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This invention relates to an axle guiding ar-
rangement for rigid axles supported by springs
which are freely yicldable under transverse
forces. . Such springs are—in contradistinction
to leaf type springs—e. g. so-called ring springs
(consisting of separate spring rings telescopically
fitted one In the other), rubber pads, hydraulic
and pneumatic cushlons or the like, preferably
helical springs and more especially ungulded hel-
1cal springs. 'This hecause helical springs show—
apart from the drawhack which is overcome by
the invention-—speclial advantages. The invention
is specially adapted for motor vehicles and has for
its object to effect a kinetlcally perfect gulding of
such axles which arc suitable of rellably taking
up even large forces acting between the axle and
chassis and which are not absorbed by the springs
and to ensure a gcod road-holding.

The invention consists substantially in that one
or more vehicle axles are guided agalnst lateral
defiection relatively to the frame by one or sev-
eral pairs of toggle lever-like links arranged in
series, Preferably the rear axle is guided accord-
ing to thc invention and the front axle is con-
structed as Independent parallel guiding of the
wheels. Shearing forces and twisting moments
(especially driving and braking moments) of at
least one axle are preferably taken up by a torsion
hracing, provision being made that the vehiele

axle can swing about a longitudinal axls extend- :

ing in the direction of travel. For this purpose
at least one of the three Joints by which eech pair
of the toggle lever-like, series arranged guide
links is connccted together and to the chassis or
to the vehicle axle is constructed as a joint mov-
able in all directions, prefarakly the joint con-
necting the two gulde links, for example as a hall
Joint, whereas the other joints preferably hinge
Joints cnly allow a swinging movement about a
transverse axis, Preferably only g single pair of
links is provided for guiding {he vehicle axle, the
joint movable in all directlons being arranged in
the central longitudinal plane of the vehicle.
Contrary to the spring suspensich with hlade
springs (leaf type springs) the axie is guided and
resiliently cushiohed according to the invention
fn such a manner that the springs exclusively
serve for the cushioning of the axle in vertical di-
rection and are completely relieved from lateral
forces, whereas the guiding of the axle and ab-
sorption of the lateral forces are effected exclu-
sively by the hingedly interconnected links. This
results in a free working of thc axls relatively to
the chassls and in an advantageous, adaptable
gpring suspernsion which can be easily construct-
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ed in such a manner that 1t immediately responds
without any friction even in the case of small
shocks and obstacles.

The advantages of this spring suspension can
be further improved if with driven axles the axle
gear Is arranged on the chassis with the result
that the masses to be cushicned are reduced and
the cushioning is made still softer and more
adaptable,

Another advantage ¢f the invention is, that the
ball foint allowing the swinging movement of the
axle 1s lccated between the two links. On this ac-
count the lateral forces acting on the axle, which
are transmitted by the ball joint, cause smaller
stresses in the hinge joints of the links, because
the arm of lever with which these lateral forces
subject the links and bearing peints of the links
to hending and pressure stresses, corresponds at
the most to the length of one link,

By the forked construction of the links they
can also be mounted in an advantageous manner
on the chassis and on the axle respectively at
both sides of an axle gezr mounted on the chas-
sis (e. g. by an extension cn the gear) in that
their forked arms straddle the axle gear ard its
fixatlon eye sp that the space required by the
links is reduced to a minimum. This advantage
1s particularly desirable when the hinge points of
the two links are located approximately one above
the other on the chassis and cn the axle, whereas
the joint connecting the links, (preferahly an
universal joint), 1s located towards the end of the
vehicle, so that the two links, scen from the side,
form a rearwardly directed V.

Moreover the Invention relates to a practical
arrangement and construction of the axle guide
formed by the guide links or the torsion bracing.

In the ease of a chassis cornposed of longitudi-
nal and transverse girders and if helical springs
are used, a preferred form of embodiment of the
invention consists in that each helical spring
bears from below against a longitudinal girder of
the chagsis at its junction with a transverse gird-
er or near this point and the corresponding shock
absorber is arranged on a longitudinal girder of
the chassis at its junetion with another trans-
verse girder of the chassis or near this junction,
Preferably the two mentioned transverse girders
are on different sides of the axle.

Hellcal springs and shock ahsorbers are pref-
erably arranged on opposite sides of the wheel
axle, for example of a swing semi-axle or of a
rigld axle, the helical spring preferably bearing
with its Iower end agalnst the torsion stay ex-
tended beyond the extension of its axle to -&pa
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proximately the point of intersectlon of the lon-
gitudinal girder with the transverse girder.

The Invention possesses the advantage of a
particularly favourable absorption of the forces,
as both the spring forces and also the shock sb-
sorber forces are transmitted to such points of the
longitudinal girder of the chassis which, owing
to the bracing by the transverse girders are par-
ticularly suitable for this purpose. The chassis
is thus subjected to torsional and bending
stresses to & minimum extent.

