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Vehicle Suspension

FIELD OF THE INVENTION
The present invention relates to suspension for vehicles.
BACKGROUND ART

Vehicles need a suspension system in order to keep the wheels in contact
with the surface over which the vehicle is being driven, and to insulate the
vehicle body from at least some of the undulations in that surface. The former
requirement is necessary in order to ensure the safe and effective handling of
the vehicle, and the latter is necessary in order to provide the necessary level of
ride comfort. Generally, these two requirements act in opposite directions, and
a suspension system is therefore a compromise between the two. A range of

suspension systems are known.

The MacPherson strut suspension, often used for the front suspension,
comprises a wishbone or a substantial compression link stabilized by a
secondary link, which provides a bottom mounting point for a wheel hub or axle.
This lower arm system provides both lateral and longitudinal location of the
wheel. The upper part of the hub is rigidly fixed to the inner part of a sprung
and damped strut, which extends upwards directly to a mounting in the body

shell of the vehicle.

Double wishbone suspension locates the wheel through the use of two
(upper and lower) arms, each in the shape of an “A” or a wishbone. Each arm

has two mounting points on the chassis and one joint at the knuckle. A shock
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absorber and coil spring are mounted to the wishbones to control vertical
movement. Double wishbone designs allow the engineer to carefully control the
motion of the wheel throughout suspension travel, controlling such parameters
as camber angle, caster angle, toe pattern, roll center height, scrub radius, scuff

and more.

A multi-link suspension uses three or more lateral arms, together with one
or more longitudinal arms, to define and constrain the movement of the wheel
hub. These arms do not have to be of equal length, and may be angled away
from their 'obvious' direction. Typically each arm has a spherical joint (ball
joint) or rubber bushing at each end, and therefore react loads along their own
length, in tension and compression, but not in bending. Some multi-links also

use a trailing arm or wishbone, which has two bushings at one end.

All have relative advantages and disadvantages, typically reflecting a
variation in the level of ride comfort or handling that is achievable against the

cost and complexity of the system.
SUMMARY OF THE INVENTION

The present invention seeks to provide a suspension system for a vehicle
that offers levels of ride comfort and/or handling that meet or exceed the
demanding standards that are now set, but through the use of a significantly

lower parts count.

Such a reduction in parts count offers great advantages in use. The
immediate advantage lies, of course, in the cost of the system in that if fewer
parts need to be made and assembled, then the resulting cost of the assembly is
directly reduced. However, other advantages also flow from a reduced parts
count, in that the levels of parts stocking that is required of assemblers and
dealers is reduced, the material usage is reduced, the weight of the system and
of the vehicle is reduced, and so on. As well as reducing the build cost of the
vehicle, these factors contribute directly to a reduction in the running costs of
the vehicle in terms of its fuel consumption, servicing costs, and environmental

impact.
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The present invention therefore provides a vehicle suspension, comprising
an assembly of a hub carrier and a support arm, the support arm being attached
to the hub carrier at two points spaced from each other in the direction of travel
and extending inwardly therefrom to a support arm attachment point for fixing
to a chassis, a trailing link extending from the assembly in a direction transverse
to that of the support arm, toward a trailing link attachment point for fixing to
the chassis, and a toe control link attached to the hub carrier at a location
spaced vertically from the two points and extending inwardly from there to an

attachment point for fixing to the chassis.

The trailing link preferably extends from the assembly in a forward
direction, thereby placing it under tension, reducing the likelihood of it buckling,
and hence allowing for a more slender item that has less weight and uses less

material in its production. It is preferably connected directly to the hub carrier.

A strut can be provided, extending upwardly toward an attachment point
for fixing to a chassis, to provide the necessary vertical positioning of the

suspension, together with (preferably) the usual spring and damper.

The toe control link is ideally attached to the hub carrier at a point located
outward of the two points at which the support arm is attached to the hub
carrier. Likewise, we prefer that the single attachment point at which the toe
control link is attachable to a chassis is located inward of the support arm

attachment point at which support arm is attachable to a chassis.

