Nov. 10, 1959 J. E. CANDLIN, JR 2,912,234
SUSPENSION SYSTEM AIR SPRING :

Filed March 16, 1956 4 Sheets-Sheet 1

Fia.C

Fia. |

INVENTOR
JAMES E.CANDLIN, JR.
BY Crowwse, rneilt v Carolen
ATTORNEYS -



Nov. 10, 1959

Filed March 16, 1

J. E. CANDLIN, JR

2,912,234

SUSPENSION SYSTEM AIR SPRING

956

I

L

[ W
0/

=)
JIS'

BY

C

4 Sheets-Sheet 2

L

H—hH e

\

[T

INVENTOR

JAMES E.CANDLIN, IR,
/lﬂvnua%¢¢5/<A55; ‘ brolen

. %
ATTORNENS



Nov. 10, 1959 J. E. CANDLIN, JR 2,912,234
SUSPENSION SYSTEM AIR SPRING
Filed March 16. 1956 : "4 Sheets-Sheet 3

INVENTOR

JAMES E.CANDLIN, JR,

BY nomeselly, Kol s bioncles
' ATTORNEYS



Nov. 10, 1959 J. E. CANDLIN, JR 2,912,234

SUSPENSION SYSTEM AIR SPRING

Filed March 16, 1956 . 4 Sheets-Sheet 4
Fle.8 co [
Figq.7 &9\ 65 IM I} 864 520
NS il SN
w&gmpx
u ) 42
WA

= {
[ AN AL A

WP Tl fae

INVENTOR
JAMES E.CANDLIN, J®.

B .
Y ATTORMENS



United States Patent Ofi

2,912,234
Patented Nov. 10, 1959

1CC

1

2,912,234
SUSPENSION SYSTEM AIR SPRING

James E. Candlin, Jr., Lansing, 1L, assignor to Pullman
Incorporated, a corporation of Delaware

Application March 16, 1956, Serial Nq. '571,869

8 Claims. - (CI 267—3)

The present invention relates generally to an improved
form of fluid pressurized spring for use in supporting a
vehicle body with respect to a wheel-carrying axle.. More
specifically, the present invention is directed to an im-
proved form of air spring and suspension system utilizing
the same, which air spring is adapted to be automati-
cally regulated in response to variations in loads carried
by a vehicle body by varying the internal air pressure
carried thereby, and which spring is further provided
with expansion and compression limiting means to pro-
tect the same against damage by excessive expansion or
compression, which limiting means further incorporate
elements capable of cooperatively functioning with parts
of a special form of suspension system with which the
improved air spring is particularly adapted for use..

In improving the riding comfort.of vehicle carried pas-
sengers it has been found desirable to utilize air springs
in the form of pressurized bellows in the make-up of
the suspension system supporting a vehicle body with
respect to a wheel-carrying axle. Springs of this nature
are provided with internal pressure which is varied in
response to the load carried by the vehicle body -and
the air cushioning effect afforded provides a soft and
comfortable ride for the passengers carried by the vehicle.
Regulation of the air pressure carried by the air springs
is often automatically controlled by the use of leveling
valves which function to either increase the air pressure
carried by the springs or bleed the same to a certain
extent in response to vertical relative movement of the
vehicle body with respect to the axle. Due to uneven-
ness in the roadbed being traveled, the.vehicle body
moves vertically with respect to the axle as a result of
operational impacts. The air springs are compressed or
expanded as a result of vertical impacts and in order to
prevent damage to the springs, provision should be made
to limit the dynamic travel of the springs from their
normal position. » v

In the design and production of passenger carrying
railway cars, emphasis has been placed on increasing the
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The improved suspension systems utilized in light-
weight, high speed railway cars include the use of air
springs providing the car body with an air-cushioned ride.
The suspension systems further include lateral movement
control means which move relative to the car body and
axle in a plane transverse of the longitudinal center line
of the car body. The relative movement of the lateral
movement control means allows the car body to bank into
a curve. Additional restraining means are provided in
this form of suspension system to maintain the air springs
in planes which are substantially parallel to the vertical
axis of the car body. Thus the springs are maintained
in an upright condition with respect to the. car body
regardless of the lateral positioning of the body relative to
the axle. As a result of this particular operational _
environment, care must be taken not only to protect the
air springs from damage due to excessive dynamic travel
but also to provide the same with protective elements
capable of cooperating during their functioning with the
elements of the suspension system.

It is an object of the present invention to provide an
improved fluid pressurized spring having internally carried
means which cooperate to prevent damage to the spring
as a resuit of excessive expansion or compression of the
same.

Another object is to provide an improved air spring
formed. primarily from spaced rigid plates interconnected
by an intermediate flexible shell, the plates carrying in-
ternally of the shell cooperating elements which limit
expansion and compression of the spring to protect the
same against damaging use, the limiting means being
associated with one another and with the inner surfaces
of the spaced rigid plates to automatically accommodate
inclination of one plate with respect to another without
loss of efficient functioning of the protective elements.

