ol. traller 14
remote from tractor cab 12 is supporied by one or more sets of front and rear wheels 16 and

18, respectively, which are rotatably mounted o font and rear axies 20 and 22, respectively,

arranged one behind the other in a tandem relaionship. A mechanical suspension system 24

is provided for damping relative movement between traller 14 and axles 20 and 22. For

purposes of clarity, Figute 1 shows traller 14 with its driver side suspension and wheels

removed for providing a better view of mechanical suspension system 24. As will be

detailed hereinafter, the present invention is directed to a

unique dual-leaf tapered leaf spring assembly which 1s

adapted for use with virtually any conventlonal trailer

suspension system or axle

t wH alyr HE | u\uw Rl il AR I aY IININANETD EosalERTARNRY name TR gm Y Su s et ws o es PO
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arrangement ot the type incorporating multi-leaf spring assemblies, Suspension system 24 is
shown to include a pair of front leaf springs 26A (one on each side of trailer 14) and a pair
of rear leaf springs 268 (one of each side of trailer 14) aligned In tandem relationship.
Preferably, front and rear springs 26A and 268, respectively, are substantial identical in
configuration and operational characteristics. In general, front and rear pairs of jeaf springs
26A and 26B, respectively, are adapted to be operably mounted between frame stringers 30
(frame stringers 30 are located on both sides of trailer 14) and their respective front and rear
axles 20 and 22 for supporting and damping the relative movement therebetween.

With particularly reference 1o Figure 2, leaf springs 26A and 26B are shown as
being connected at their mid-points to front and rear axles 20 and 22 in an ‘oversiung" mannor
using conventional clamping means 32. More specifically, the connections are preferably

identical for both front and rear springs 26A and 26B, respectively, with clamping means 32

' compnsed of a top clamp member 34 configured to embrace an inactive portion of the upper

"tension” surface of main leaf 36 for leaf springs 26A and 26B. An upper face of a lower axle
seat 38 engages a generally flat inactive portion of the lower "compression® surface 39 of a
second leaf 40, The lower face of lower axle seat 38 is shaped complimentary to and

engageable with its respectrve axie Srrnilarly, a lower saddle clamp 42 is disposed below and

'matrngly engages its respectrve axle. U- bolts 44 and torque nuts 45 are adapted 10 securely
| mount tront and rear axles 20 and 22, respec:trvely, to front and rear pairs of leaf springs 26A

. ' and 268 respectrvely, in a known matter suoh that any movement of the axles causes a

.corresponding deﬁectron or rnovement oi leaf springs 26

Each tront leat spnng 26A is supported between a front hanger bracket 46 and

' ,a center hanger braoket 48 whlch are both mounted to frame stringers 30, Likewise each rear

e leaf sprrng 268 is supported between central hanger bracket 48 and a rear hanger bracket 50.
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Front and rear hanger brackets 46 and 50, respectively, include bearing, or cam pads 52
against which the outer non-adjacent ends of main leat 36 'io} each of front and rear leaf
springs 26A and 26B, respectively, are adapted to engage. As such, front hanger brackets 46
and rear hanger brackets S0 are secured 1o the trailer's chassis frame stringers 30 at locations

corresponding to the remote ends of leaf springs 26. An equalizer member 56 is supported
within céntar hanger bracket 48 and includes a pair of similarly angled bearing pads 58 which
are adapted for normal engagement with the inner adjacent ends of front and rear pé.irs of leal
springs 26A and 268, respectively. Front', center and rear hanger b@ckets 46, 48 and 50,
respectlvely, are generally inverted U-shaped structural members having downwardly extending

side plates between which the respective leal springs 26 and equalizer member 56 are
disposed. Furthermore, front and rear hanger brackets 46 and 50, respectively, are provided
on opposite sides of trailer 14 and are fixedly interconnected via cross-support tubes 62 for
providing structural rigidity. Likewise, each equalizer member 56 is mounted inside its central
hanger bracket 48 between its respective side plates and are fixedly interconnected via a cross-

support tube 64 extending transversely between irame stringers 30. In addition, retainer tubes

66 and 68 extend transversely between the side plates of front and rear hanger brackets 46

and 50, respectively, and equalizer member 56 to inhibit dislocation. of front and rear leaf

springs 26A and 26B, respectively, and which are located beneatlh the ends of second leal

- 40.

