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(54) Suspension systems

(57) Inasuspensionsystem, afluid
pressure spring comprises a hollow
body supported on a pair ofend
members (16,17) movable towards and
away from one another in an axial
direction of the spring, and apparatus
(31)is provided on one end member (16)
to measure the axial spacing of the end
members by emitting ultrasonic pulses
inthe axial direction, e.g. to be reflected
fromthe other end member (17), so asto
enable the transit time ofthe pulses
along the body to be measured and thus
to provide a measure of the length of the
body between the end members atany
giventime. Preferably a
transmitter/receiverislocated on one
end member (16) and areflector (44) on
the other end member (17), and a fixed
reflector (43) is provided for
comparison. A control unit responsive
to the pulse transit time is operatively
connected to a control valve for the fluid
pressure within the spring.
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SPECIFICATION
Suspension systems

Thisinvention relates to suspension systems, and particularly to suspension systems for vehicles, of the kind
inwhich afluid-pressure spring is mounted between sprung and unsprung parts of the vehicle and isarranged
to be connected to a source of fluid pressure via a valve mechanism which enables fluid to be supplied to, or
released from a spring in order to adjust the height of the sprung part above the unsprung part.

The valve employed for the above purpose is commonly referred to as a “levelling valve”, and, convention-
ally, may be operated by a mechanical actuating arm responsive to relative movement between the sprung
and unsprung parts. Such systems have the disadvantage that the valve and its operating mechanism are
exposed to the hostile environmentunder the vehicle and are subjected to the effects of mud, water, and
corrosive substances, (e.g. road salt), thrown up by the wheels. Further, the mechanisms of a valve of this kind
need to be relatively complexin orderto prevent unnecessary operation of the levelling system in short-
duration relative movements of the sprung and unsprung parts.

The invention has the object of providing actuation means for alevelling valve which is shielded from the
hostile working environment, and which is capable of providing a more sophisticated control of the fluid
pressure spring than current actuation mechanisms.

According to the invention, a suspension system comprises a fluid pressure spring in the form of aholiow
flexible body having a pair of relatively movable end members, movable towards and away from one another
in an axial direction of the spring, and apparatus located within the hollow flexible body responsive to changes
in the axial spacing of the end members, said apparatus comprising a pulse-emitting device mounted onone
end member and arranged to emit trains of pulses in the axial direction of the body and a receiver device
arranged to receive said pulses after the pulses have passed at least once axially along the body, and a control
unitcomprising means responsive to the pulse transit time and being arranged to be operatively connected to
acontrol valve for the fluid pressure within the spring.

The apparatus may comprise a pulse-emitting device mounted on one end member and a receiver device on
the other end member, butin a preferred arrangement the two devices are both mounted on one end member
and a reflector forthe pulses is mounted on the other end member so as to reflect said pulses to the receiver. In
afurther preferred arrangement, a fixed reflector is secured to the end member carrying the pulse-emitting
device, the fixed reflector being spaced at a fixed distance within the hollow flexible body from the pulse-
emitting device to provide areference pulse transittime.

The pulses employed are preferably ultrasonic pulses.

One embodiment of the invention will now be described with reference to the accompanying drawings, in
which ;-

Figure 1is a diagrammatic axial cross-section through a pneumatic spring;

Figure 2 is a diagram showing the spatial relationship of elements of a height-sensing apparatus contained
within the spring shown in Figure 1, and

Figure 3is a graph showing the time relationship of pulses reflected from afixed target and a movable target
within the spring.

The pneumatic spring 10 shown in Figure 1 comprises a conventional rolling-lube cord-reinforced rubber air
bellows 11 which includes inextensible wire-reinforced beads 12 and 13 suitably clamped against seatings 14
and 150n a base plate 16 and a piston 17 respectively. The base plate 16 is secured to a vehicle chassis member
18 and the piston 17 is secured to an axle of the vehicle (not shown). The rolling lobe 19 of the bellows 11
permits vertical (axial) displacement of the piston 17 relative to the base plate 16, upward movement ofthe
piston towards the base plate 16 being resisted by pneumatic pressure within the spring supplied through an
airconnection 20 which in service is connected to a conventional pressure source on the vehicle via a control
unit (not shown). The control unitcomprises an electrically actuated pneumatic valve which can be actuatedto
supply air pressure to the interior of the bellows, thus tending to raise the base plate and chassis relative tothe
axle, orto exhaust air pressure from the bellows so as to iower the chassis relative to the axle. Such systemsfor
vehicle “ride height” adjustment are well known : the present invention resides in the provision, withinthe
bellows 11, of height-sensing apparatus 30.

The height-sensing apparatus 30 comprises an ultrasonic pulse piezo-electric transmitter-receiver 31 of
conventional form which is located in a cylindrical recess 32 of the base plate 16 and connected to a source of
electrical power and the associated control unit through a multi-core cable 33. The apparatus 30 is sealed into
the recess 32 by conventional means {(not shown) to retain the pneumatic pressure in the bellows. The
transmitter-receiver 31 is electrically actuated to produce a train of ultrasonic pulses 40 (Figure 3) which pass
axially downwardiy through the beliows.