The support arm can comprise a pair of arms extending divergently from
the attachment point to each of the two points. Of these two arms, one is
preferably shorter than the toe control link. This is, in effect, a wishbone form,
but mounted in an orientation that is the opposite of the usual orientation. The
fixing of the support arm attachment point is preferably one allowing movement
of the support arm relative to the chassis in all directions, such as one in which
the support arm is mounted to the chassis via a cylindrical section mounted on a

stud via a rubber bushing.
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The hub carrier can include a pivot pin extending in a fore/aft alignment,
passing through two pivot points on the support arm thereby to define the two
points. The appropriate end of the pivot pin then provides a convenient location
for attaching the trailing link to the hub carrier. Such an arrangement is shown
in our earlier patent application WO2010/100412. Alternatively, a ball joint can

be used to connect each of the two arms of the support arm to the hub carrier.

The hub carrier preferably carries an axle, which can be driven via a drive
shaft extending from an engine or from a suitable differential or other gearbox.

A wheel can be fitted to the axle.

The toe control link provides additional dynamic geometry control,
especially under high loading conditions, such as is often called for in sports or

high-performance cars.

The invention further relates to a vehicle, comprising a chassis and at
least two wheels, one on each side of the vehicle, each wheel being attached to

the chassis via a suspension as defined above.

A design of this type has particular advantage for vehicles with a narrow
track, as it allows a suspension to be packaged within a very narrow confine.
This also makes the suspension particularly suited to vehicles with a rear- or
mid-engined power train installation (both transverse and inline) as the more
limited space demanded by the suspension allows greater room for the engine
and powertrain. Most designers struggle to package the suspension, driveshafts
and powertrain within the space available, and have to employ complex pressed

metal suspensions.

In this application, directions or orientations referred to are intended to be
interpreted relative to the vehicle on which the suspension is, or is intended to
be, mounted. Thus, a “forward” or “fore” direction means one towards the front
of the vehicle, and a “rearwards” or “aft” direction is to be interpreted likewise.
Similarly, a direction such as “inward” means one that is towards the centreline
of the vehicle, “outwards” meaning the opposite. It is not intended that strict

geometric alignment be inferred (unless indicated otherwise); thus a “forward”
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direction is not necessarily limited to one that is precisely aligned with the
vehicle’'s direction of travel, but indicates a forward direction as opposed to a

rearward or an inward direction.
BRIEF DESCRIPTION OF THE DRAWINGS

An embodiment of the present invention will now be described by way of

example, with reference to the accompanying figures in which;
Figure 1 shows a perspective view of the suspension system;
Figure 2 shows a view of the suspension system from above;
Figure 3 shows a view of the suspension system from the rear; and

Figure 4 shows a view of the rear part of a vehicle fitted with the

suspension system of the present invention.
DETAILED DESCRIPTION OF THE EMBODIMENTS

A modern lightweight and efficient ultra-compact city car requires an
independent, lightweight rear suspension with excellent camber and toe control.
For packaging reasons we also need the suspension to allow the installation of a
rear transverse mounted engine and transmission unit in the close proximity.
Normal practice is to use either trailing arm, semi trailing arm, De-Dion or Semi-
De-Dion type suspensions. These are however very heavy, expensive, and
provide very poor control of camber and toe control at the tyre contact patch.
In many instances, they provide no independence from side to side. We sought
to design a system that provides all the advantages of a conventional McPherson
strut system with the added advantage of much more effectively decoupling the

transverse compliance from the longitudinal compliance.

Figure 1 shows an embodiment of the present invention, shown in the
form of a wheel and the associated suspension separate from the vehicle chassis

to which it would, in use, be attached.
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Thus, a wheel 10 comprising a tyre 12 fitted onto a rim 14 is bolted to a
wheel hub 16. This is attached to an axle and the assembly is rotateably
supported on a hub carrier 20. A drive shaft 21 leads from a differential to the

axle 18 in order to transmit drive torque to the wheel 10 and propel the vehicle.

The hub carrier 20 comprises a mount for the axle 18 and hub 16
comprising suitable bearings (not visible) to allow rotation thereof, and a set of
stiffening flanges extending inwardly therefrom to provide rigidity to the hub
carrier 20 and mounting points for the suspension elements. An upper flange 22
extends from an upper edge of the hub carrier 20, together with two side flanges
in the form of a fore side flange 24 and an aft side flange 26, and a lower flange
27. To these flanges are connected the principal suspension components, as

follows.