As noted above, and as is standard in most tandem axle suspensions, the non-
uniform loading on the inner adjacent ends of front and rear leaf springs 26A and 268 are
equalized via equalizer 56. A front torque rod 67 is connected between the side plates of

front_ hanger bracket 46 and axle seat 38 of front leaf springs 26A while a second torque tube

63 is interconnected between the side plates of center hanger bracket 48 and spring seat 38

. : R T . ".,‘I‘:“!::i'i;i_:lll“mt:“u,‘;r‘.:‘.hj{ll“”|._b;(li-:|'.|~|.‘{.'|l|||.:'.:.~.-:|1...{ vt sy e
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of rear leaf springs 26B. As previously noted, while the leat springs 26 of the present invention
is shown in a tandem axle arrangement it will be appreciated that leaf springs 26 can be

installed in other suitable mechanical suspension systems and axle arrangements.

With particular reference now to Figure 3, one of rear leaf springs 268 is shown

in greater detail with several of the center clamping components removed for additional clarity.
Since front leaf springs 26A are substantially identical to rear leaf spring 26B, the foliowing
description is likewise applicable thereto. As is apparent, leaf spring 26B includes first or main
tapered leaf 36 having its opposite terminal end portions of its upper “ension” surface 69 in
engagement with angled cam surface 70 of cam pad 52 and bearing pad 58 at positions
cutwardly of “roll-in" centerlines 72 and 74, respectively. As such, the effeclive "active" length
of main leaf 36 is at its greatest length when trailer 14 is at its "curb" loaded capacity.
Moreover, in the position shown, leaf spring‘268 is deflected to the first stage "curb” loaded
(1.e. trailer 14 is substantially unloaded) position. At “curb”, it is desirable to have a relatively
low rate for a "soft" ride charécteristic when trailer 14 is being transported in its substantially
"unlgaded“ condition. As such, the limited engagement of main leaf 36 with surface 70 of cam
pad 52 and bearing pad 58 defines a "first stage" rate with ends 80 of second leaf 40 spaced
below and disengaged therefrom. Each end 80 of second leaf 40 is cranked or slightly
downturned to. define a roll-in "contact® area specifically designed to engage the underside _.
‘compression" surface 82 of main leaf 36°upon continued axle deflection. In addition, one
cranked end 80 of second leaf 40 terminates in a down-tumed hook 83. The cranked ends

80 are adapted to maintain a relatively constant interleaf gap opening 84 spanning between
the “inactive” central clamped portion of the leafs and the contact area of cranked ends 80,
~ As will be described hereinafter in greater detail, each of first and second leafs 36 and 40,

respéctively, Is formed to include a tapered thickness profile which effectively "approximates”

“ 1O
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A true modified parabolic surface and insures maintenance of
interleaf gap 84. Furthermore, internal gap 84 provides the
clearance necessary to promote smooth second leaf 40 to maln

F

leaf 36 engagement and roll-in without generating excessive

Lnterleaf contact or friction. As such, the present
invention lends itself to low friction losses for keeplng
the potential energy (i.e. avallable damping) within the

desired range of loaded and unloaded conditions.

Following the tapering operation to be described,
each of first and second leafs 3¢ and 40, respectively, are
cambered to produce the generally semi-elliptical curvature
shown from utilization of conventional hot forming and
quenching processes. s noted, each of first and second
leafs 36 and 40, respectively, has an “ilnactive” central
clamped area of a predetermined length having spacers 8606
disposed therebetween. A center bolt 68 passes through
center bolt holes 90 punrched in each leaf and a lock nut 92
is torqued thereon to rigidly clamp leafs 306 and 40 as dual-

fr—

leaf spring assembly 26E.

With reference now to Figures 4 and 5, wvarious
cdeflected positions of leaf spring 26B are shown. While
these Figures are similar to Figure 3, they are 1ntended to

illustrate the “camming” action of both leafs upon contilnued

zxle displacement. In particular, as the load on trailer 14

is increased past the “curb” load level, main leaf 36 1s

sufficiently deflected until its underside “compression”

csurface 82 contacts the contact areas of the second leaf
spring 40 on the outer most cranked end portions 80 on 1ts
tension surface 94 to initiate the rate transition from the
lower first stage rate to a higher second stage rate ride

characteristic. In effect, instead of an abrupt and harsh

11
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linear load transition poilint as 1s typilcally associated with

conventional dual-stage multi-leaf springs, the present
invention provides for a smooth non-linear transition which
18 generally parabolic i1n nature. More particularly, crank
ends 80 of second leaf 40 are adapted to “roll-in” from the
“curb” position shown 1n Filigure 3 to the inltlal contact
position shown 1in Figure 4 with respect to centerlines 72

and 74 upon continued

11a
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suspension deflection to provide a relatively long initial parabolic transition segment 100 (see