A further object is'to provide an improved air spring
which is protected against damage or undue wear by ex-
cessive expansion or compression of the same and which
is further particularly adapted for use in an improved
form of suspension system which cooperates with the air

- spring to automatically regulate the internal pressure

carried thereby in response to variations in loads applied

" thereto; the suspension system further cooperating with
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speed of operation and decreasing the total weight of the

cars. Lightweight, high speed railway cars ‘have beén’
designed which utilize but a single axle positioned near
one end of the car thereby resulting in a single axle car-
having a wheel-supported end, the remaining end being
connected in load-bearing support with a wheel-supported
end of an adjacent car. The forming of a train.consist
from a plurality of single axle lightweight high speed
railway cars results in a material reduction in the total -
weight of the consist. To allow the train -consist to
travel at higher speeds, the individual cars are provided
with low centers of gravity and the suspension systems
mounting the car bodies with respect ot the single axles
are provided with high pivot points which allow the car
bodies to bank into a curve in response to the action
of centrifugal force. As the individual cars bank into
the cufves, the curves may be negotiated at speeds ‘in-
excess of operational speeds of conventional equipment:
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the air spring to maintain the same in a substantially
upright position with respect to a vehicle body being

- supported thereby; and the excessive compression and ex-

pansion limiting means carried by the air spring being
adapted to cooperate with portions of the suspension
system - to allow relative movement between the -end
plates of the spring while maintaining full and efficient
functioning of the limiting means confained therein.
Still a further object is to provide an improved sus-
pension system which utilizes air pressurized, load-sup-
porting springs automatically regulated by the cooperative
functioning. of the suspension system with respect to a
vehicle- body carried thereby; the suspension system be-
ing provided with lateral movement control means which
allow the vehicle body to bank or roll with respect to an
axle supporting the same; the suspension system further
including the use of vertically pivotally movable 'air
spring restraining means which cooperatively function
with the “air spring and the. lateral movement control
means to maintain the same in a substantially upright
position with respect to the vehicle body while allowing

. the air -spring to readily compress and expand in re-

70

sponse to- vertical impact; the air spring being provided
with internally carried limiting means to protect the
same from damage arising from excessive expansion and
compression and which further cooperate with the pivotal -

- movement of the restraining means to ‘accommodate”
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changes in the relative positioning between cooperative
clements of the air spring.

Other objects not specifically set forth will become ap-
parent from the following detailed description made in
conjunction with the drawings wherein:

Fig. 1 is an end elevation, partly broken away and
in section, of a single axle railway car of the lightweight,
high speed variety utilizing 2 suspension system in which
the improved air spring of the present invention is par-
ticularly adapted for use;

Fig. 2 is an end elevation similar to Fig. 1 illustrating
the extent of body roll or lateral movement of the car
body afforded by the suspension system as the car nego-
tiates a curve in the track;

Fig. 3'is an enlarged fragmentary plan view, being
partly broken away, of a side assembly of the suspension
system taken generally along line 3—3 of Fig. 1;

Fig. 4 is an enlarged elevation, partly broken away
and sectioned, illustrating the elements of the improved
air spring and being generally taken along line 4—4 of
Fig. 1;

Fig. 5 is an enlarged elevation of the improved air
spring having portions thereof partly broken away and
being taken generally aleng line 5~—3 of Fig. 3;

Fig. 6 is a sectional plan view of the improved air
spring being taken generally aleng line 6—6 of Fig. 4;

Fig. 7 is a sectional plan view of a portion of the
improved air spring being taken generally along line
7—17 of Fig. 5;

Fig. 8 is an enlarged fragmentary secticn taken gen-
erally along line 8—8 of Fig. 7; and

Fig. 9 is an enlarged fragmentary section taken gen-
erally along line 9—9 of Fig. 7.

In Figs. 1 and 2 a lightweight, high speed single axle
car 1§ is shown as being provided with a car body 11
supported by a suspension system on an axle 12 which,
in turn, is provided with laterally spaced wheels 13 hav-
ing wheel flanges 14 cooperating with spaced rails 13,
The car body 11 is provided with a passageway frame
16 from both sides of which exiend support beams 17
interconnected with the shell of the car body 11. On
either side of the passageway frame 1§ are mounted
suspension system side assemblies of identical construc-
tion and in describing these side assemblies correspond-
ing elements of each assembly will be identified by like
reference numerals.