First, an inverted wishbone 28 provides lateral compliance to the system.
This is inverted in that, contrary to usual practice, there is a single attachment
point 30 at the chassis, from which two wishbone arms 32, 34 extend to
(respectively) a fore attachment point 36 and an aft attachment point 38 on the
lower flange 27, near to its join with the respective side flanges 24, 26 of the
hub carrier 20. Each of the attachment points 30 is via a balljoint, allowing

appropriate articulation of the connection.

An alternative form for the fore and aft attachment points is a rod passing
through apertures in the side flanges 24, 26, and through corresponding
cylindrical sections at the ends of the wishbone arms 32, 34. Thus, the
wishbone arms 32, 34 are anchored onto the rod 40, allowing the necessary
relative rotation as the wheel rises and falls. Such an arrangement is shown in
our earlier application WO2010/100412.

A similar balljoint is included in the chassis attachment point 30, oriented
vertically so as to allow for some fore/aft adjustability. This is mounted onto a
suitable stud 42 (not shown in figure 1) or the like on the chassis, via a rubber

bushing 44 to allow limited movement of the wishbone arm 28 in all directions.
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A trailing link 46 is also provided in order to offer fore and aft compliance.
This is connected to the chassis by a horizontally-aligned cylindrical link 48
mounted on a similar stud via a rubber bushing 52. This allows easy rotation of
the trailing link 46 in a vertical plane as the wheel 10 rises and falls, and also
allows some movement in other directions to accommodate the suspension

geometry.

At its other end, the trailing link 46 is attached to the fore end of the
lower flange 27 via a further balljoint. As an alternative, the trailing arm can be

connected as shown in our application WO2010/100412.

A third principal suspension element is a strut 60. This is a conventional
spring and damper unit, attached to the chassis via a top mount 62 and to the
hub carrier 20 via a bracket 64 that is clamped to the lower end of the strut 60
and bolted in two places to the fore side flange 24. The strut thus keeps the hub
carrier in a generally upright alignment and provides a downward force to the
wheel 10 to keep it in contact with the ground, and damping of the upward and

downward movement of the wheel 10.

Finally, a toe control link 66 provided. This is a rigid rod extending from
the hub carrier 20 to a chassis hard point (not shown), generally parallel with
the rear wishbone arm 34 but spaced therefrom upwardly. A connection is made
at both ends via balljoints or a conventional bush 70 respectively allowing some
articulation of the connection. This link 66 enhances the dynamic geometry
control under high loading conditions, by further constraining movement of the
hub carrier 26 to the manner dictated by the wishbone 28 and the strut 60.
Whilst this does not affect the geometry under low loading conditions, it
prevents transient distortions under high loads by providing additional support

and rigidity, thus ensuring that the geometry remains correct.

Figure 3 shows the system from one side. The wheel 10 is shown
schematically, mounted on the hub 16. The inverted wishbone 28 is shown,
attached to the rod 40 which can be seen to be angled upwardly toward the

front of the vehicle. Likewise, the trailing arm 46 angles downwardly from its
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chassis mount 50 to the U-section bracket 54 on the rod 40. The strut is angled
slightly forward, the top mount 62 being somewhat forward of the bracket 64.
These angles and orientations can be adjusted in design of the suspension

system in order to provide the desired handling properties.

Figure 2 shows the system from above, illustrating the slightly forward
angle of the strut 60, the top mount 62 being somewhat forward of the bracket
64. The aft wishbone arm 34 is shorter than the fore arm 32, meaning that the
attachment point 30 to the chassis is aft of the wheel centreline. This allows
space for the drive shaft 21 to reach the wheel hub 16, passing fore of the

attachment point 30 and above the fore wishbone arm 32.

Figure 3 shows the system from the rear, with the drive shaft 21 passing
above the inverted wishbone 28. It can be seen that the attachment point 38
for the aft wishbone arm 34 is slightly lower than the attachment point 36 for
the fore arm 32. These and the other angles and orientations can of course be
adjusted in design of the suspension system in order to provide the desired

handling properties.

As is visible in figures 2 and 3, the toe control link 66 is longer than each
of the fore wishbone arm 32 and the aft wishbone arm 34. The chassis hard
point at which is attaches via the bush 70 is located inward of the chassis
attachment point for the wishbone 28; likewise, the attachment point with the
hub 16 is located outward of the attachment points for each of the fore wishbone
arm 32 and the aft wishbone arm 34. These lengths and mounting points
influence the under-load movement of the suspension and help provide the

benefits outlined above.