Figure 6). This sliding or rolling action effectively shortens the “"active" length or moment arm
of second leaf 40. However, upon continued deflection of leaf spring 26B, the loading thereon
approaches the "design foad" level, wherein tension surface 69 of main leaf 36 begins to “roll-
in" on surface 70 of hanger cams 52 and 58 for effectively shortening the “active" length thereof
SO as 1o create a second parabolic transition portion 102 (Figure 6). As best seen in Figure
S5, at "design load" both main leaf 36 and second leaf 40 have effectively rolled in relative to
centerlines 72 and 74. In fact, the tapered profiles of each leaf and the change in effective
length act to produce a variable rate as shown at 104 in Figure 6. The various rate transition
regions are best seen from the exemplary rate vs deflection curve of Figure 6 which shows the
smooth and relatively long cumulative transition curve 106 of leaf spring 26B compared to ;’the
constant rate curve 108 for a conventional single-stage multi-leaf spring.

With particular reference now to Figures 7 through 10, the principles embodied
within the "approximated" modified parabolic tapered thickness profiles of first and second leafs

36 and 40, respectively, will now be described in greater detail. In general, it is known that

lapered leaf springs provides superior volumetric material efficiency as compared t'c;f a

conventional constant thickness multi-leaf spring assembly designed to provide similar

- Operational characteristics. This volumetric efficiency defines the amount of potential energy

which leaf spring 26B is capable of storing at a specified stress level relative to its volume of

"active” material. Therefore, it is desireable to utilize a tapered leaf springs since they are more
efficient and have a relatively constant stress distribution from its line of encasement (starting
taper point 110 at end of the "clamped" area) to its point of load application.

With reference to Figure 7, a schematic comparison is shown between a single

linearly tapered thickness profile 112 and a true modified parabolic tapered profile 114 are

w 1P -
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snown. Each thickness profile begins tapering at point 110 from a starting thickness "t," and

terminates at a predetermined end thickness 1. Taper profile 114 is reforred to as "modified"
since a “lrue" parabolic taper decreases in thickness to zero thickness at the point of loading
such that "t would equal zero. As such, a modifled parabolic taper Includes an end portion

5 of a known thickness "t" for facilitating load application. However, a modified parabolic taper
Is an impractical design based on prohibitive production costs and manufacturing constraints.

Therefore, the present invention is directed at utilization of a tapered thickness profile which
‘approximates” a modified parabolic taper for maximum material efficiency at a realistic
production cost. This profile is shown schematically at 1186 in Figure 7. Moreover, exemplary
10 approximated modified parabolic taper profiles of the type 'utilized in both of first and second

leals 36 and 40, respectively, are shown in Figure 8 and 9 which substantially replicate the true

parabolic profile shown in Figure 7.

More pariicularly, as can best be seen from Figures 8 and 9, the tapered profiles

of first and second leafs 36 and 40, respectively, approximate or "track” a modified parabolic
15 taper by incorporating a successive plurality of linearly tapered increments having distinct and
. different transition points. More particularly, according to the embodiment shown there are five
tfansition points T1 thrm;gh TS for each leaf having an predetermined change in taper (inch
per inéh) which are specifically selected to minimize the material volume and achieve a higher

| and more uniform stress distribution throughout the entire leaf length. The initial quick taper
120. (T ) to T,) allows the workmg stress from each leaf to be transferred more uniformly to inhibit

premature stress-related failure in the center clamp area.

FOr purpose of example only, Tables 1 through 4 list transitional taper information

‘and point thickness in'formatio'n for leaf members 36 and 40 for leaf spring 26B. As will be

appréciated, the specific modified parabolic taper profile for second leaf 40 is independent of

- 13 -
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and ditferent than the modified parabolic taper profile for first main leaf 36. This is done to

provide a higher working stress level in main leaf 36.

With reference to Figure 8, Table 1 provides the incremental tapers for one-haif

of main leaf 36 (the other half being identical).