Each of the structural beams 17 support fluid pressure
reservoirs 18 which are connecied with the top surfaces
of vertically acting fluids pressurized springs 19, the
interior of each spring being in communication with a
reservoir 18. The pressurized fluid preferably used is
air which is supplied to each of the reservoirs 18 through
leveling valves 20 from a suitable source not shown.
The leveling valves 28 are operated by linkages 21 which
are attached to laterally directed restraining arms 22 in
the form of wishbones which are integrally connected
with yokes 23 at their inner ends. The yokes 23 are
in turn attached to the bottom portion of the air springs
12. The outermost ends of the restraining arms 22, as
shown particularly in Fig. 3, are provided with integral
eyes 24 which are received between ears 25 carried by
brackets 2§ suitably fastened to the outer side frame of
the car body 11. The eyes 24 and ears 25 are provided
with aligned holes which received therethrough a rubber
bushed bolt or pin 27 to pivotally attach the restraining
arms 22 to the car body 11.

As a result of this arrangement the car body 11 is
allowed to move vertically relative to the axle 12 in
response to compression or expansion of the air springs
19 and the yokes 23 and restraining arms 22 pivot with
respect to the car body 13 during vertical movement of
the same. The yokes 23, by reason of the restraining
action of the restraining arms 22, restrict displacement
of the bottem portions of the air springs 19 longitudinal-
ly of the car body 11. Consequently, the air springs 19
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4
are maintained in a substantially upright position with
respect to the car body 11 at all times during the opera-
tion of the car 1.

The bottom portions of the air springs 19 are asso-
ciated with downwardly and outwardly directed spaced
struts 28 which are limitedly pivotally connected at their
upper ends to reinforced plates 29 positioned below the
yokes 23. Intermediate the yokes 23 and the plates 29
are positioned resilient rubber cushions 3@ which resilient-
ly interconnect the yokes 23 to the plates 22. The limited
pivotal connections between the struts 28 and the plates
29 are provided by rubber torsion sleeve assemblies car-
ried in cylindrical sleeve housings 31 at the upper ends
of the struts 28. The torsion sleeve assemblies are of a
known type being formed from inner and outer rigid
sleeves encasing therebetween a rubber sleeve which al-
lows the rigid sleeves to rotate relative to one another
upon the application of torsional stresses and further
causes the rigid sleeves to return to their original relative
positioning upon an adequate reduction in magnitude of
the torsional stresses applied to the assembly. The inner-
most rigid sleeves are fixedly attached to trunnions 32
(see Fig. 3) which are integrally carried by the plates 29.
The outermost rigid sleeves are fixedly secured to the
inner surfaces of the cylindrical sleeve housings 31 form-
ing the upper ends of the struts 28.

The lower ends of the struts 28 are also provided with
cylindrical sleeve housings 33 which house rubber tor-
sion sleeve assemblies cf the type previously described.
These assemblies are in turn received about trunnions 34
(see Fig. 3) which are formed integral with saddle mem-
bers 35 encasing the upper outer surface of journal boxes
36 carried on the outer ends of the axle 12. The saddie
support members 35 are removably attached to the jour-
nal boxes 36 to allow the car body 11 and its associated
suspensicn system to be dismounted intact from the axle
12 and journal boxes 36. This arrangement provides for
ready and uncomplicated removal of the axle 12, wheels
13 and journal boxes 36 from association with the car
body 11 and suspension system carried thereby for re-
placement and maintenance purposes.

In considering the operation of the suspension sys-
tem and the elements thereof which have been described
above, the air springs 19 function to carry the weight of
the car 10 and maintain the car body 11 in predeter-
mined spaced vertical relation with respect to the axle
12. Upon variations in load which promote expansion
or compression in the air springs 19, the pressure neces-
sary to vertically position the car body i1 with respect
to the axle 12 is automatically supplied from a suitable
source through the reservoirs 18 into the interior of the
air springs 19. If the load is increased and the car body
11 moves vertically downwardly toward the axle 12, the
leveling valves 28 are moved downwardly toward the re-
straining arms 22 and the valve operating linkages 21,
being fixed to one of the restraining arms 22, operate
the valves 29 to admit pressurized air from the scurce
into the reservoirs 18 and ultimately into the springs 19
to bring about an increase in air pressure in the springs
12 to an extent that the car body 11 is automatically raised
back to its initial position with respect to the axle 12.
When the load of the car 1@ is decreased, the car body
11 will move vertically upwardly with respect to the axie
12 and the operating linkages 21 function to bleed the
air springs 19 through their associated reservoirs 8 of
excess pressure to adjust the air pressure carried by the
springs 19 thereby returning the car body 11 to its ini-
tial position with respect to the axle 2. As a resuit,
automatic compensation of air pressure carried by the
springs 19 is brought about in response to variations in
the weight of the car body 11.

The struts 28 not only transmit the weight of the car
body 11 to the axle 12 through the journal boxes 36, but,
due to their limited pivotal end connections, the struts
28 are adapted to pivot with respect to their ends in
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planés transvérse of the longitudinal axis of the car body
11 to allow the same to bank or roll in response to the
action of centrifugal force when the car 10 negotiates a
curve. The rubber torsion sleeve assemblies carried by
the cylindrical sleeve housings 31 and 33 of the struts
28 normally bias the car body 11 into an upright posi-
tion with respect to the axle 12. However, upon the
action of centrifugal force of adequate magnitude on
the car body 11, the biasing strength of the torsion sleeve
assemblies is overcome to an extent that the struts move
in transverse planes and pivot in clockwise directions
about their end pivotal connections to allow the car
body 11 to bank into a curve.

