INTRODUCTION TO AIR SUSPENSIONS

1. PREFACE

IMPORTANT: Thissection isnot meant to qualify you towork on air suspensionsor air brake
systems. It isonly meant to give you a basic knowledge of how an air suspension works. Y ou should
not work on the actual suspension or brake components without the authorization and supervision
of the vehicle, chassis or suspension manufacturer.

It is important to understand air suspensions beethere is a direct interaction between the air
suspension and the leveling of a vehicle. In fietre are leveling systems available that use ¢hecle
air suspension to do the leveling. The HWH Activie ¢ystem actually controls the air suspension of a
vehicle while the vehicle is traveling. You mustenstand the air suspension before dealing with our
systems that are installed on vehicles with aswaspension.

At this time it is important to note that the folang discussions are generic in nature. There aramy
different types and manufacturers of air suspensgand many different ways they are put together.
Even different chassis’s built by the same manuiaar can be different in some ways. There are
different air bag, air tank and valve arrangementéd/hen dealing with suspension issues, it is critica
that you obtain plumbing and wiring diagrams for éhspecific chassis that you are working on.

2. BASIC AIR SUSPENSION

2-1 What isan air suspension? An air suspension supports the vehicle on the axigtsan arrangement
of air bags instead of some type of steel sprieaf, or coil, or some type of torsion spring arrangat.
The air bags are sometimes referred to as airgponbellows. Suspensions that have steel omotorsi
springs that are supplemented by the use of as begnot considered air suspensions. There are
combination systems that have both air and steglggp Usually the air suspension components agd us
on the rear of the vehicle. Depending on the sanathis type of air suspension will probably hawde
dealt with for leveling purposes.

Normally, the air suspension is just one part efdlr system on the vehicle. Most (but not all)ivkds

with an air suspension also have air brakes aldtigather equipment that may be operated with/Aamy

of these other systems can cause problems withitlseispension. Other air systems including th&kéra
systems in general, will not be discussed in tbisl. It is important to understand that on vehicles with
air systems, especially with air brakes, manufaets must follow specific regulations when designing
their air systems. The brake system will alwaygHe main concern for the air system. There will be
safety features installed in the system that malke brake system the main priority for the air syste
AGAIN, | CANNOT STRESS ENOUGH THE IMPORTANCE OF CONACTING THE VEHICLE,
CHASSIS OR SUSPENSION MANUFACTURER BEFORE ATTEMPTIN TO DEAL WITH A
SUSPENSION OR BRAKE ISSUE.

2-2 Components of theair suspension. An air suspension has three basic componentsaiftsapply,
theair bags and theheight control valves. As stated before, there are many different tygebese
components and different arrangements of how tbesgonents are used. In the following section, we
will discuss several different arrangements of ¢gh@smponents but this is by no means a complete
discussion of all of the possible arrangemeiksept for the Active Air System, the componentswe

will discussin this section are not manufactured by HWH. Whenever you areworking on an air
suspension, you must deal with the suspension manufacturer not HWH Cor poration.



2-2.1 Theair supply. The air supply is engine air compressor, the akgaair valves and air lines.
Theengine air compressor supplies air for every piece of air equipment aavkhicle. The maximum
pressure supplied by the compressor varies. Foy iyears, the air supply was maintained around @20 t
125 psi but on some newer, larger vehicles thidleas increased to 135 p&iwaysrefer to the vehicle
manufacturer to obtain thisfigure and do not changeit without the authorization of the vehicle
manufacturer. There will be dash gauges that will supply systeasgure information but all vehicles
have what we refer to as a “pop off valve”. You t&ar the valve “pop off” when the system reaches t
maximum air pressure.

Theair supply ismaintained through an arrangement of air tanks. Air tank arrangement is one thing
that varies greatly between different air systenmhsive seen systems with one tank that has priuady
secondary compartments built in, and systems withestype of main, secondary or auxiliary tank for
every component of the system, as many as 10 thffE?ent tanks. The terminology for these tankses
greatly also. There are primary tanks, secondamystavet tanks, auxiliary tanks, front brake tamksy
brake tanks and ping tanks to name some of thermé&ter how many there are or what they are called,
they all do basically the same thing, they stordaaithe different systems on the vehicle.

Therearedifferent valves used in the air systems also. The main valves that we deal with when
working on our HWH systems are check valves andylséem protection valve. Air check valves are like
hydraulic check valves, they only allow the aiflaw in one direction. They are normally used teje

one part of the air system from back feeding anqgbhet of the system. The other valve that inflle=snour
equipment is the system protection valve. The sygimtection valve is installed on one of the systar
tanks and is used to isolate the brake air supph very other air system on the vehicle, inclgdime
suspension. When system air pressure drops tocdisgmoint, usually about 65 to 75 psi, the proimc
valve closes, isolating the brake system from tispsnsion and other systems on the vehicle. Tlowsl
the brake system to maintain a minimum air suppfyeinergency situation€.onsult the vehicle
manufacturer for specific details and regulations concer ning system protection valves.