TRANSITION DATA - MAIN

TRANSITION INCREMENTAL TAPER
POINTS INCH/AN

T, TO T, 314

-Tz TO T3 | .037

T, TO T, 047

T, TO Ty 043

‘Similarly, Table 2 provides the incremental tapers for one-half of second leaft 40 shown in

Figure S.
TABLE 2
TRANSITION DATA - SECOND LEAF
‘TRANSITION INCREMENTAL TAPER
T, TO T, 220
T, TO T, | 039
T, TO T, | 045
T, TOT, ' 053

- 14 -



10

15

25

30

CA 02059252 2003-03-05

62406-123

With reference now to Tabies 3 and 4, the taper information for various

comparison curves of Figure 10 are disclosed. More specifically, curve 120 represents the

modified parabolic taper profile of main leaf 36; curve 122 represents a constant linear taper

proiilo comparison; curve 124 represents the modilled parabolic taper profile of second leal 40;

and curve 126 designates its corresponding comparative constant linear taper. As is apparent,

cuwés 120 and 124 closely “track® the true modilled taper shown in Figure 7. The dlﬂ'e:gnce

inforination listed In Tables 3 and 4, and represented In plots 128 and 130 of Figure 10, show

the substantial impact the modified taper profile has on material utilization and working stresses

relative to a constant linear taper.

TABLE 3

TAPER COMPARISON - MAIN LEAF (36

REFERENCE “APPROXIMATED" LINEAR LINEAR
POINT PARABCLIC TAPER TAPER DIFFERENCE
(INCHES) (INCHES) (INCHES)
A 1.300 (t) 1.300 0.000
B - 1.300 1.300 -0.000
C 1.262 1.264 -0.002
D 0.948 0.964 -0.016
£ 0.875 0.89C Q.01
F 0.837 0.849 0.012
G 0.800 0.808 -0.008
= 0.762 0.767 -0.005
1 0.725 0.726 ~0.001
J 0.678 0.685 -0.007
K 0.632 0.644 -0.012
L 0.585 0.603 -0.018
M 0.543 0.862 -0.019
N 0.500 (1) 0.521 -0.021
O 0.500 , . 0.500 0.Q00
P 0.500 | 0.500 0.000

- 15 -
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According to the preferred method, constant thickness bar stock 210 is heated
to a predetermined elevated temperature and i located between cam profile dies 206.

Carriage 204 is then moved into a position sugh that roll 202 die may be lowered into

engagement with a generally linear roll start surtace 214 of cam profile dies 206. Preferably,

roll 202 is rotatably driven concurrently with the horizontal movement of carnage 204 to cause

rolt 202 to follow the contour of cam die 206. As such, 2 malority of the material flow is in a-

lengthwise direction. The number of "passes” or rolling operations required for rolt 202 to

completely follow the entire cam die surface 212 is dependent on the severity and length of

' the taper desired. Thereatter, the second half of bar stock 210 is tapered (rolled) in a similar

manner.. Following thé tapering operation, the tapered leals 36 and 40 are reheated, hot

formed and then quenched to the desired semi-eliiplical curvature. The hot forming operations

are adapted 1o provide cranked ends 80 and hook 83 on second leaf 40.

The foregoing discussion discloses and describes an exemplary embodiment of

the present invention. One skilled in the art will readily recognize from such discussion, and

from the accompanying drawings and claims, that varous changes, modifications and variations

can be made therein without departing from the spirit and scope of the invention as defined

in the following claims.

- 17 .-
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TABLE 4
TAPER COMPARISON - SECOND LEAF (40

- REFERENCE “APPROXIMATED” LINEAR LINEAR

*POINT PARABOLIC TAPER TAPER DIFFERENCE

| (INCHES) (INCHES) (INCHES)
A 11.300 (L) 1.300 0.000

. B 1.300 1.300 - 0.000
C 1.274 1277 -0.003
D 1.053 1.081 -0.028
E 0.991 1.017 0.026
F - 0.952 0.972 -0.020
G 0.913 0.927 0.014
H - - 0.874 - 0.882 -0.008
| - 0.835 0.837 -0.002
J 0.789 0.792 -0.003
K 0.744 0.747 -0.003
L 0.698 0.702 -0.004
M 0.646 0.657 -0.011
N 0.593 0.612 0.018
O 0.540 0.567 0.027
P 0.500 () 0.522 0.022
Q 0.500 0.500 0.000

‘With reference now 1o Figure 11, a method and apparatus for forming the

*approximated" modified parabolic taper for the first and second leafs 36 and 40, respectively,

is schematically shown. In general, a taper rolling apparatus 200 includes a vertically movable
roll 202 and a horizontally movable carriage 204. Left and right cam dies 206 (one shown) are
securely afixed to a top surface 208 of carriage 204 in a predetermined spaced relationship

adapted to permit one or more pieces of constant thickness bar stock 210 to be disposed

therebetween. Cam dies 206 are cut 10 include a cammed rolling surface 212 which

corresponds to the desired approximated modified parabolic taper. In addition, cam profile

dies 206 are designed 10 compensale for thermal shrinkage of bar stock 210 following the hot

_ tapor rolling process.