The banking action provided by the pivotal end con-
nections of the struts 28 is illustrated in Fig. 2 wherein
the car 10 is illustrated in the process of rounding a curve
extending to the left as viewed. The restraining arms
22 and their associated yokes 23 fix the bottom portions
of the air springs 19 so that the vertical axes of the
springs 19 remain substantially parallel with respect to
the vertical axis of the car body 11 at-all times. The
yokes 23 and restraining arms 22 by reason of being piv-
otally connected with the car body 11 in a vertical plane
only, further function to restrain the axle 12 through
the struts 28 and journal boxes 36 from movement longi-
tudinally of the car body 11.

To limit the total degree of banking brought about by
the action of centrifugal force, the struts 28 intermedi-
ate the ends thereof are provided with brackets 37 car-
rying resilient abutment means 38 directed inwardly to-
ward the door frames 16 for abutment with plates 39
carried by the door frame 16. As shown in Fig. 2 the
right bracket 37 and associated abutment means 38 are
in abutment with the plate 39 thereby limiting the total
degree of bank supplied to the car body 11 by the ac-
tion of centrifugal force. In this manner, excessive bank-
ing of the car body 11 is eliminated and a safe and com-

fortable ride is provided regardless'of the speed of op-

eration.

The resilient cushions 30, interconnecting the yokes
23 with the plates 29, allow limited relative movement
between these elements to provide for positive steering
of the axle 12 to eliminate the tendency of the wheel
flanges 14 of climbing the outer rail when the car 10
negotiates a curve. The biasing action of the cushions
30 normally maintains the axle 12 at right angles to- the
longitudinal center line of the car body 11, but, in the
event that positive steering action is applied to the axle
12, the same may be turned relative to the longitudinal
axis of the car body 11 and the plates 29 accommodate
this turning action by tilting forwardly or rearwardly with
respect to the yokes 23. The positive steering action,
supplied either by an axle steering mechanism or the
camming action of the rails on the wheel flanges 14,
overcomes the biasing strength of the resilient cushions
30 which re-assert themselves to return the axle to its
original position once the positive steering forces have
been sufficiently dissipated. The cushions 39 still fur-
ther absorb the lateral components of impact forces
transmitted axially of the struts 28 to prevent the trans-
mission of these components into the body structure
through the restraining arms 22.

From the foregoing it may be readily seen that the
type of suspension system disclosed is highly efficient in
operation and uncomplicated in construction. It is with
this type of suspension system that the improved air
spring of the present invention is particularly adapted
for use. The improved structural features of the air
spring will now be described in connection with Figs.
4-9 and in using the improved air spring in the suspen-
sion system already described, the operation of the same
is greatly enhanced by -the cooperatlve functioning of
various elements of the suspension system with the im-
proved elements of the air spring.

. Referring particularly to Figs. 4-6, the structural fea-
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6 .
tures of one of the air springs 19 will be described, it bé«
ing understood that each of the air springs 19 of Figs.
1 and 2 are identical in construction and operate in the
same manner. The air spring 19 includes a top rigid
plate 40 which is suitably attached to the bottom wall
of an air reservoir 18 and is provided with a central
aperture 41 communicating the interior of the reservoir
18 with the interior of the air spring . 19. Spaced ver-
tically downwardly from the top plate 46 is a rigid bot-
tom plate 42 which is interconnected with the top plate
4% by an outer compressible shell 43 in the form of rub-
ber bellows being provided with spaced retammg rings
44 to control the type of expansion and compresswn pro-
vided by the bellows 43. The end margins of bellows
43 are clamped in sealed engagement to the opposed sur-
faces of the top and bottom plates 40 and 42 by clincher
rings 45 of known and conventional design. Each of
the clincher rings 45 are fastened to their respective
plates by spaced bolts 46 and are provided with inturned

flanges 47 about the inner p\,rlpherles thereof which clamp

the end margms of the bellows 43 in sealed engagement
with the inner surfaces of the plates 40 and 42.