Figure 4 shows a schematic view from the rear of a compact town car with
the above-described suspension system installed. The chassis 72 provides the
necessary mounting points, and houses an engine and gearbox 74. A pair of
drive shafts 21 project outwardly in both directions from the gearbox 74 and
towards wheel hubs 16 on either side of the vehicle. One wheel 10 is mounted

on each wheel hub 16, and each wheel is supported by a suspension system as
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described above, including an inverted wishbone 28, a strut 60, and a trailing

arm (not visible in figure 4).

As is evident from figure 4, the illustrated system is designed to meet the
needs of the rear wheels of a rear-engined, rear wheel drive configuration. It
could however be applied in other configurations, such as the driven or non-

drive wheels of front-wheel drive (or other) layouts.

This ‘inverted wishbone’ system not only delivers the ride and handling
advantages of an independent suspension system, but is also designed with a
two part linkage (the inverted wishbone 28 plus the trailing link 46) to allow
separation of fore and aft compliance for ride and comfort and lateral compliance
for the vehicle handling control (camber and toe control). Together with the
strut 60 and toe control arm 66, the overall system is extremely lightweight and
has a low production cost as it comprises only three links per vehicle side and

only four compliant elements per vehicle side.

The described system also requires only a small number of attachment
points to the chassis, and allows them to be spaced well away from the drive
shafts. This makes the system especially suited to a small and efficient town car
in which component space is restricted and the wheels may be mounted close to

the engine, gearbox etc.

It will of course be understood that many variations may be made to the
above-described embodiment without departing from the scope of the present

invention.
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CLAIMS

A vehicle suspension, comprising an assembly of a hub carrier and a
support arm, the support arm being attached to the hub carrier at two
points spaced from each other in the direction of travel and extending
inwardly therefrom to a support arm attachment point for fixing to a
chassis, a trailing link extending from the assembly in a direction
transverse to that of the support arm, toward a trailing link attachment
point for fixing to the chassis, and a toe control link attached to the hub
carrier at a single location spaced vertically from the two points and
extending inwardly from there to a single attachment point for fixing to

the chassis.

A vehicle suspension according to claim 1 in which the trailing link extends

from the assembly in a forward direction.

A vehicle suspension according to claim 1 or claim 2 further comprising a
strut extending upwardly toward an attachment point for fixing to a

chassis.

A vehicle suspension according to claim 3 in which the strut carries a

spring.

A vehicle suspension according to claim 3 or claim 4 in which the strut

carries a shock absorber.

A vehicle suspension according to any one of the preceding claims in
which the single location at which the toe control link is attached to the
hub carrier is located outward of the two points at which the support arm

is attached to the hub carrier.

A vehicle suspension according to any one of the preceding claims in
which the single attachment point at which the toe control link is
attachable to a chassis is located inward of the support arm attachment

point at which support arm is attachable to a chassis.
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A vehicle suspension according to any one of the preceding claims in
which the support arm comprises a pair of arms extending divergently

from the attachment point to each of the two points.

A vehicle suspension according to claim 8 in which the toe control link is

longer than at least one arm of the pair of arms.

A vehicle suspension according to any one of the preceding claims in
which the hub carrier includes a pivot pin extending in a fore/aft
alignment, and which passes through two pivot points on the support arm

thereby to define the two points.

A vehicle suspension according to any one of the preceding claims in
which the fixing of the support arm attachment point is one allowing

movement of the support arm relative to the chassis in all directions.

A vehicle suspension according to any one of the preceding claims in
which the support arm is mounted to the chassis via a cylindrical section

mounted on a stud via a rubber bushing.

A vehicle suspension according to any one of the preceding claims in

which the trailing link is connected to hub carrier.

A vehicle suspension according to claim 7 in which the trailing link is

connected to an end of the pivot pin.

A vehicle suspension according to any one of the preceding claims further

comprising an axle carried by the hub carrier.

A vehicle suspension according to claim 10 in which the axle is a driven

axle.

A vehicle suspension according claim 11 further comprising a wheel fitted

to the axle.
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A vehicle comprising a chassis and at least two wheels, one on each side
of the vehicle, each wheel being attached to the chassis via a suspension

according to claim 10 or claim 11.