- 16 -
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CLAIMS:

L. A suspension system for a trailer having axle
means and a chassis frame, first and second hanger means
mounted on each side of sailid chassis frame, sald suspension
5 system having a dual-stage tapered leaf spring operably
coupled to sald axle means and disposed between said first
and second hanger means for damping the relative movement
between said axle means and salid chassls frame, salid dual-

stage tapered leaf spring comprising:

10 a first leaf member having its upper end surfaces
in sliding contact with said first and second hanger means,
sald first leaf member having a first tapered thickness

profile; and

a second leaf member disposed below and coupled to
15 said first leaf member such that its upper end surfaces are
adapted to move between positions of disengagement and
engagement with lower end surfaces of said first leaf member
in response to deflection of said dual-stage tapered leaf
spring, saild second leaf member having a second tapered

20 thickness profile;

wherein each cf said first and second tapered

thickness profiles include a series of successlve linearly

tapered increments which each define a different amount of
thickness taper per unit of length measurement, said

25 linearly tapered increments having different 1lncremental
tapers sequentially arranged and configured to track a

modified parabolic taper protfile.

Z . The suspension system of Claim 1, wherein said

upper end surfaces of said second leaf member are normally
30 disengaged from said lower end surfaces of said first leaf

member when salid trailer 1s cperating in a first loaded

18
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condition such that engagement of sald upper end surfaces of

salid first leaf member with sald cam surface means causes

sald leaf spring means to provide a soft damplng
characteristic, and wherein said upper end surfaces of said

second leaf member are adapted to engage said lower end

surfaces of said first leaf member when sald trailer 1s

operating in a second loaded position for providing a firmer

damping characteristic.

3. The suspension system ¢f Claim 1, wherein said
first and second leaf members have a predetermined curvature

such that an internal gap is located between a central clamp

portion of said leaf spring and said engaging end surfaces

thereof when said trailer 1s operating 1n sald second loaded

condition, said internal gap provided for substantially

eliminating interleaf fricticn between said first and second

'~

leaf members during deflecticn thereof during operation of

sald trailer in either cof said first and second loaded

conditions.

P

4 The suspension system of Claim 3, wherein saild

first and second tapered thickness profliles and sliding

engagement of said second leaf member relative to said first

f'—

leaf member are coactive to provide a generally parabolic

first rate transition in response to deflection of said
csecond leaf member from said engagement poesitlion toward a

position corresponding to said trailer operating in said

cecond loaded condition, said sliding engagement adapted to
effectively shorten the active length cof said second leat

member.

5. The suspension system of Claim 4, wherein saild

first and second tapered thickness profiles and rolling

engagement of said first leaf member relative to said cam

surface means are coactive to provide a generally parabolic

19
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second rate transition between said first rate transition

and sald deflected position corresponding to said second

Lloaded condition in response to still further deflection of

sald first and second leaf members.

5 6. The suspension system of Claim %, wherein said

workilng stress level of sald first leaf member 1s greater

than that of said second leaf member, and wherein each of

sald first and second tapered thickness profiles are

configured to uniformly distribute said working stresses

10 across substantially the entire active length of said first

and second leaf members, respectively.

7, The suspension system of Claim 4, wherein said

axel means defines a front and rear tandem axle arrangement

'-

wlth a pailr of saild leaf springs mounted in tandem alignment

15 one behind the other on each side of saild chassis frame,

each of said leaf springs including clamp means for coupling

the mid-portion of said first and second _eaf members for

cach of said tandem leaf springs to said front and rear
axles respectively such that said tandem leaf springs have

20 1nner ends disposed adjacent to one another and outer ends

spaced remotely from one another, and eguallzer means

operably located between said filrst and second hanger means

such that said adjacent upper end surfaces of sailid tandem

A~y 4

leaf springs are 1n slicing contact with second cam surface

25 means formed on said equalizer means with said remote outer

end surfaces 1n sliding engagement with said cam surface

means of said first and second hanger means, and wherein

ﬁ

each of said leaf springs arranged in tandem alignment are

substantially i1dentical.