Furthermore the invention results in g particu-
larly great space-saving arrangement, as the
spring and shock absorber fit under the chassis
girders and both ends of the axle in a particularly
advantageous manner.

Only a single helical spring of particularly
large diameter is preferably provided for each
side of the vehicle. Thus the structural ar-
rangement is yet more favourable and at the
same time a particularly elastic and gentle
spring suspension is attained.

A hydraulic shock absorber is preferably used
which during the upward movement of the axle
exerts no or very little damping effect but dur-
ing the downward movement and also possibly
in the case of relatively large defiections exerts
an intensified damping effect.

In the accompanying drawings,

Figs. 1 and 2 show diagrammatic views of a
form of construction of the axle guide according
to the invention in vertical section and plan view,
one pair of guide llnks being provided oh each
side of the vehicle,

Pigs. 3 and 4 show also in vertical section and
plan view and in greater constructional detall
another form of construction according to the
invention in which only a single middle pair of
guide links is provided, and finally

Pg. 5 is an illustration on a larger scale of «

both guide links which for the sake of clarity
are shown in the same plane.

Pig. 6 shows the rear part of & vehlicle chassis
composed of longitudinal and transverse girders
with the special arrangement of the helical
springs and of the shock absorbers in side ele-
vation partly in section on llne X—Y of Fig, 7,

Fig. 7 is a top plan view of Fig. 6 in which por-
tions of the chassis are cut away for the sake of
clearness.

In Figs. 1 and 2 a designates the chassis, b
the rear wheels, ¢ the rear axle which is spring
supported relatively to the frame by, for exam-
ple, unguided spiral springs d. The axle is sup-
ported against shearing forces acting in the di-
rection of travel and against twisting moments,
especially driving and braking moments, in
known manner by a triangular bracing formed by
two stays e, which bracing is hingedly connected
to the chassis—preferably by a ball joint f/—and
forms with the axle ¢ a rigid triangular system.

As the springs 4 cannot take up lateral forces,
two pairs of links each comprising two toggle
lever-like, series arranged links g and % are pro-
vided for guiding the axle against lateral dis-
placement, the link g being connected by a joint
{ to the axle ¢ and by a joint k to the other link
. which in turn is connected to the chassis by
a joint I. 'The two links form an angle « which
when the axle is In its normal position 13 less
than 90° and which becomes smaller when the
axle swings upwards and larger (for example
more than 90°) when it swings downwards.

If the joints 4, k, I are constructed as hinge
joints in such a manner that they allow & swing-
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Ing movement of the hingedly connecied parts
only about a transverse axXls of the vehicle, the
vehicle axis c—provided the links ¢ and & are
sufficiently rigld—cannot swing about a longi-
tudinal axis extending in the direction of travel.
By employing rotary elastic links ¢, # such &
swinging movement of the axis relatively to the
frame can however be attalned to a greater or
lesser extent. It can also be asszlsted by con-
structing ohe of the joints i, k, I as a ball jolnt or
in some other way as a joint movable In several
or all directions, for example by interposing rub-
ber.

The form of construction illustrated in Figs.
3 to b is particularly practical and particularly
suitable for heavy stressing. 'The corresponding
parts are designated as in Flgs. 1 and 2. Con-
trary to the form of construction according to
Figs. 1 and 2 only & single middle pair of links
¢, h is provided, the upper link k and the rear
part of the chassis being indicated in dot-dash
lines in Plg. 4. The lnks are triangular—or
forked or V-shaped as shown particularly in
Fig. b, the link ¢ being connected to the axle by
two pin or hinge }oints i arranged on the ends
of the fork arms, and the link & to the chassis
by correspondingly arranged pin or hinge joints
{. The two links are connected by a ball joint
k arranged in the longitudinal central plane of
the vehicle. The ball k is arranged on a pin m
inserted on to the link g and secured by a nut,
whereas the ball cup is bolted in the form of a
two-part bearing = on one end of the link # pro-
vided with a cross brace ¢. 'The joints i—i—k
and [ —I—k each form a rigid triangle with the
result that the axle ¢ is secured in a rellable
manner against lateral displacement relatively
Lo the chassis and even large forces can be trans-
mitted perfectly. Yet, for example rubber pads
might be interposed in the joints to effect a noise
damping and a certaln elastic taking up of lat-
eral shocks.

Owing to the ball joints f and k& arranged in
the longltudinal central plane of the vehicle the

5 vehicle aXle can swing relatively to the chassis

about the longltudinal axis A—B so that even
one-sided stresses by which one or other wheel
is lifted are gently damped. Instead of the joint
k., the joint i or I may be constructed as hall joint
or as joint movable in several or al]l directions
and allowing the vehicle axle to swing about a
longitudinal axis. If the joint ! is corresponding-
ly constructed the advantage is derived that the
longitudinal axis A—B which would now extend
through the joint I is correspondingly higher ahd
above the middle of the wheels and consequently
the stability of the vehicle In respect to transverse
oscillations and transverse inclinations is in-
creased to a corresponding extent.