The bottom plate 42 carries centrally thereof a center
post 48 which is pivotally mounted with respect to the
bottom plate 42 in a manner to be described. “The center
post 48 extends upwardly toward the top plate 48 and
the uppermost end of the same is free to move toward
and away from the inner surface of the top plate 40.
Depending downwardly from the inner surface of the
top plate 49 toward the bottom plate 42 is a rectangular
housing 4% which is provided with an upper flanged por-
tion 59 attached to the inner surface of the top plate 40
by spaced bolts 5. The housing 49 is apertured along
its side walls, as indicated by the numeral 52, to reduce
the weight of the same while retaining its intended func-
tion. The lower portion of the housing 49 is provided
with an outwardly extending contintious flange 53 which
has attached to the bottom suiface thereof a plate 54
by means of spaced threaded bolts 55. The plate 54 is
centrally apertured and has bonded thereto along its
entire bottom surface, its inner edge and a portion of the
top surface inwardly of the aperture, a resilient cushion
56 of rubber which serves as an abutment stop means in
a manner to be described. The central portion of the
cushion 56 is apertured to provide an opening 57-through
which the center post 48 extends into the interior of the
housing 49. The opening 57 is of a diameter slightly
greater than the diameter of the post 48 to allow the post
to move freely while properly positioning the post in the
housing 49. The top portion of the rubber cushion 56,
which extends inwardly of the edge of the top surface of
the plate 54, is positioned within the housing 48.- As par-
ticularly shown in Fig. 5, the flange 53, plate 54, and
cushion 56 are inclined with respect to the horizontal so
that the central bottom surface 38 presents an inclined
flat surface of substantial area for abutment with the
inner surface of the bottom plate 42 during the operation
of the air spring 19.

The free top end of the center post 48 is provided with
an abuiment stop means 59 which is formed with a ra-
dially directed bottomn poriion 60 of circular shape
adapted for abutment with the top surface of the cushion
56 positionsd within the housing 49. The bottom plate
60 is provided with an oval-shaped slot 61 (see Fig. 6)
which is received about the center pest 48 and upwardly
directed ears 62 carry aligned holes therein which are, in
turn, aligned with a transverse hole near the end of the
center post 48. The aligned holes receive therethrough a
pivot pin 63 pivotally attaching the abutment member
59 to the free end of the center post-48. The abutment
member 59 is free to pivot with respect to the longitu-
dinal axis of the center post 48 to an extent provided by
the clearance between the edges of the central aperture
61 and the outer surface of the post 48.

_-Referring particularly to Figs. 4 and 7-9 the manner
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in which the center post 48 is removably and pivotally
mounted in the bottom plate 42 will now be described.
The bottorn portion of the center post 48 is provided
with a transverse pin 64 which extends therethrough to
provide the center post 48 with trunnions 65 on either
side thereof. The inner surface of the bottom plate 42
is provided with a rectangular opening or slot 65 (ses Fig.
7) which receives the bottom end of the center pest 4

therein. Diagonally opposite porticns of the slot 6§ are
undercut to provide internal grooves 68 having back walls
of arcuate outline to allow the trunnions &3 to be re H
below overhanging portions 69 of the bottom plate
One of the overhanging portions €9, as shown in Figs.
4 and 7, is provided with a drilled hole aligned with a
threaded hole in the bottom surface of the grocve 68 to
receive a threaded locking pin 78 for biocking of
the grooves §3.

In mounting the center post with respect to the botiom
plate 42, the bottom portion of the post with its associated
trunnions 63 is aligned with the rectangular opening 856
and moved downwardly until the trunnions €5 become
aligned with the transversely extending grooves 68 below
the cverhanging portions 69. As shown in Figs. 4, 8 and
9, ths center portion 67 of the slot 66 is recessed down-
wardly below the grooves 63 to receive the bottom end
of the center post 48 thereby allowing the trunnions 65
to become aligned with the diagonally positioned grooves
68. The center post 48 is then rotated cleckwise and the
trunnions 5 moved into the grooves 68 belew the over-
hanging portions 69 thereby mounting the center post 4§
with respect to the plate 42. The locking pin 79 is then
advanced into its proper position to block one of the
grooves &3 thereby fixing the center post 48 against coun-
terclockwise rotation and disconnection from the bottom
plate 42. The center post 48 is allowed to pivot about
the longitudinal axis of its pin %4 held by the overhang-
ing portions 69 of the grooves 68 thereby allowing the
post 48 to move in two directions out of its vertical posi-
tioning with respect to the plate 42.

In the operation of the suspension system as previously
descrived, the air springs 19 support the weight of the
car body 11 and the air pressure carried thereby absorbs
the vertical shock caused by vertical rise and fall of the
car body 11 during the operation of the car 18. The
structural elements of the air springs 19 described above
cooperate with one another to Iimit expansion and com-
pression of the air springs 19 to protect the elemecnts
thereof against damage. In many instances, vertical im-
pacts to the car body 11 are of sufficient magnitude to
overcome the shock absorbing ability of the air cushion
provided by the pressurized springs 12. Under such cir-
cumstances, the springs 19 become expanded or com-
pressed o an extent that damage to the particular ele-
ments forming the springs may occur.