A vehicle suspension substantially as herein described with reference to

and/or as illustrated in the accompanying figures.



PCT/EP2015/060189

WO 2015/169948

1/3

o0}
<

52




WO 2015/169948 PCT/EP2015/060189

2/3

70

30

32 34 28 Fig 3



WO 2015/169948 PCT/EP2015/060189

3/3

16



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2015/060189

A. CLASSIFICATION OF SUBJECT MATTER

INV. B60G3/20
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

B60G

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A GB 2 468 302 A (GORDON MURRAY DESIGN LTD 1-18
[GB]) 8 September 2010 (2010-09-08)
the whole document
A JP HO2 74408 A (MAZDA MOTOR) 1-18
14 March 1990 (1990-03-14)
the whole document
A US 4 664 412 A (MATSCHINSKY WOLFGANG [DE]) 1-18
12 May 1987 (1987-05-12)
the whole document
A EP 0 182 606 A2 (FORD MOTOR CO [GB]; FORD 1-18
WERKE AG [DE]; FORD FRANCE [FR]; FORD
MOTOR C) 28 May 1986 (1986-05-28)
the whole document
_/ -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

27 August 2015

Date of mailing of the international search report

02/09/2015

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Savelon, Olivier

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2015/060189

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 4 515 391 A (KOIDE MASARU [JP])

7 May 1985 (1985-05-07)

the whole document

FR 2 202 790 Al (DAIMLER BENZ AG [DE])

10 May 1974 (1974-05-10)

the whole document

GB 2 135 945 A (FORD MOTOR CO)

12 September 1984 (1984-09-12)

the whole document

DE 42 06 896 Al (BAYERISCHE MOTOREN WERKE
AG [DE]) 16 September 1993 (1993-09-16)
the whole document

US 5 938 219 A (HAYAMI HIROSHI [JP] ET AL)
17 August 1999 (1999-08-17)

the whole document

GB 2 198 398 A (HONDA MOTOR CO LTD)

15 June 1988 (1988-06-15)

the whole document

1-18

1-18

1-18

1-18

1-18

1-18

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2015/060189
Patent document Publication Patent family Publication

cited in search report date member(s) date

GB 2468302 A 08-09-2010 CA 2754287 Al 10-09-2010
EP 2403727 Al 11-01-2012
GB 2468302 A 08-09-2010
JP 2012519621 A 30-08-2012
US 2012061937 Al 15-03-2012
WO 2010100412 Al 10-09-2010

JP HO274408 A 14-03-1990  NONE

US 4664412 A 12-05-1987 DE 3507141 Al 04-09-1986
EP 0193796 Al 10-09-1986
US 4664412 A 12-05-1987

EP 0182606 A2 28-05-1986  CA 1244493 Al 08-11-1988
DE 3578555 D1 09-08-1990
EP 0182606 A2 28-05-1986
ES 8701618 Al 01-03-1987
JP 561119415 A 06-06-1986
US 4848788 A 18-07-1989

US 4515391 A 07-05-1985 DE 3316448 Al 01-12-1983
JP 558182810 U 06-12-1983
US 4515391 A 07-05-1985

FR 2202790 Al 10-05-1974  DE 2249971 Al 18-04-1974
FR 2202790 Al 10-05-1974
GB 1399965 A 02-07-1975
IT 994816 B 20-10-1975
US 3926454 A 16-12-1975

GB 2135945 A 12-09-1984  DE 3306432 Al 06-09-1984
FR 2563167 Al 25-10-1985
GB 2135945 A 12-09-1984
US 4556235 A 03-12-1985

DE 4206896 Al 16-09-1993  NONE

US 5938219 A 17-08-1999 CN 1176189 A 18-03-1998
EP 0825040 A2 25-02-1998
JP H1058932 A 03-03-1998
US 5938219 A 17-08-1999

GB 2198398 A 15-06-1988 DE 3740395 Al 16-06-1988
FR 2607756 Al 10-06-1988
GB 2198398 A 15-06-1988
JP S63145112 A 17-06-1988
US 4840396 A 20-06-1989

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - wo-search-report
	Page 19 - wo-search-report
	Page 20 - wo-search-report