Arigid stem 42 secured to the apparatus 39 carries a fixed reflectorin the form of atarget 43 (such as aflat
metal disc secured to the stem 42) which is capable of reflecting ultrasonic pulses back to the transmitter-
receiver. Amovable reflector or target 44 is provided by a flat surface on the end of the piston 17 which isalso
capable of reflecting ultrasonic pulses back to the transmitter-receiver.
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In operation, the control unitneeds to be supplied with information as to the height at which the vehicle
chassis is held, by the pneumatic pressure in the spring 10, above the axie. Short-term fluctuations inthis

height will of course occur as the vehicle travels overuneven ground, and long-term variations will occurwhen

the amount of the load carried by the vehicle is changed.

§ Theapparatus30isarrangedto provide signals to the associated control unit, spaced intime, corresponding

to the emission of an ultrasonic pulse 40 and the subsequent arrival atthe receiver of a pulse 50 reflected from
the target 44 which is movable with vertical movement ofthe piston 17. As shown in Figure 3 the returning
pulses 50 and 51 are received atthe transmitter-receiver 31 attimes T1 seconds and T2 seconds respectively
after the initial emission of a pulse 40.

16 Asshownin Figure 2, the fixed-distance target 43is positioned at a distance D1 from thetransmitter-receiver

and the movable target 44 at a distance D2 from thetransmitier-receiver.
The distance D2 is easily calculated from the equation

D2=D1xT2
15 ™

assuming that the velocities of the pulses 50 and 51 are the same—which is of course the case. [t will be noted
thatthe actual velocity of the pulses does notenter into the equation : the use of the pulse 50 from thefixed

20 targetprovides areference pulse transittime, allowing the effects of pulse velocity changes {which may occur

as a result of air pressure, temperature, and humidity within the bellows) to be eliminated.
in the control unit, which is a solid-state electrical circuit of conventional type, pulse timing circuits are
providedto enable T1and T2to be compared and thus provide, eitherin digital or analogue form, asignal
which is a measure of D2. By use of a suitable integrating circuitthe control unit can be made toignore
25 short-termfluctuationsinD2andto respond only to long-term variations in ride height which are caused by

changes in vehicle loading. The control unitis arranged viaits electrically operated pneumatic valve to supply

air pressureto, or release air pressure from, the spring 10 so as to maintain the ride height of thevehicle
constant under changing vehicle conditions. The systemcan also be arranged to enable any desired height
(within a suitable range) to be selected by the vehicle driver.

30 Amajoradvantage of theride heig ht control system described above is that by the novel step ofincorporat-
ing a pulse-emitting device to constitute height sensing apparatus within the hollow body ofthe spring the

device is protected against accidental damage or the effects of mud, water, and corrosive agents encountered

in normal usage on a vehicle. The system described, involving the use of a fixed target to provide a reference
pulsetransittime, has the major advantage of eliminating the errors which could otherwise ariseinan
35 ultrasonic pulse system due to the effects oftemperature, humidity etc.

CLAIMS

1. Asuspension system comprisinga fluid pressure spring inthe form ofa hollow flexible body havinga
40 pairof relatively movable end members, movable towards and away from one anotherin an axial direction of

the spring, and apparatus located within the hollow flexible body responsive to changesin the axial spacing of

the end members, said apparatus comprising a pulse-emitting device mounted on one end memberand
arranged to emit a train of pulses in the axial direction of the body and a receiver device arranged to receive
said pulses after the pulses have passed at least once axially along the body, and a control unitcomprising

45 means responsive to the pulse transittime and being arranged to be operatively connected to acontrol valve
forthe fluid pressure within the spring.

2. Asuspension system according to Claim 1 wherein the pulse-emitting device and the receiver deviceare

both mounted on one end member and a reflector for the pulsesis arranged on the other end member so asto
reflect said pulses to the receiver.

50 3. Asuspensionsystem accordingto Claim 2 wherein afixed reflector is secured to the end member
carrying the pulse-emitting device, the fixed reflector being spaced at a fixed distance within the hollow
flexible body from the pulse-emitting device to enablie a reference pulse transit time to be determined.

4. Asuspension system according to Claim 3wherein the fixed reflector is carried on a stem extending
axially within the hollow flexible body from the end member carrying the pulse-emitting device.

56 5. Asuspensionsystem accordingtoany of Claims 1 to 4 wherein the pulse-emitting device emits
ultrasonic pulses.

6. Asuspension system according toany of the preceding claims wherein the hoilow flexible bodyisa
pneumatic spring.
7. Asuspension system according to any of the preceding claims wherein the control unitisarrangedto

60 maintain an associated vehicle ata constantride height.

10

15

20

25

30

35

50

55

60



2

GB 2177475 A

3

8. Asuspension system constructed and arranged substantially as described and illustrated in theaccom-

panying drawings.
9. Avehicle comprising a suspension system as claimed in any of the preceding claims.
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