The total expansion of the spring 19 will be limited by
contact between the bottom surface of the abutment plate
59 with the top surface of the resilient abutment stop
means 3% within the housing 49. The top and bottom
plates 48 and 42 move away from one ancther until the
bottom surface of the abutment means 59, moving with
the center post 48 away from the top plate 48, contacts
the top surface of the resilient cushion 55 thereby limiting
the total expansicn of the air spring 9. Upcn compres-
sion of the same, the top and bottorm piates 40 and 42
move toward one another until the bottom surface 58
of the resilient cushion 56 contacts the inner surface of
the bottom plate 42. In this manner the total exient of
expansion or compression is limited by abutment of the
elements described. The resilient cushion 36 acts as both
an abutment stop means and an abutment means depend-
ing on the tyce of limiting action required.

Upon vertical impact to the car body 11 the same
will first move downwardly with respect to the axle 12
and the struts 28 will retain their normal positions.
As a result, the yokes 23 will be tiited upwardly by
downward movement of the brackets 26 and this tilting
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action is allowed by reason of the flexibility of the air
springs 19 and the resilient cushions 3¢. Consequently,
the yokes 23 being attached to the bottom plates 42 of
the air springs 19 will tilt the bottom plates 42 to the
same extent of inclination as imparted to the yokes 23
by downward movement of the car body 11. Due to
the tilting of the bottom plates 42, the flange 53, plate
54 and resilient cushion 56 are mounted in an inclined
position, the angle of inclination being predetermined to
substantially conform with the expected angle of incli-
nation of the bottom plate 42 during operation of the
car 1§. As a result of equal cor near egual inclination
of the bottom surface 38 of the cushion 56 and the
inner surface of the bottom plate 42, the two surfaces
will contact one another over a substantial area upon
the air springs 19 being compressed to the limiting ex-
tent. By providing surface contact over a substantial
area the wear between the abutting elements is incon-
sequential, whereas, if point contact were established
the wearing down of the limited surface areas breught
intc abutment would eventually aliow the air springs
19 to be compressed to an extent where damage might
readily occur.

Following complete compression of the air springs 19,
the car body 13 will tend to rise above its normal ver-
tical relation with respect to the axle 32 and the air
springs will be expanded to an extent that the abutment
plate 5% will be brought into contact with the top sur-
face of the resilient cushion 5% positioned within the
housing 49. Rising of the vehicle body 31 will change
the inclination of the yokes 23 and the botiom plate
42 to an extent that the beitom plate 42 will move past
the horizontal plane and become inclined in the oppo-
site direction. In order to promote full surface contact
between the bottom surface of the abuiment plate 59
and the top surface of the cushion 56, the center post
48 is pivotally attached to the botiom plaie 42 as pre-
viously described and is free to move transversely rela-
tive to the cushion 56 within the opening 57. Further-
more, the abutment plate 3% is pivotally aitached to
the free end of the center post 48 and, by reason of the
pivotal connection, the abutiment plate 59 will be auto-
matically centered with respect to the top surface of
the cushion 56 thercby providing full surface comntact
between the same to preveni localized wear of the ele-
ments. Consequently, the extent to which the air springs
19 are expanded upon upward vertical movement of the
car bedy 11 will be limited by contact between the abut-
ment plate 59 and the top surface of the cushion 56.

The functioning of the expansion and compression
limiting means of the air springs 19 previously described
will be brought about in the same manner as described
whether or not an impact to the car body 11 produces
lateral movemeni or roll of the same. These elements
will furthermore function in the same manner as de-
scribed in the event that vertical impact occurs upon
the negotiation of a curve during which the car body
i1 is banking intc the curve and the struts 28 are mov-
ing about their pivotal end connections. As a result,
the particular expansion and compression limiting means
utilized in the air springs 19 are adapted for efficient
functioning under all operating conditions. The elements
forming the limiting means will function regardless of
the motion imparted to the vehicle body 11 as long as
vertical movement of the same is present. The limiting
means not only prevent damage to the air springs and
other elements of the suspension system by guarding
against excessive expansion and compression of the
springs, but also limit total vertical movement of the
car body 11 relative to the axle 12. This latter feature
is of particular imwportance when the improved springs
are used in suspension systems of the type described
which support a car body in low-slung relation with the
axle and rails. The car body may move vertically rela-
tive to the axle and rails to a limited extent only so
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a3 to avoid damaging contact with either the axle or the
rails.

Obviously many meodifications and variations of the
invention as hereinbefore set forth may be made with-
out departing from the spirit and scope thereof, and
therefore only such limitations.should be imposed as
are indicated in the appended claims. o

Iclaim: :

1. An-air spring for use in a vehicle body suspension
system, said spring including a pair of rigid end plates
interconnected by an intermediate flexible shell, one of
said plates carrying a center post positioned within said
shell and-having a free end movable toward and away
from the other of said plates, a housing carried by said
other plate internally of said shell and receiving the
free end of said post therein, the innermost end of said
housing carrying a rigidly - supported resilient cushion
being provided with an opening therethrough which
Treely receives said post, and laterally extending abut-
ment means carried by said post near the free end
thereof -and within said housing, said abutment means
being aligned with the inner surface of said cushion to
engage the same upon movement of said plates away
from one- another to a predetermined extent, the outer
surface of said cushion being positioned for abutment
with said first plate upon movement of said plates toward
one another to a predetermined extent.