Air system air linesand fittings also vary in size, color and ratings. Although &are suggested
standards for air line colors when dealing withcsfi@ chassis manufacturers, there does not sedra to
any governing regulations covering air line col&as.lines and fittings do have to be rated forithe
particular useAswith everything else, refer to the vehicle manufacturer for information concerning
colorsand ratingsfor air linesand fittings.

2-2.2 Air bags. Air bags are simply a rubber bladder that holdsAdiirbags are also referred to as air
springs or bellows. The air bags are located beatwiee frame of the vehicle and the vehicle axlas. A
bags are rated for weight and pressure capacities.

Air bag placement and arrangements vary amongsshmanufacturers. At the very least, there vall b
one air bag for each side of each axle in the \@hidhere can be two air bags for each side oaithes
but | have never seen a tag axle with more thataigeper side. Some manufacturers use two airfoags
each side of the drive axle and some use two gs b@ each side of the drive and front axles. 8pac
between air bags for side to side placement aldgesté&5ome place the air bags outboard as faregsctm
and some have the bags closer together. When tg®g® side are used, one will be in front of tkie a
and the other behind the axle. Again, spacing eap.v

Most air bags will have some device such as a tmaiekeeps the air bag from being crushed or dachage
when fully deflated. Inflating air bags is limitédl the available air pressure to the suspensiaesyshis

is why the relief setting of the engine air comprgsshould not be changed. How much lift the agsba

will have varies with vehicles and air bags, bt éiverage lift the air bags will supply, when masim
available system air pressure is used, is betwgearks 6% inches from a totally deflated state.



2-2.3 Height control valves. The height control valves (HCV from now on) aredof the brains of the
system. They dictate how much air is in the airsbddnis dictates the height the vehicle sits atsth
Height Control Valve. Most HCVs are mechanical esbut electronic height control mechanisms are
available. The HCV is mounted to the frame of tbhigle. An L shaped linkage attaches the HCV to the
axle. As the axle moves up and down in relationshifhe frame, the linkage moves the valve or
electronic mechanism. With mechanical valves, tieeesn air line from the air supply to the HCV. The
is an air line from the HCV to the air bag or bagjsat it controls. The HCV also has an exhaust port
When the connecting linkage moves up, the HCV cotsnibe air supply to the air bag(s), inflating the
bag(s). When the connecting linkage moves downHD¥ connects the air bag(s) to the exhaust port,
deflating the bag(s). This controls the heighthaf vehicle. If the Height Control is electronic,the
control linkage moves up or down, an electronicssessends information to an electronic control.Sehe
controls will open or close air solenoid valveshasded to inflate or deflate the bags.

There are two basic styles of mechanical HCVsjrik&nt response valve (IR valve) and the delayeval
These names are accurate descriptions of how thiesveeact. The IR valve will start to inflate afldhte
the air bags as soon as the valve activating lemetes. The delay valve has a slight delay when the
activating lever moves before inflating or deflgtitne air bags.

The number and arrangement of HCVs used on a ssispevaries a little. There are normally three HCVs
used on a suspension. Either there is one fortimt &xle and two for the rear, (most common
arrangement) or some use two on the front axleoaedon the rear. A few chassis have been done with
one HCV for each side of the front and rear axdgstal of four, but this would not be very common.
Vehicles with a tag axle use regulated air orligetg air bags to the driver air bags to contreltag air
bags. Although it may be done, | know of no oneag$iCVs to control the tag axle air bags.

The following diagrams show the basic mounting &fGV and several air bag and HCV arrangements.
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Dual Air Bag Arrangement with One HCV Single/Dual Air Bag Arrangement with
Front and Two HCV Rear Two HCV Front and One HCV Rear
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3. HOW THE AIR SUSPENSION FUNCTIONS

@

Before explaining how the air suspension functidhsre are two important things you need to
understand. The first thing is the term “ride he&igRide height is simply the distance betweenfthene

of the vehicle and the vehicle axles that the Jehides atRide height is determined by the vehicle or
chassis manufacturer. Ride height varies betwebities and manufacturers. Ride height information
must be obtained from the vehicle or chassis matwfar. The manufacturer will supply the correct
measurements and measuring points on the chassexample would be; Ride height should be
seventeen inches measured between the center tofptlsaock mounting bolt to the center of the batto
shock mounting bolt. Remember, this is only an eplarof what the ride height information may be. The
second thing you must understand is thais highly compressible. What this means is the frame of the
vehicle will move up or down (without adding airdoexhausting air from the air bags) when weight i
removed or added to the vehicle. Although thisuge bf any suspension, air, spring or torsion, cleki
with a spring or torsion suspension will remairseal or lowered when weight is removed or added.
Because of the height control valves, vehicles aitlsuspensions should always remain at the pragher
height. The ride height for other suspensions etiinge when weight is added or removed. Also, {ehic
with an air suspension will not “settle” with age aspring or torsion suspension will.