30 ¢&. The suspension system of Claim 2, wherein said
first tapered thickness profile 1s adapted to provide a soft

clamping characteristic when said trailor is operating in a

20
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substantially unloaded condition, said second tapered
thickness profile being adapted to coact with said first
leaf member for variably increasing said damping
characteristic in response to the amount of deflection
1mparted on said first and second leaf members, whereby each
of said first and second tapered thickness profiles define

at least four taper increments.

9. A suspension system for a trailer having axle
means and a chassis frame, first and second hanger wmeans
mounted i1n tandem on each side of said chassis frame, said
suspension system having a variable rate dual-leaf spring
assembly operably coupled to said axle means and disposed
between said first and second hanger means for damping the
relative movement between said axle means and said chassis
frame, said variable rate dual-leaf spring assembly

comprising:

a first elongated leaf member having a portion of
1ts upper end surfaces in sliding contact with said first
and second hanger means, sald first leaf member having a

first tapered thickness profile; and

a second elongate leaf member disposed below and
coupled to said first leaf member such that a portion of its
upper end surfaces are adapted to move between positions of
disengagement and engagement with lower end surfaces of said
first leaf member in response to deflection of said dual-
leaf spring assembly, said second leaf member having a

second tapered thickness profile;

wherein said first and second tapered thickness
profiles include a series of successive linearly tapered
increments, which each define a different amount of

thickness taper per unit of length measurement, said
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Linearly tapered i1ncrements having different incremental

tapers sequentlally arranged and configured to approximate a

1)

modlfied parabolic taper profile, said upper end surfaces of

sald second leaf member being normally disengaged from said

Lower end surfaces of said first leaf member when said
trailer 15 operating in a first lcaded condition such that

s~ s

engagement of said upper end surfaces of said first leaf

member wilith said cam surface means causes said dual-leaf

spring assembly to provide a soft damping characteristic,

F
p—

and wherein said upper end surfaces of saild second leaf

e

nember are adapted to engage saild lower end surfaces of said

first leaf member when said trailer is operating in a second

.oaded condition for providing a firmer damping

characterilistic.

‘‘‘‘‘

0. The suspension system of Claim 9, wherein each

O
my

sald first and second leaf members have a predetermined

curvature such that an 1interral gap 1s located between a

central clamp portion and saild engaging end surfaces for
sald fist and second leaf members when said trailler is

operating in said second loaded condition, said internal gap

provided for minimizing 1nterleaf friction between said
first and second leaf members during deflection thereof

A

during operation 0of said trailer in either of said first and

second loaded conditions.

11. The suspensionr: system of Claim %, wherein said

first and second tapered thickness profiles and sliding

engagement of saild second leaf member relative to saild first

—

leaf member are coactive to provide a generally parabolic

-yl

first rate transition 1n response to deflection of said

second leaf member from said engagement posiltion toward a
position corresponding to sald trailler operating in saild

second loaded condition, said sliding engagement adapted to
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-

cffectively shorten the active length of sald second leaf

memper.

L2. The suspension system of Claim 11, whereln said

first and second tapered thickness profiles and sliding

engagement of said first leai member relative to said cam
surface means are coactive to provide a generally parabolic
second rate transition between said first parabolic rate

transition and said deflected position corresponding to said

second loaded condition in response to still further

deflection of said first and second leaf members.

13. The suspension system c¢f Claim 10, whereiln said

working stress level of said first leaf member 1s greater

g
p—

than that of said second leatf member, sand whereln each of

said first and second tapered thickness profiles are

configured to uniformly distribute sald working stresses
across substantially the entire active length of said first

and second leaf members.

14 . The suspension system of Claim 10, wherein said
axle means defines a front and rear tandem axle arrangement

with a pair of said dual-leaf spring assemblies mounted in

tandem alignment one behind the other on each side of said

chassis frame, each of said dual-leaf spring assemblies

including clamp means fcr coupling the mid-portion of said
first and second leaf members for each of said tandem dual-
leaf spring assemblies to said front and rear axles
respectively such that said tandem dual-leaf spring
cssemblies have inner ends disposed adjacent to one another
znd outer ends spaced remotely from one another, and
equalizer means operably located between saild first and
csecond hanger means such that said adjacenrt upper end

pr=s

curfaces of said tandem dual-leaf spring assemblies are 1in

sliding contact with second cam surface means formed on said

23
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equalizer means with saild remote cuter end surfaces in

r‘b

sliding engagement with said cam surface means of said first

i)

and second hanger means, and wherein each of said dual-lea:

spring assemblilies arranged in tandem alignment are

substantially i1dentical.

SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS
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