2. An air spring for use in a vehicle body suspension
system, said spring including a pair of rigid end plates
interconnected by an intermediate flexible shell, one of
said plates carrying a center post positioned within said
shell and having a free end movable toward and away
from the other of said plates, a housing carried by said
other plate internally of said shell’ and receiving the
free end of said post therein, the innermost end of said
housing carrying a rigidly supported resilient cushion
being provided with an opening therethrough ~which

freely receives said post, and transversely extending abut--

ment means carried by said post near the free end
thereof and within said housing, said abutment means
being aligned with the inner surface of said cushion to
engage the same upon movement of said plates away
from one another to a predetermined extent, the outer
surface of said cushion being positioned for abutment
with said first plate upon movement of said plates toward
one another to a predetermined  extent, said post being
pivotally mounted on said first plate and the abutment
means carried by said post being pivotal relative thereto
to retain substantially full abutment contact between said
abutment means. and. the inner surface of said cushion
upon inclination of said plates relative to one another.

3. An air spring for use in a vehicle body suspension
system, said spring including a pair of rigid end plates
interconnected by an intermediate flexible shell, one of
said plates removably carrying a center post positioned
within said shell and having a free end movable toward
and away from the other of said plates, a housing car-
ried by said other plate internally of 'said shell and re-
ceiving the free end of said post therein, the innermost
end of said housing carrying a rigidly supported resilient
cushion being provided with an. opening therethrough
which freely receives said post, and transversely extend-
ing abutment means carried by said post near the free

end thereof and within said housing, said abutment means.

being aligned with the inner surface of said cushion to
engage the same upon movement of said plates away
from one another to a predetermined extent, the outer
surface of said cushion being positioned for abutment
with said first plate upon movement of said plates to-
ward one another to a predetermined extent, said post
being pivotally mounted on said first plate and the abut-
ment means carried by said post being pivotal relative
thereto to retain substantially full abutment contact be-
tween said abutment means and the inner surface of said
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cushion upon inclination of said first plate telative to'said
other plate, the outer surface of said cushion being in-
clined to abut said first plate over a substantial area of
said cushion upon the inclination of said first plate’ rela-
tive to said other plate, v _

4. In a suspension system supporting a vehicle body
on a wheel-carrying axle, said system comprising "verti-
cally acting fluid pressurized springs in direct support of
said body, load-transmitting’ means ‘connected to and ex-
tending between said springs and said axle, and spring
restraining means interconnecting -each of said springs
and said body to maintain said springs in a_substantially
upright position with respect to said body, said restrain-
ing means’ being pivotal relative to said body in a verti-
cal plane for movement with said springs upon compres- -
sion of said springs by said body, the provision of each
of said springs including a pair of rigid end plates inter-
connected by an intermediate flexible shell, one of said
plates carrying a center post positioned within said shell
and having a free end movable toward and away from
the other of said plates, a housing carried by said other
plate internally of said shell and receiving the free end
of said post therein, the innermost end of said housing
carrying a rigidly supported resilient cushion being pro-
vided with an opening therethrough which freely receives
said post, -and transversely extending abutment means
carried by said post near the free end thereof and within
said housing, said abutment means being aligned with the
inner surface of said cushion to engage the same upon
movement of said :plates away from one another to a
predetermined extent, the outer surface of said cushion
being positioned for abutment with said first plate upon
movement of said plates toward one another to a pre-
determined exient. : :

5..In a suspension system supporting a vehicle body
on a wheel-carrying axle, said system comprising verti-
cally acting fluid pressurized springs in direct support of
said body, load-transmitting means connected to and ex-
tending between said springs and -said axle, and spring
restraining means interconnecting -each of said springs
and said body to maintain said springs in a substantially
upright position with respect to said body, said restrain-
ing means being pivotal relative to said body in a verti-
cal plane for movement with said springs upon com-
pression of said springs by said body,-the provision of
each of said springs including a pair of rigid end plates
interconnected by an intermediate flexible shell, one of
said plates. carrying a center post positioned within said
shell and having a free end movable toward and away
from the other of said plates, a housing carried by said
other plate internally of said shell and receiving the free
end of said post therein, the innermost end of said hous-
ing carrying a rigidly supported resilient cushion being
provided with an opening therethrough which freely re-
ceives said post, and laterally extending abutment means
carried by said post near the free end thereof and within
said housing, said abutment means being aligned with
the inner surface of said cushion to engage the same
upon movement of said plates away from one another
to a predetermined extent, the outer surface of said
cushion being positioned for abutment with said first plate
upon movement of said plates toward one another to a
predetermined extent, said first plate being connected
with a spring restraining means and said other plate
being fixed with respect to said body, said post being
pivotally mounted on said first plate and the abutment
means carried by said post being pivotal relative thereto
to retain substantially full abutment contact between said
abutment means and the inmer surface of said cushion
upon inclination of said plates relative to one another.