The axle ¢ is constructed as a tubular axle and
rearwardly bent in the middle in order to pass
ground the differential gear g suspended for ex-
ample elastically at three points r on the cross
members p and ¢ of the chagsis. The stays e may
also be tubular or box-shaped. As can be seen
they extend beyond the axle ¢, the axle ¢ passing
through and welded to them to form a rigid unit.
The ends of the stays projecting beyond the axle
serve as lower support for the unguided helical
springs d which are secured to the end of the stays
or to the chassis by fastening elements.

The vehicle is driven by an engine, for example
arranged at the front of the vehicle, through the
intermediary of the driving shaft £, the differen-
tial gear s and the cardan shafts #. The front
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wheels (not shown) are preferably guided par-
allel or substantially parallel independent the one
of the other, for which links, transverse springs,
cylindrical guides or other guiding means may
be used.

Pigs. 6 and 7:

The chassls comprises longitudinal girders Ai
preferably of oval cross-sectlon and preferably
tubular transverse girders Bi, C and Di.

The rear wheels E are driven by cardan shafts
F which in turn obtain thelr drive from the
cardan shaft G through the axle gear H which is
secured on at least one of the transverse girders
or for example at two points on the fransverse
girder B1 and at one point on the {ransverse
girder C.

The rear wheels E are connected by a rigid axle
I which is tubular and bent rearwardly around
the axle gear, preferably towards the slde of said
girder, one of the lnks of the frame of links
being hingedly mounted on this girder.

For taking up the shearing forces tubular or
box-shaped torsion stays K are provided which,
in the example {Hustrated, are rigidly connected
to the axle in that they are led therethrough and
welded thereto, The stays K, only one of which
1s shown in the drawings, form with the axle I for
example Ai triangular bracing whieh at its front
end can be supported on the chassls in known
manner by a ball joint. A helical spring M bears
dowvmwards on the end L of the stay K project-
ing beyond the axle I, the lowermost cell of the
hellcal spring wound to g smaller diameter being
clamped in known manner by & fastener element
N. The uppermost coil of the helical spring Is
similarly connhected by & fastener element O to
the longitudinal girder Ai below lts junction with
the transverse girder C.

For taking up the lateral forces hetween the
axle and chassis, which cannot be taken up by
the helical spring, again a toggle-lever-like link
guilding arrangement consisting of forked Hnks
P and Q s provided, the link P helng connected
to the transverse girder C and the link @ to the
axie I by hinge joints and the two links P and
@ belng connected one to the other by means
of a ball jolnt R,

The shock ahsorption Is effected by a hydraulic
shock absorber 8 which is fixed on the inner
side of the longitudinal girder Ai directly under~
neath the transverse girder B1 and whose lever T
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is connected to an arm V of the axle I by means
of a link U provided with ball joints.

As call be seen the helical spring M is ar-
ranged under the point of intersection of the
longitudinal girder A with the transverse girder
C and the shock absorber S approximately at the
point of intersection of the longitudinal girder
Ai with the transverse girder B; In such a manner
that the helical spring and shock shsorber are
on opposite sides of the axle I or the cardan shait
F. The helical spring M is of particularly large
diameter so that a soft elastic suspension is ob-
tained, and is arranged on the extension L of
the stay K in such a manner that it is behind the
arcuate hend of the axle I.

As may be seen & preferred form of embodi-
ment consists in that the thrust stays supporting
the axle against the chassis in the direction of
the travel and the axle are constructed as hollow
elements and rigidly econnected at the points of
intersection so that a trlangular thrust bracing
of hollow elements is formed.

The stays then may be of box-shaped cross-
section and the aXle 1s tubular and extends
through the thrust stays and 1s welded thereto.

Furthermore the thrust stays are extended be-
yond the axle and the extenslons serve for sup-
porting the helical springs resiliently supporting
the rxle against the frame,

Finally according to a preferred form of em-
bodiment the arrangement comprises a rigid
axle, means for supporting the axle relatively
to the frame transversely to the direction of
travel of the vehicle, thrust stays for supporting
the axle in the direction of travel, hellical springs
for supporting the axle relatively to the chassis
in substantially vertical direction, the springs
bearing directly agalnst the thrust stays.

In this case, If the chassis consists of longitu-
dina] and transverse girders the thrust stays may
extend beyond the axle and the hellcal springs
are arranged between the axle and the chassis In
such a manner that the lower end of each of the
springs bears against one of the extensions of the
thrust stays and the upper end of each of these
springs bears against the longitudinal girder of
the chassls at its junction with the transverse
girder of the chassis,

MAX WAGNER.
WALTER LAUKHUFF,