—— TO AIR BAG(S)

FROM AIR SUPPLY ——W — HEIGHT CONTROL VALVE
9 @

Figure 3

RIDE HEIGHT —

VEHICLE
FRAME

AXLE




Weight can be added or removed from a vehiclesid@ or end of a vehicle in different ways. Simply
filling a water or fuel tank adds considerable virtitp the vehicle. Draining those tanks removeghiei
from the vehicle. A more subtle change in weight ba caused by movement of the vehicle. When a
vehicle leans, the suspension transfers weight fsoenside or end to the other. This adds or removes
weight from different points on the suspension. tompressibility of air allows the vehicle to mawe or
down on the frame as the weight shifts without agdir removing air from the bags. This brings us to

How the air suspension functions. The vehicle is supported on the frame with anrgeanent of air
bags. The vehicle air system, engine air compressoks, lines, etc., supplies air to the heigmticd
valves (HCV) mounted to the frame of the vehicliee Tieight control valves are connected to theashb
with an air line. The linkage which connects the\@o the axles rotates the HCV valving as it mowes
and down. When weight is added to the vehicleardferred through the suspension of the vehicteaith
in the air bag(s) is compressed, the frame mowesecko the axle. This forces the HCV linkage up tide
linkage moves up, the valving of the HCV connebtsdir supply to the air bag(s). The added pressure
and volume inflates the air bag(s), causing thea&r# move away from the axle. As the frame moves
back to the proper ride height, the HCV linkage s®to the neutral position. This moves the valving
away from the air supply and locks the air in threbag to maintain the proper ride height. As weiigh
removed from the vehicle or the suspension shiéigkat away, the existing pressure in the air bacgs)
push the frame away from the axle. The HCV linkageulled down. This connects the air bag(s) to the
HCV exhaust port. As air is exhausted from thebag(s), the frame lowers back down towards the. axle
As the linkage moves up to the neutral positioa,dkhaust port is closed and the air is again haké¢he
air bag(s), maintaining proper ride height.

These three drawings show a schematic examplesdfalght control valve in the neutral position)ate
position and deflate or exhaust position.
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4. PILOT OPERATED SUSPENSION AIR DUMP

A suspension air dump is used to exhaust theain il of the suspension air bags. This is done for
different reasons such as kneeling the vehicle dimwantrance accessibility or to use a levelingtem.
(This is explained in detail in “Air SuspensiongldtWH”, part of the HWH Online Technical School.)
The pilot operated suspension air dump is the wmsimon suspension dump system used at this time.
The basic components of the pilot air dump systearitee pilot operated control valve and the indinaid
dump valves, one on each height control valve. alsa have the control switch, wiring harnessedHer
control valve along with air lines and fittingsdonnect the control valve to the dump valves. Tita pir
dump system can also be controlled by a differentce such as a leveling system control panel.ifAga
this will be discussed in detail in “Air Suspensand HWH”.)



IMPORTANT: Thefollowing information is meant only to explain the basic operation of the pilot
suspension air dump. It isnot meant to be used for diagnostic purposes. The vehicle or suspension
manufacturer should always be consulted before working on the suspension dump system.

The pilot valve is an electrically activated spealve. Each end of the valve has an electric sadeno
These are normally activated with a + voltage dighae valve has two positions that we refer tohes
“Dump” and “Travel” positions. The pilot valve musg¢ shifted with the electrical solenoids. The filo
valve has no spring operation. When shifted ta@thep position, the pilot valve stays there untiftsial

to the Travel position. It will stay in the Tray@bsition until shifted again. The pilot valve usésto
activate the dump valves at each HCV. In the Trawesition, the pilot valve connects the HCV dump
valves to an exhaust port. This keeps the dumpevaiwtrol pressure at O psi. When shifted to thenpu
position, the pilot valve connects the HCV dumpvealto the air supply. This shifts the HCV dump
valves to an air dump position. This allows thetaibe exhausted from the air bags and isolateaithe
bags from the HCVs. Air will NOT be exhausted frtfme air system as the vehicle lowers. Air is dumped
from the air bags without affecting the air pressarthe air supply. When the pilot valve is shifte the
Travel position, air pressure is removed from ti@&+Hlump valves. This allows the dump valves tonretu
to the Travel position. The HCV can now inflatedeflate the air bags as needed.

IMPORTANT: If system air pressureislow, the pilot valve may react sluggishly, not shift properly,
until system air pressureincreases. The vehicle operator should always check that the vehicleis at
the proper ride height beforetraveling.
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The following is a test that will cover a little e¥erything that was discussed in this school. Doadhthe
test and email it tachool@hwh.cornwe will correct it and send it back to you.