6. In a suspension system supporting a vehicle body
on a wheel-carrying axle, said system comprising verti-
cally acting fluid pressurized springs in direct support of

‘said body, load-transmitting means connected to and ex-

tending between said springs and said axle, and spring
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restraining means interconnecting each of said springs
and said ‘body to maintain said springs in a substantially
upright position with respect to said body, said restrain-
ing means being pivatal relative to said body in a verti-
cal plane for movement with said springs upon com-
pression of said springs by said body, the provisicn -of
each of said springs including a pair of rigid end plates
interconnected by an intermediate flexible shell, .one of
said plates removably carrying a center post positioned
within said shell having a free end movable toward and
away from the other of said plates, a housing carried by
said other plate internally of said shell and receiving the
free end of said post therein, the innermost end of said
housing carrying a rigidly supported resilient cushion
being provided with an opening therethrough which freely
receives said post, and laterally extending abuiment
means carried by said post near the free end thereof
and within said housing, said abutment means being
aligned with the inner surface of said cushion to engage
the same upon movement of said plates away from one
another to a predetermined extent, the outer surface of
said cushion being positioned for abutment with said first
plate upon movemeni of said plates toward one another
to a predetermined extent, said first plate being attached
to a restraining means to move with the same relative to
said .other plate in the vertical pivotal plane of said
restraining means, the other plate being fixedly mounted
with respect to said body, the ocuter sarface of said
cushion being inclined to abut said first plate over a
substantial area of said cushion upcn the iaclination of
said first plate relative to said other vlate, compression
of said springs resulting substantially from the move-
ment of said other plate toward said first plate.

7. In a suspension system supporting a vehicle body
on a wheel-carrying axle, the system inciuding laterally
spaced air springs each being formed from vertically
spaced rigid top and botiom piates interconnected by an
intermediate flexible shell portion, the top plate being
fixedly connected with the vehicle body and the bottom
plate being attached to a restraining means which is
verticaily pivotally mounted con the vehicle body, and
lateral movement control means operatively connected
with the bottom plate of each of the air springs and ex-
tending downwardly into load-transmitting attachment
with the axle, the provision of compressicn and expan-
sion limiting means in each of said air springs, said limit-
ing means including a center post carried by said bottom
plate and positioned within said shell porticn and having
a free end movable toward and away from said top plate,
a housing carried by said top plate internally of said shell
portion and recziving the free end of said post therein,
the innermost end of said housing carrying a rigidly sup-
ported resilient cushion which is provided with an -open-
ing therethrough which freely receives said post, and
transversely extending abutment means carried by said
post near the fres end thereof and within said housing,
said abutment means being aligned with the inner sur-
ace of said cushion to engage the same upon movement
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of said plates away from one another to a predetermined
extent, the outer surface of said cushion being positioned
for abutment with said bottom plate upon movement of
said plates toward one another to a predetermined extent.
3. In a suspension system supporting a vehicle body
on a wheel-carryving axle, the system including laterally
spaced air springs each being formed from wvertically
spaced rigid top and bottom plates interconnected by an
intermediate fexible :shell portion, the top plate being
fixedly .connected with the vehicle body and the bottom
plate being attached to a restraining means which is
vertically pivotally mounted on the vehicle body, and
lateral movement centrol means operatively connected
with the bottom plate .of .each -of the air springs and ex-
tending downwardly into load-transmitting attachment
with the axle, the provisien of compression and expan-
sion limiting means in each of said air springs, said limit-
ing means including a center post carried by said bottom
piate and positioned within said shell and having a free
end movable toward and away from said top plate, a
housing carried by said top plate internally of said shell
and receiving the free end of said post therein, the inner-
most end of said housing carrying a rigidly supported
resilient cushion which is provided with an cpening there-
through which freely receives said post, and lateraily ex-
tending abutment means carried by said post near the
free end thereof and within said housing, said abutment
means being aligned with the inner surface of said cushion
upon movement of said plates away from one ancther
to a predetermined extent, the outer surface of said
cushion being positioned for abutment with said bottom
plate upon movement of said plates toward one another
to a predetermined extent, said post being pivotally
mounted on said bottom plate and the abutment means
carried by said post being pivotal relative thereto to re-
tain substantially full abutment contact between said abut-
ment means and the inner surface of said cushion upon
inclination of said bottcm plate relative to said top plate
by said restraining means, the outer surface of said cushion
being inclined to abut said bottom plate over a substan-
tial area of said cushion upon the inciination of said
bottom plate relative to said top plate in response to ver-
tical pivotal movement of said restraining means.
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